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Abstract

This paper examines how the expansion of 3G mobile internet affected labour force participa-
tion and employment composition across 52 countries, predominantly upper-middle-income 
and high-income countries, covering about 28 per cent of the global labour force, from 2004 to 
2023. Using harmonized labour force survey microdata and high-resolution regional coverage 
maps, we employ fixed-effects OLS regressions and an instrumental-variable strategy exploit-
ing regional variation in lightning density. Our main finding is that 3G expansion does not have 
uniform labour market effects: its consequences depend critically on where countries stand in 
the digital diffusion process and their level of economic development. In lower-income and low-
er-coverage settings, expanded connectivity raises participation and employment, with strong-
er gains for women, while in more developed and digitally mature settings, the same expansion 
reduces participation through falling employment, consistent with diminishing returns at later 
stages of diffusion. Employment gains in poorer contexts occur largely through own-account 
and family work and agriculture, pointing to more vulnerable forms of employment, whereas 
richer contexts see shifts toward wage employment, larger firms, and services. Gains also vary 
by worker characteristics, concentrating among those with basic or intermediate education while 
employment contracts for the highly educated and older workers in more advanced economies. 
Contrary to optimistic expectations, 3G expansion does not systematically narrow gender gaps; 
the most robust gendered finding is a widening of already large gender gaps in youth labour 
market disengagement, with young women in lower-income countries becoming relatively more 
likely to be neither employed nor in education or training. Overall, the results caution against 
viewing digital infrastructure as a technology with predictable labour market benefits, and sug-
gest that connectivity policy must be embedded in a broader strategy addressing job quality, 
formalisation, and equitable access.
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	X Introduction

The rapid expansion of mobile broadband technologies over the past two decades has profoundly 
transformed people’s daily lives and how they communicate, work and access economic oppor-
tunities. Today, 78 per cent of the global population owns a mobile phone (ITU, 2023), and nearly 
67 per cent use the internet. Mobile broadband, particularly 3G networks, have been a key driv-
er of this transformation. Unlike 2G networks, which enable voice calls and SMS but not mean-
ingful internet access, 3G transformed mobile phones into internet access points, supporting a 
wide range of online activities, such as mobile banking, e-commerce, remote work, and digital 
learning. These advances can influence an individual's economic well-being in multiple ways, 
such as reducing information frictions, lowering search and transaction costs, enabling remote 
work and digital entrepreneurship, and allowing consumers and businesses to engage in more 
competitive marketplaces (Jensen, 2007; Aker, 2010; Bhuller et al., 2023).

Mobile broadband has been particularly transformative in low- and lower-middle-income coun-
tries, where fixed-line infrastructure, such as fixed telephone lines and cables, remains limited 
and mobile phones constitute the primary means of internet access (Stork et al., 2013; ITU, 2023). 
In 2023, worldwide 95 per cent of the population was covered by at least 3G or above, although 
there are large discrepancies across income groups. For example, in low-income countries the 
population coverage reaches only 77 per cent, whereas it is nearly universal in high-income con-
texts (ITU, 2023). Despite its rapid diffusion, the potential economic benefits of mobile internet 
may not fully materialize or may do so unevenly across genders. Gender gaps in mobile phone 
ownership and digital literacy continue to persist. In low- and lower-middle-income countries, 
women are 14 per cent less likely than men to use mobile internet, as well as 14 per cent less 
likely to own a smartphone (GSMA, 2025). These disparities suggest that the labour market im-
pacts of 3G coverage may differ systematically by gender. 

Understanding these effects is particularly relevant given the persistence of global gender dis-
parities in labour market outcomes. In 2025, the employment-to-population (EMP2POP) ratio of 
men stood at 69.5 per cent globally, compared with 46.3 per cent for women, a 23.2 percent-
age point gap, with even wider differences in many developing countries (ILOSTAT, 2025)1. The 
diffusion of digital technologies such as 3G could, in principle, help narrow these disparities by 
facilitating access to information and new work arrangements (Henderson et al., 2026), or con-
versely, widen them if women face greater barriers to adoption and use. 

A growing body of research has examined the relationship between internet access and labour 
market outcomes. Evidence from lower-coverage and earlier-diffusion contexts generally docu-
ments positive effects on employment, job matching, and labour force participation, with studies 
from both developing countries and early-stage diffusion episodes in developed economies point-
ing to reduced information frictions and improved market access as key mechanisms (Aker and 
Fafchamps, 2015; Hjort and Poulsen, 2019; Chiplunkar and Goldberg, 2022; Kuhn and Mansour, 
2014). However, these positive effects appear to diminish or reverse as coverage matures: evi-
dence from more advance or higher-coverage settings suggest smaller employment gains, con-
sistent with diminishing returns at later stages of diffusion (Kolko, 2012). Moreover, while some 
studies consider gender-disaggregated outcomes, relatively little attention has been devoted to 

1 Figures based on ILO Modelled Estimates (ILOEST) using the 13th International Conference of Labour Statisticians (ICLS) definitions 
for employment.
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how digital expansion affects gender gaps themselves or to whether the positive effects docu-
mented in developing contexts extend to more advanced economies. 

In this paper, we analyse the expansion of 3G mobile network coverage between 2004 and 2023 
across 52 countries, predominantly high- and upper-middle-income countries, representing ap-
proximately 28 per cent of the global labour force and covering all levels of economic development. 
Using harmonized labour force survey microdata from ILOSTAT combined with high-resolution 
regional coverage maps, we estimate the effects of 3G expansion on labour force participation, 
employment- and unemployment-to-population ratios, employment composition and sectoral 
allocation. For all these outcomes, we further investigate whether improved digital access has 
contributed to widening or narrowing existing gender gaps. The cross-country scope, long time 
horizon, and consistent harmonization of labour market variables allow us to provide one of the 
most comprehensive assessments of the labour market consequences of mobile broadband dif-
fusion to date.

Identifying the causal impact of digital connectivity on labour market outcomes presents em-
pirical challenges, as network rollout is typically correlated with economic development, infra-
structure investment, and other region-specific factors. To address this concern, we first lever-
age ordinary least squares (OLS) regressions that include region and time fixed effects, as well 
as several variables that allow us to control for other trends in telecommunication technology 
diffusion and broader economic development. Second, to further tighten the causal interpreta-
tion of our results, we employ an instrumental-variable strategy that exploits regional variation 
in lightning strike frequency to predict 3G rollout, conditional on 2G coverage and other controls. 
Because lightning increases the cost of constructing and maintaining telecommunications infra-
structure, it generates plausibly exogenous variation in 3G expansion across regions (Chiplunkar 
and Goldberg, 2022; Guriev et al., 2021; Adema et al., 2022; Jain and Stemper, 2026). We note 
that our instrumental variable strategy loses precision when the sample is split to examine het-
erogeneous impacts, as the first stage coefficient becomes statistically insignificant for some 
smaller subsamples. Therefore, we rely on OLS regressions for all discussion of heterogeneity in 
the impact of 3G expansion across country income groups or by baseline level of 3G coverage.

Preview of findings

Global results: Our findings show that the labour market effects of 3G expansion are highly con-
text-dependent. In pooled OLS regressions, additional 3G coverage is associated with near-zero 
average effects on labour force participation, reflecting a small increase in the employment-to-pop-
ulation ratio that is broadly offset by a decline in the unemployment-to-population ratio. By contrast, 
the instrumental-variable estimates indicate more negative average effects: a 10-percentage-point 
increase in 3G coverage reduces labour force participation and the employment-to-population 
ratio by 1.3 and 2.7 percentage points respectively, while increasing the unemployment-to-pop-
ulation ratio by 1.4 percentage points. In both specifications, coverage and labour market out-
comes are measured in the same survey year, so these effects are contemporaneous by construc-
tion. These differences between OLS and instrumental variable (IV) estimates are informative. 
Our IV strategy identifies a local average treatment effect that appears to place more weight on 
upper-middle- and high-income contexts, which entered our sample already at advanced stag-
es of 3G diffusion, with average national coverage of 52 and 69 per cent respectively at the time 
of their earliest survey year, where the marginal returns to additional coverage expansion are 
therefore likely to be smaller or even negative.

Country-level heterogeneity: Looking beyond pooled averages, the results consistently point to 
strong heterogeneity by stage of digital diffusion and level of development. In countries with 
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low initial 3G coverage (i.e., those countries with coverage below the sample mean of 55.5 per 
cent when entering our sample), additional rollout is associated with higher labour force partici-
pation and employment, with particularly strong gains for women. By contrast, in countries with 
higher initial coverage, additional 3G expansion is associated with lower labour force participa-
tion, driven mainly by lower employment. A similar pattern emerges when splitting the sample 
by country income group. In low- and lower-middle-income countries, 3G rollout is associated 
with higher employment and lower unemployment, whereas in upper-middle- and high-income 
countries the average effects are mostly null in OLS, and the negative effects from the IV regres-
sions are concentrated in the more advanced economies that dominate the first stage. Taken 
together, these results suggest that the labour market effects of 3G expansion depend critically 
on where countries stand in the digital diffusion process: early rollout appears more likely to re-
lax binding information and access constraints, while later rollout may coincide with diminishing 
returns and labour market adjustment of a different nature.

Individual-level heterogeneity: The effects of 3G expansion also vary substantially across workers 
and across types of employment. Looking at heterogeneity by age, the negative IV effects are 
concentrated among older individuals, particularly those aged 55 and above, while younger in-
dividuals show more favourable participation responses. By education, gains in labour force par-
ticipation and employment are concentrated among workers with basic or intermediate educa-
tion, while both labour force participation rate (LFPR) and the employment-to-population ratio 
contract among individuals with advanced education. Finally, the estimates suggest somewhat 
more favourable employment effects for married women than for unmarried women. 

Employment composition: We also show that 3G expansion affects not only whether people work, 
but also the type of work they do. In lower-income settings, additional coverage is associated with 
shifts away from employee status and toward own-account and, for women, contributing fam-
ily work, pointing to a possible increase in vulnerable forms of employment. In more advanced 
contexts, the compositional shifts are more consistent with an increase in wage employment, 
reallocation out of agriculture and toward services and industry, and movement away from very 
small firms toward medium-sized firms. We further find that 3G expansion is not associated with 
significant changes in job quality, as measured by average weekly hours worked and the gender 
gap in monthly earnings among employees, for either gender, although we find some evidence 
that digital access may contribute to widening gender gaps in earnings in economically advanced 
contexts, and narrow them in lower-income and lower-coverage countries.

Gendered impacts: Finally, our analysis of female-to-male outcome ratios suggests that 3G expan-
sion does not systematically narrow gender gaps in labour market outcomes. The most robust 
gendered pattern is not a general convergence in employment or unemployment, but rather a 
worsening of relative outcomes for young women in poorer settings, where the female-to-male 
NEET ratio rises with 3G coverage. In richer countries, where coverage expansion occurs from 
already high baseline levels, the effects on gender gaps operate primarily through sectoral com-
position rather than overall labour market attachment: women become relatively more concen-
trated in services and less concentrated in industry, consistent with digital connectivity reinforc-
ing structural shifts already underway in these economies. 

Taken together, our findings caution against viewing mobile broadband expansion as a technol-
ogy with uniform labour market effects. Instead, 3G rollout reshapes labour force participation, 
employment composition, and gender inequalities in ways that vary systematically with coun-
tries’ stage of digital development, labour market structure, and the characteristics of the workers 
exposed to it. Although 3G has been superseded by newer technologies, it constituted the first 
large-scale expansion of mobile broadband worldwide. Studying its diffusion therefore provides 
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insights into how general-purpose digital technologies interact with labour markets, offering 
lessons that remain relevant as economies adapt to subsequent waves of technological change.

These findings contribute to the literature in three main ways. First, they provide evidence from 
a large and diverse cross-country sample that the labour market effects of mobile broadband 
are highly non-linear and context specific. Second, they show that focusing only on aggregate 
employment effects risks missing important shifts in the composition and quality of jobs. Third, 
they highlight that digital infrastructure policy alone is unlikely to deliver inclusive labour mar-
ket improvements unless accompanied by complementary interventions, including policies to 
support job quality, formalisation, and equal access to digital technologies for women and oth-
er disadvantaged groups.

The remainder of this paper is structured as follows. Section 1 reviews the literature on the im-
pact of digital access on labour market outcomes, with a focus on gender-disaggregated effects. 
Section 2 presents the data used in our analysis. Section 3 describes our empirical strategy, which 
uses OLS regressions with fixed effects and an instrumental variable approach that exploits vari-
ation in lightning frequency. We discuss our results on various labour market outcomes by gen-
der in Section 4. Section 5 provides robustness checks, and the last section concludes.
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	X 1	 Literature Review 

 

This paper contributes to two related strands of literature. The first examines the effects of dig-
ital infrastructure and internet access on labour market outcomes. The second, which builds 
directly on the first, focuses on whether and how digital expansion affects gender gaps in em-
ployment and job quality. 

1.1 Digital access and labour market outcomes
A number of studies have explored how mobile ownership, smartphone ownership, internet use, 
and broadband influence various economic outcomes, including labour force participation, em-
ployment, and sectoral composition. The evidence, however, is far from uniform, and a key di-
mension along which findings diverge is the stage of digital diffusion and the level of economic 
development of the country at the time of study.

Evidence from lower-coverage and earlier-diffusion contexts, where connectivity was still ex-
panding from a low base, generating high marginal returns to additional coverage, generally 
documents positive labour market effects, though with important nuance around job quality 
and composition. Early micro-level studies documented reductions in information frictions and 
improvements in job matching. In agricultural and informal settings in developing countries, 2G 
mobile coverage reduced price dispersion and expanded market access, primarily through voice 
calls and SMS rather than internet access (Aker and Fafchamps, 2015, covering Niger over 1999–
2008). In developed country contexts, Kuhn and Mansour (2014), studying the United States over 
2005–2008, find that unemployed workers who searched for jobs online were re-employed ap-
proximately 25 per cent faster than comparable workers who did not, pointing to reduced search 
frictions as a key mechanism through which connectivity improves labour market matching.

More recent work exploiting broader rollout of fast internet in developing contexts has similar-
ly found large positive effects on employment. Hjort and Poulsen (2019), exploiting the gradual 
arrival of submarine internet cables on Africa's coast between 2009 and 2014, a period during 
which only 13 per cent of Africans used the internet, find that the arrival of fast internet increased 
employment rates by between 3 and 13 per cent across 12 African countries. Importantly, these 
gains occurred broadly across the educational attainment range and did not displace jobs in 
unconnected areas, suggesting genuine net job creation rather than spatial reallocation. The 
employment gains were driven in part by increased firm entry, higher firm-level productivity, 
and expanded exports. Bahia et al. (2023) and Bahia et al. (2024) similarly find that exposure to 
3G expansion in Tanzania (2008 to 2013) and Nigeria (2010 to 2016) increased labour force par-
ticipation, wage and non-farm employment. Chiplunkar and Goldberg (2022), using data from 
fourteen developing countries between 2001 and 2016, a period when 3G coverage was still ex-
panding from low baselines, find that 3G expansion increased labour force participation and em-
ployment for both women and men, with shifts in occupational structure including movements 
toward wage employment and services. However, positive effects on employment levels do not 
always translate into improvements in job quality or formality. 

An early illustration of how the stage of diffusion shapes the nature of connectivity's labour mar-
ket effects comes from Kolko (2012), who studies the rapid diffusion of fixed broadband in the 
United States between 1999 and 2006, a period during which household availability rose from 
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near zero to approximately 85 per cent. Despite finding a positive relationship between broad-
band expansion and local employment growth, Kolko documents that the share of working-age 
adults employed was unaffected, as population inflows absorbed job gains without raising resi-
dents' likelihood of finding work. This divergence between aggregate employment growth and 
individual-level employment rates suggests that even within a single diffusion episode, the ben-
efits of connectivity may shift in nature as coverage matures, a pattern that motivates our focus 
on heterogeneity by stage of diffusion across countries.

The existing literature has comparatively little to say about what happens at later stages of diffu-
sion, when coverage is already high and the marginal returns to additional expansion are likely 
smaller. Most existing studies, including those from developed country contexts such as Kolko 
(2012) and Kuhn and Mansour (2014), studied periods of early or rapid rollout. This leaves open 
the question of whether the positive employment effects documented in low-coverage settings 
persist, diminish, or reverse as economies move further along the diffusion curve, a question 
that is directly relevant for policy as more countries approach near-universal coverage.

This gap in the literature motivates our analytical focus on heterogeneity by stage of diffusion 
and level of economic development. Our sample, which spans all income groups and covers a 
period during which average national 3G coverage ranged from 19 per cent in low-income coun-
tries to 69 per cent in high-income countries at the time of their earliest survey year, allows us 
to study both the early and later phases of digital diffusion within a single unified framework, 
and to provide direct evidence on a part of the diffusion curve that existing work has largely left 
unexamined.

1.2 Gender impact of digital access in labour outcomes
The literature on gender-specific effects of digital expansion mirrors the broader pattern docu-
mented in Section 1.1: findings tend to be positive in lower-coverage and lower-income contexts, 
while evidence from more advanced settings is sparse or absent. Most studies in this strand fo-
cus on developing countries or early-diffusion periods, which limits what can be inferred about 
how digital expansion shapes gender gaps across the full diffusion curve.

In lower-coverage and lower-income settings, increased internet access or mobile phone owner-
ship is broadly associated with higher female labour force participation and employment (Efobi 
et al., 2018; Klonner and Nolen, 2010; Ngoa and Song, 2021). Digital expansion has also been 
linked to increases in female non-farm employment, rural self-employment, and measures of 
women's economic empowerment (Li and Chen, 2025; Wang and Zhang, 2022; Rotondi et al., 
2020). These effects are typically attributed to reduced job search costs, improved information 
flows, enhanced market integration, and greater flexibility in balancing paid work with house-
hold responsibilities. As already discussed in Section 1.1, Chiplunkar and Goldberg (2022) pro-
vide the most comprehensive cross-country evidence in this vein, finding that 3G expansion in-
creased employment for both women and men across fourteen developing countries, though 
with gains that were often larger for men and accompanied by a shift of women toward more 
vulnerable forms of work including unpaid agricultural employment. Even in these broadly pos-
itive contexts, then, absolute employment gains for women do not necessarily translate into a 
narrowing of gender gaps in employment quality or earnings. A striking illustration comes from 
Barboni et al. (2024), who find that a smartphone distribution programme targeting women in 
rural India widened rather than narrowed gender disparities in employment and information 
access, as men in the same households made greater use of the distributed devices. This sug-
gests that positive effects of digital expansion on women's employment may depend not only 
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on connectivity levels but also on complementary barriers, such as digital skills or household 
bargaining power, that infrastructure alone cannot address (Begazo et al., 2023).

Evidence from single-country studies reinforces this nuance. Viollaz and Winkler (2021) show that 
broadband expansion in Jordan increased female labour force participation primarily among 
unmarried women, with stronger effects among older and more educated women, suggesting 
that gains are uneven within the female population even in settings where the overall direction 
is positive. Kusumawardhani et al. (2023), studying Indonesia over 2008–2018, find that while in-
ternet availability modestly increased young and low-educated women's probability of holding a 
full-time job, it simultaneously reduced their chances of holding a formal or skilled job, pointing 
again to a tension between employment quantity and quality. 

Critically, however, almost all of this evidence comes from developing country or early-diffusion 
contexts. Very little is known about how digital expansion affects gender gaps, as opposed to 
separate male and female outcomes, in more advanced or later-diffusion settings. Moreover, 
as noted in Section 1.1, studies rarely examine participation, employment, and unemployment 
jointly, which is particularly limiting for the study of gender gaps: a connectivity-driven increase 
in female participation that outpaces employment gains would raise female unemployment rath-
er than improve women's labour market position, a dynamic that examining employment alone 
would miss entirely. This paper addresses these gaps by examining gender ratios, rather than 
separate male and female outcomes, across a sample spanning all income groups and a wide 
range of baseline coverage levels, thereby evaluating the external validity of earlier findings and 
assessing how the effects of digital expansion on both labour market outcomes and gender gaps 
vary across income groups, stages of diffusion, and worker characteristics.
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	X 2	Data and Variables

 

This section describes the data used in our analysis and the variables that we construct and use 
in the regressions.

2.1 ILO Harmonized Microdata collection
A common challenge in cross-country analyses of digital expansion is the reliance on heteroge-
neous data sources, often combining population censuses, household surveys, and labour force 
surveys into a panel format. While censuses provide broad coverage, they are not always de-
signed to measure labour market dynamics according to internationally harmonized statistical 
standards, particularly with respect to definitions of employment and unemployment. Moreover, 
mixing different survey instruments over time may introduce artificial variation arising from 
changes in questionnaire design, sampling frames, or definitions rather than genuine labour 
market shifts. Such inconsistencies can generate measurement noise and bias estimated effects.

The ILO Harmonized Microdata collection addresses these concerns by collating labour force sur-
veys, household surveys, and censuses from over 180 countries and harmonizing them to ensure 
cross-country and intertemporal comparability. All dependent variables used in our analysis are 
drawn from this harmonized dataset. We prioritize labour force surveys whenever available, as 
they follow internationally agreed statistical standards for measuring employment, unemploy-
ment, and labour force status. In addition, we implement cleaning procedures to retain only se-
ries that are comparable over time, excluding survey waves where definitional changes or meth-
odological breaks compromise consistency. These steps aim to ensure that variation in labour 
market outcomes reflects real economic changes rather than inconsistencies in survey design.

For the purpose of this analysis, we apply the following criteria for survey and sample selection. 
First, we compile all available microdata from 2004 to 2024. This period coincides with the time 
when the 3G mobile internet technology was developed and rapidly expanded, and for which we 
also have information on 3G mobile internet coverage (see more details below). Second, as our 
analysis exploits variation in mobile internet coverage across regions within a country and over 
time, we restrict the analysis sample to surveys from the ILO Harmonized Microdata collection 
that contain information on the region of residence of respondents. 

With regard to geographical information from the ILO microdata, in 2023 the ILO launched a ge-
ocoding exercise in which selected surveys from the ILO Harmonized Microdata collection were 
harmonized to record information on sub-national geographic variables for each country and 
year. The sub-national regions may be defined by districts, counties, municipalities, or states. For 
the purpose of our analysis, we retain all surveys that include information on the sub-national 
location of residence of respondents, and where we could match this geographical information 
to standard levels of regional boundaries.2

In terms of sample selection, we restrict the sample to individuals of at least 15 years of age 
(working-age individuals), as our primary interest is investigating the impact of 3G mobile inter-
net expansion on labour market outcomes.

2 Annex Table A1 reports the sources of all administrative level shapefiles used in this paper.
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2.2 Mobile coverage data
We use global maps of 2G and 3G network coverage from 2009 to 2022 collected by Collins 
Bartholomew’s Mobile Coverage Explorer. These maps are generated from submissions by mo-
bile operators who are members of the Global System for Mobile Association (GSMA). Each an-
nual map consists of 1x1 km grid cells that contain information on whether there is 2G or 3G 
coverage.3 Figure 1 displays an example of 3G coverage for Mexico in 2009, 2014 and 2022. For 
each year, areas shown in mustard colour had 3G coverage and areas in white did not. We com-
bine these mobile network data with population density maps from 20104 to create popula-
tion-weighted measures of 2G and 3G coverage for each subnational region. 

	X Figure 1. 3G coverage in Mexico in 2009, 2014 and 2022

(a) 2009 (b) 2014 (c) 2022

An important feature of the Collins Bartholomew dataset is that the maps may reflect the under-
lying coverage information of the year it was last updated. Mobile operators only update their 
submissions intermittently, and the most recent available coverage information is carried for-
ward until a new update is received. Although the earliest maps we use are dated 2009, for some 
countries the underlying data used to populate the 2009 map originate from earlier years. Collins 
Bartholomew has a historical series and for the countries in our sample, the earliest underlying 
3G coverage information dates as far back as 2004. Thus, if no new operator submissions were 
made between 2004 and 2009, the 2009 map reflects the 2004 coverage configuration.

A further limitation is that Collins Bartholomew maps do not capture all operators, and some 
report infrequently, meaning that reported and actual coverage may not coincide and under-
coverage is likely. Nonetheless, to our knowledge no globally comparable alternative current-
ly exists. One emerging approach uses social media data to construct subnational estimates of 
mobile internet adoption by gender (Breen et al., 2025; Kashyap et al., 2020), but such data are 
proprietary, not easily accessible, and available only from 2015 onwards, which would substan-
tially limit our sample period. We therefore rely on Collins Bartholomew as the most comprehen-
sive and consistent global source currently available, while remaining mindful of its limitations.

3 The data assume that if a cell is covered by 3G, it would also have 2G coverage. This reflects the standard deployment sequence 
whereby operators virtually never establish 3G coverage in areas without prior 2G coverage, and is consistent with the approach tak-
en in related studies using similar mobile coverage data (Chiplunkar and Goldberg, 2022).

4 Population density maps come from the Gridded Population of the World (GPW) collection, now in its fourth version (GPWv4) adjust-
ed to population totals from the United Nations World Population Prospects: The 2015 Revision.
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With these limitations in mind, and to ensure that our 3G coverage measure reflects reasonably 
recent network information, we apply a cleaning rule based on the timeliness of operator up-
dates. For each country, we retain coverage observations only for years in which the most recent 
underlying operator submission is no more than three years old.5 For example, if Zimbabwe last 
reported a 3G network update in 2019, we treat the 3G coverage maps valid for labour force sur-
veys conducted in 2019, 2020, 2021, and 2022. However, a labour force survey from 2024 would 
not be paired with the 2019 3G map because the underlying information is more than three years 
old. Moreover, the last reported 3G network data is only used once for the nearest available sur-
vey year. For example, if Zimbabwe has no labour force survey data for 2019, but had data for 
2021 and 2022, Zimbabwe’s 2019 3G map will be matched with the 2021 labour force survey, but 
not with the labour force survey from 2022. The reason is that there would be no variation in 3G 
coverage over time between these two surveys, as 3G coverage information would be artificially 
carried forward for two years instead of one. 

This cleaning and matching procedure ensures that our measure of digital connectivity reflects 
near-contemporaneous network conditions rather than outdated operator reports. Importantly, 
it also prevents the mechanical reuse of identical coverage maps across multiple survey years, 
which would otherwise introduce artificial serial correlation in the measurement of 3G coverage. 
By restricting repeated matches of unchanged network configurations, we ensure that the iden-
tifying variation in the regressions corresponds to genuine changes in underlying infrastructure 
expansion rather than duplicated observations. As a result, the effective sample size more accu-
rately reflects independent variation in 3G deployment across regions and over time.6 

2.3 Sample selection
The final sample is restricted by the availability of data from (i) outcome variables from the ILO 
Harmonized Microdata collection at the sub-national level, and (ii) 2G and 3G coverage data. Table 
1 summarises the sample used in the analysis. The 52 countries with data on at least labour force 
participation rates and 3G coverage represent 28 per cent of both the global population and 
the global labour force. While not globally representative, the sample spans all income levels: 4 
low-income, 8 lower-middle-income, 16 upper-middle-income, and 24 high-income countries, 
covering between 15 and 55 per cent of each income group's labour force.

The sample also captures meaningful variation in the stage of digital diffusion, which is central 
to our analysis. With survey years spanning from 2004 to 2023, our sample covers a large arc of 
3G expansion, from its early rollout to near-universal coverage in some contexts.  This time ho-
rizon, combined with the income group diversity of the sample, means we observe countries at 
very different stages of the diffusion process. High-income countries enter the sample as early 
as 2004, already at an average national 3G coverage of 69 per cent, while low-income countries 
enter later, from 2012 onward, at an average coverage of only 19 per cent. By the latest survey 
year, coverage had increased substantially across all groups, reaching 34 per cent in low-income 

5 The three-year threshold is a pragmatic choice balancing data currency against sample size. We verified that our main results are 
robust to alternative thresholds: using a two-year window yields a smaller sample but qualitatively similar results, while a four-year 
window retains more observations without meaningfully altering the estimates.

6 We note that this cleaning procedure differs substantially from existing papers that make use of 3G data from the Collins Bartholomew’s 
Mobile Coverage Explorer, in that most existing work carries forward submitted information on 3G coverage for all years until a new 
submission is made by a mobile operator. As a result, most existing work relies on mobile coverage data that is artificially repeated 
over time.
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countries and 98 per cent in high-income countries, with the overall sample average rising from 
56 to 81 per cent. This variation, both across income groups at a point in time and within coun-
tries over the sample period, provides the identifying variation exploited in our empirical strate-
gy and allows us to study both early and later phases of digital diffusion within a single unified 
framework. Across all countries, the sample comprises 831 sub-national regions, including dis-
tricts, counties, states, and municipalities, and 4,007 sub-national region-years.

	X Table 1. Summary of countries in sample and representativeness

No. of 
countries 

No. of 
regions

% of coun-
tries*

% of group 
labour 
force 

Earliest and 
latest sur-
vey  year

Mean 3G 
coverage in 
earliest sur-
vey year (% 
national)

Mean 3G cov-
erage in lat-
est survey 
year (% na-
tional)

All sample 52 831 28 28 2004-2023 56 81

Low-income 4 39 15 15 2012-2021 19 34

Lower-middle 
income

8 175 21 15 2006-2023 39 65

Upper-middle 
income

16 303 32 28 2009-2023 52 76

High-income 24 314 38 55 2004-2023 69 98

Note: *Out of the 189 countries included in the ILO modelled estimates. 

2.4 Variable definitions

Outcome variables from the ILO Harmonized Microdata collection
We start our analysis by looking at the extensive margin of participation in the labour force, then 
examine the composition of the employed population and finally analyse measures of job qual-
ity, as follows.

Extensive-margin labour market outcomes: We first examine the extensive margin of labour 
market adjustment by studying whether 3G coverage affects labour force participation and, 
conditional on participation, whether adjustment occurs through employment or unemploy-
ment. Labour force participation captures all individuals who are either in work (employed) or 
without employment, available for work and seeking work (unemployed), and examining both 
margins separately allows us to assess whether 3G coverage shifts the overall size of the active 
labour force, the share of that labour force that finds employment, or both. We consider three 
region-year outcomes: the labour force participation rate, defined as the labour force divided 
by the population aged 15 and above; the employment-to-population ratio, defined as total 
employment divided by the population aged 15 and above; and the unemployment-to-popu-
lation ratio, defined as the number of unemployed individuals divided by the population aged 
15 and above. All three variables are expressed with the population aged 15 and above as the 
denominator, so that changes in labour force participation, employment, and unemployment 
are measured relative to the same underlying population base. By construction, the sum of the 
employment-to-population ratio and the unemployment-to-population ratio yields the labour 
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force participation rate. Finally, we examine whether 3G coverage is associated with changes in 
attachment to both work and education for the youth by looking at the NEET rate, defined as the 
share of youth (15-24) who are not in employment, education, or training.

Employment composition by status in employment: We next examine whether 3G cover-
age affects the composition of employment across different employment statuses. Specifically, 
we consider the shares of employers, contributing family workers, own-account workers, and 
employees in total employment.7 Each variable is defined as the number of employed individ-
uals in the relevant category divided by total employment in the region-year.8 These measures 
capture whether digital expansion is associated with shifts in the type of work, for example be-
tween wage employment and self-employment or between more and less formal forms of la-
bour market attachment.

Sectoral composition of employment: We also study whether 3G coverage affects the sectoral 
composition of employment. We construct the shares of employment in agriculture, industry 
and services, each defined as employment in the relevant sector divided by total employment in 
the region-year. The three variables for sectoral employment shares sum to 1. These variables 
capture whether digital expansion is associated with a structural reallocation of labour across 
sectors of economic activity.

Employment composition by firm size: To study whether 3G coverage is associated with shifts 
in the distribution of employment across firms of different sizes, we construct measures of the 
employment share in firms with 1 to 4 workers, 5 to 49 workers, and 50 or more workers. Each 
variable is defined as employment in the corresponding firm-size category divided by total em-
ployment in a region-year.

Job quality and gender earnings gaps: We examine two additional outcomes among people 
in employment. First, we look at average weekly hours worked, measured as the mean number 
of hours worked per week by all people in employment, for the total population as well as for 
women and men separately. Second, we examine gender gaps in earnings among employees. 
Due to difficulties in comparing earnings levels across countries and over time, we construct this 
measure as the ratio of mean monthly labour income of female employees to that of male em-
ployees in a given region, using survey-based reported earnings data. This ratio captures wheth-
er 3G expansion is associated with a narrowing or widening of the gender earnings gap, rather 
than serving as a measure of absolute job quality.

Variables from geocoded data
We use geocoded data to obtain information on our main variable of interest, 3G coverage, as 
well as our instrument (a function of lightning strike frequency) and regional controls.

3G coverage: Our main measure of digital access is 3G coverage, defined as the population 
share covered by a 3G signal in region and year. This measure is constructed from georeferenced 
raster data at 1 km × 1 km resolution, where for each grid cell we obtain information on local 

7 Employers are defined as those who operate their own business and hire at least one employee. Own-account workers are self-em-
ployed individuals who do not hire others. Contributing family workers are those who work without pay in a business operated by a 
household member. Employees are workers who hold paid employment jobs. Each variable is defined as the number of employed 
individuals in the relevant category divided by total employment

8 For all subcategories of employment, including sectors and employment status, a very small percentage of employed individuals are 
uncategorized and thus can be assumed to be close to zero.
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population from the GPW and an indicator for whether 3G service is available from the Collins 
Bartholomew’s Mobile Coverage Explorer. For each subnational region-year, we sum the pop-
ulation living in cells with 3G availability and divide by the total population across all cells in the 
region. For all mobile coverage data years, we use the 2010 population as reference. The result-
ing variable ranges from 0 to 100 and captures the extent to which the regional population is 
exposed to 3G network coverage. For each country, we define regions based on the administra-
tive boundaries that correspond to the information contained in the ILO Harmonized Microdata.

2G coverage: We additionally construct a measure of 2G coverage following similar steps as for 
our main variable of interest – 3G coverage. If in a given year information on 2G coverage has 
not been reported by mobile operators, we use 2G coverage data from the latest available year 
for each region. Note that for a given cell to receive 3G signal does automatically imply that it 
also receives 2G signal, but not vice versa, as the 3G technology requires updated infrastruc-
ture to be deployed. We use the measure of 2G coverage as control, to account for any effects 
of technological development in a given region other than 3G mobile access that might impact 
labour market outcomes.

Lightning strikes: We measure lightning strike exposure at the region level using georeferenced 
raster data at 1 km × 1 km resolution, where for each grid cell we obtain information on the av-
erage monthly frequency of lightning strikes over the 2010–2023 period from the World Wide 
Lightning Location Network (WWLLN) Global Lightning Climatology (WGLC). For each subnational 
region, we aggregate cell-level lightning strike frequency using 2010 population weights, so that 
cells with larger populations contribute proportionally more to the regional measure. This yields 
a time-invariant measure of lightning strike exposure for each region. We then define an indica-
tor equal to one if a region’s lightning strike frequency is above the median across all regions in 
the sample, and zero otherwise. Our instrument is constructed by interacting this above-medi-
an indicator with year fixed effects.

Rainfall: We collect information on rainfall from the Climate Hazards Center Infrared Precipitation 
with Stations (CHIRPS v3) and construct a yearly measure of average, population-weighted rain-
fall for all subnational regions in our sample.9

Summary statistics
Table 2 presents summary statistics for the sample used in the analysis, providing an overview 
of key labour market outcomes and demographic characteristics for each region’s earliest year 
in the sample. The average regional labour force participation rate in the first available survey 
year was 62.4 per cent, and the unemployment-to-population ratio was 4.8 per cent. Most work-
ers in the first survey year were employees (68.8%), followed by own-account workers (22.5%), 
contributing family workers (6.1%), and employers (2.7%).

When examining these percentages by gender, the largest differences are that women are more 
likely to be contributing family workers than men, while men are more likely to be own-account 
workers. Regarding sectors, women tend to concentrate in the service sector (73.3%), while men 
are a bit less concentrated between agricultural (17.6%), manufacturing (29.5%) and services 
(52.9%). The share of youth classified as NEET (not in employment, education, or training) is 17.4 
per cent, with young women having NEET rates that are 8.3 percentage points higher than those 

9 Climate Hazards Center Infrared Precipitation with Stations version 3. CHIRPS3 Data Repository https://doi.org/10.15780/G2JQ0P (2025). 
Data was accessed on 9 September 2025.
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of young men on average across the regions in the sample. Differences in the share of employ-
ees are smaller, with women having slightly higher shares. In contrast, men are more likely to 
be employers than women. Finally, employed men spend on average 5.8 hours more per week 
on paid work than employed women. 

The average change in 3G coverage between the first and most recent year for the subregions 
was 27.4 percentage points, and the median change was 18.0 percentage points. Thus, there is 
substantial average variation in 3G coverage over time within our sample.

	X Table 2. Summary statistics for earliest year in sample of main dependent variable and endogenous varia-
ble by sex

Mean Median SD Min Max

Panel A: Total

Labour force participation rate 62.4 63.2 8.6 32.6 93.1

Employment-to-population ratio 57.6 57.9 9.5 27.5 92.9

Employment-to-population ratio for married 
individuals

66.7 65.4 9.4 39.9 98.6

Unemployment-to-population ratio 4.8 4.7 2.8 0.0 24.5

NEET rate 17.4 16.9 8.1 0.0 58.8

Weekly hours actually worked in all jobs per 
employed person

40.2 39.2 3.7 20.1 57.3

Share of employers 2.7 2.4 3.7 0.0 27.4

Share of contributing family workers 6.1 1.6 8.9 0.0 70.5

Share of own account workers 22.5 19.1 15.7 2.7 90.5

Share of employees 68.8 75.3 22.4 3.7 94.9

Average monthly earnings of employees 
(USD)

1378.0 695.7 1308.9 27.5 4695.8

Share of agricultural and elementary employ-
ment

16.3 6.0 20.0 0.0 95.5

Share of employment in the service sector 61.5 66.0 17.5 2.6 93.7

Share of employment in firms with 1 to 4 
workers

48.2 40.5 23.3 7.3 100.0

Share of employment in firms with 5 to 49 
workers

26.9 26.5 11.6 0.0 59.2

Share of employment in firms with 50 or 
more workers

24.9 26.6 15.3 0.0 82.9

3G regional coverage 54.3 58.2 31.3 0.0 100.0

Panel B: Women

Labour force participation rate 52.0 53.9 12.6 10.3 92.1

Employment-to-population ratio 47.8 49.1 12.9 6.9 91.9

Employment-to-population ratio for married 
individuals

52.9 54.2 15.6 4.6 99.2

Unemployment-to-population ratio 4.2 4.1 2.6 0.0 25.0
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NEET rate 21.6 20.0 12.4 0.0 75.1

Weekly hours actually worked in all jobs per 
employed person

36.8 36.2 4.4 13.4 54.9

Share of employers 1.3 1.1 1.5 0.0 14.4

Share of contributing family workers 9.8 2.5 14.4 0.0 84.0

Share of own account workers 19.5 14.9 16.2 0.0 98.0

Share of employees 69.5 79.7 25.6 0.0 100.0

Average monthly earnings of employees 
(USD)

1175.1 637.6 1088.5 13.6 4390.7

Share of agricultural and elementary employ-
ment

14.2 3.2 20.7 0.0 98.7

Share of employment in the service sector 73.3 82.1 21.0 1.3 100.0

Share of employment in firms with 1 to 4 
workers

47.5 45.4 26.5 0.0 100.0

Share of employment in firms with 5 to 49 
workers

26.7 27.2 14.2 0.0 72.4

Share of employment in firms with 50 or 
more workers

25.8 26.6 17.1 0.0 93.2

Panel C: Men

Labour force participation rate 73.3 73.5 8.0 42.7 100.0

Employment-to-population ratio 67.9 68.3 9.7 32.8 93.9

Employment-to-population ratio for married 
individuals

80.8 81.5 9.3 50.0 100.0

Unemployment-to-population ratio 5.4 5.1 3.2 0.0 24.9

NEET rate 13.3 13.4 6.0 0.0 48.9

Weekly hours actually worked in all jobs per 
employed person

42.6 41.4 3.4 26.4 59.5

Share of employers 3.4 3.1 4.5 0.0 32.1

Share of contributing family workers 3.8 1.0 6.0 0.0 58.5

Share of own account workers 24.5 20.2 15.9 0.7 87.4

Share of employees 68.3 72.8 20.4 5.4 94.7

Average monthly earnings of employees 
(USD)

1562.5 718.3 1531.5 29.0 5567.0

Share of agricultural and elementary employ-
ment

17.6 7.8 20.0 0.0 95.3

Share of employment in the service sector 52.9 54.6 15.2 4.1 90.6

Share of employment in firms with 1 to 4 
workers

47.3 39.7 22.9 7.4 100.0

Share of employment in firms with 5 to 49 
workers

27.6 28.0 11.4 0.0 66.4

Share of employment in firms with 50 or 
more workers

25.0 27.9 15.3 0.0 79.2
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Panel D: Difference between first and latest 
year in sample

Change in 3G coverage (p.p.) 27.4 18.0 28.9 0.0 100.0

Note: Summary statistics presented for the earliest year within the sample for each country. Source:  ILO Harmonized Microdata 
collection and Collins Bartholomew’s Mobile Coverage Explorer.
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	X 3	Empirical Strategy

 

3.1 Estimation approach
To identify the causal impact of access to 3G mobile coverage on the labour market outcomes of 
women and men, we employ an instrumental variable approach with fixed effects. For each re-
gion r and year t, we construct measures of labour market outcomes that are either: (1) defined 
as the fraction of individuals in rt who report a given outcome, for example, employment (i.e., the 
employment-to-population ratio), unemployment, the labour force; (2) shares of different employ-
ment categories within total employment in rt (e.g., employment by status, sector or firm size); 
(3) gender ratios, calculated as the ratio of the outcome for women to that for men, for example 
the ratio of female to male employees’ monthly pay; or (4) outcomes in levels for our measures 
of employment quality, i.e. average weekly hours actually worked.10  We calculate these meas-
ures using population weights at the rt level for men and women separately (except for gender 
ratios). We construct weights for each outcome as the ratio of a country’s 2010 population to the 
maximum number of non-missing observations available for that outcome within the country, 
calculated separately by sex. This weighting scheme ensures that regions from countries with 
fewer available survey years are not systematically downweighted relative to those with more 
observations, while still anchoring the weights to a fixed population benchmark. In practice, the 
weights are proportional to population size, adjusted for data availability.

First, we estimate the following OLS regression specification:

Y rt �r �t � 3G Cover gert X rt � �rt

where Y rt denotes the outcomes of interest (e.g., employment-to-population ratio, unemploy-
ment-to-population ratio, share of employment type, etc.). αr represents region fixed effects that 
control for all observable and unobservable time-invariant characteristics of a region, while αt  
represents year fixed effects, capturing common changes across all regions over time. Xrt is a 
vector of geographic controls (2G coverage and rainfall) that may affect the provision of 3G cov-
erage in these areas as well as the outcome of interest. The inclusion of 2G coverage by region 
and year helps isolate the effect of 3G coverage, distinguishing it from broader trends in cell 
phone coverage that may be linked to labour market developments. 

A natural extension would be to examine whether effects are immediate or accumulate over time, 
as some studies find accumulated impacts of mobile internet on economic outcomes (Bahia et 
al., 2024). However, the irregular spacing of surveys across countries, with some countries hav-
ing as few as two observations in total, makes both a lagged analysis and a formal examination 
of effect accumulation infeasible, as lags would represent different time horizons across coun-
tries and yield non-comparable estimates. Furthermore, countries with a sufficient number of 
observations to construct lags are predominantly high-income, meaning any lagged analysis 
would not be representative of the full cross-country variation that motivates our paper. We ac-
knowledge this as a direction for future research as higher-frequency harmonised data becomes 
available across a broader set of countries.

10 Note that for gender ratios, whenever either the denominator or the numerator is zero, the corresponding gender ratio is not con-
structed.
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While the inclusion of region and time fixed effects helps mitigate concerns about omitted-vari-
able bias by absorbing time-invariant regional characteristics and common time trends, reverse 
causality remains a concern since 3G rollout may be endogenous to contemporaneous local eco-
nomic conditions. We therefore additionally employ an instrumental variable approach to further 
tighten the causal interpretation of our coefficient of interest, β  Because the rollout of 3G net-
works may be endogenous to (unobserved) local economic conditions, we instrument 3G cover-
age using the interaction between an indicator for whether a region has above-median lightning 
strike frequency and year fixed effects. As can be seen from Figure A1, higher lightning strike fre-
quency is significantly associated with lower 3G coverage at the regional level, especially in the 
early years of 3G rollout. The first stage therefore exploits differential changes over time in 3G 
rollout between high- and low-lightning regions, and the second stage uses this predicted var-
iation to estimate the causal effect of 3G coverage on labour market outcomes. The first-stage 
equation we estimate is as follows:

3GCover gert � r � t � Lightningr Ye rt X rt � �rt

where  Lightningr Ye rt is the indicator for a region having lightning frequency above median, 
interacted with year fixed effects.

3.2 Identifying assumptions
The validity of our empirical strategy rests on two conditions. First, relevance: regional lightning 
strike frequency must be a strong predictor of 3G rollout, conditional on 2G coverage and oth-
er controls. Figure A1 provides visual evidence supporting this relationship: regions with be-
low-median lightning strike frequency consistently exhibit higher 3G coverage than regions with 
above-median frequency throughout the entire period, with a gap of approximately 20 percent-
age points in most years. However, the figure also reveals that this gap remains relatively stable 
over time, with both groups expanding at broadly similar rates. This implies that the instrument 
operates primarily through cross-sectional differences in coverage levels between regions rath-
er than through differential trends in the pace of rollout. Once region fixed effects are included, 
which absorb these time-invariant cross-sectional differences, the identifying variation comes 
from the more modest differential in the rate of 3G expansion between high- and low-lightning 
regions over time. This explains why the first-stage F-statistic of 9.2, while meeting conventional 
thresholds, sits at the boundary of standard weak instrument criteria.

Second, the exclusion restriction requires that lightning frequency affects labour market out-
comes only through its effect on 3G coverage. The primary mechanism through which lightning 
affects 3G deployment is by raising infrastructure costs: lightning strikes damage telecom equip-
ment and increase outage risk, making deployment in high-lightning areas more costly and less 
attractive for mobile operators. Since 2G and 3G require distinct tower infrastructure, this cost 
increase applies to 3G rollout even in areas already covered by 2G.

We use a time-invariant measure of long-run average lightning density rather than year-by-
year variation, which reduces the risk that our instrument captures time-varying climate-driven 
shocks rather than structural geographic differences in infrastructure costs. Nonetheless, sev-
eral potential threats to the exclusion restriction warrant discussion. Lightning frequency may 
correlate with climate conditions that independently affect labour markets through agricultural 
productivity; we address this by controlling for rainfall, the most direct climate-related channel. 
A further concern is the concurrent expansion of physical infrastructure, notably electricity grids 
and transport networks, which both lowers the cost of deploying 3G and independently improves 
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labour market conditions. A more serious concern is that lightning-ignited wildfires or damage to 
electricity grids could disrupt local economic activity directly, independently of 3G. While we can-
not fully rule out these channels, we note that our instrument has been validated across a wide 
range of outcomes and contexts in the existing literature11, and that our OLS results, which do 
not rely on the exclusion restriction, point in qualitatively similar directions, lending confidence 
that the IV results are not driven by instrument invalidity alone.

Given the inherent difficulty of fully validating any exclusion restriction, we treat the IV estimates 
as complementary to rather than strictly superior to the OLS results. The OLS specification with 
region and time fixed effects and 2G coverage controls already addresses the most important 
sources of omitted variable bias, including the concurrent expansion of physical infrastructure 
such as electricity grids and transport networks, which both lowers the cost of 3G deployment 
and independently improves labour market conditions, and which region fixed effects absorb to 
the extent that such expansion is time-invariant or slow-moving. The consistency between OLS 
and IV directions across specifications provides additional credibility to our findings.

11 The lightning-strike instrument on 3G impacts has been used across a range of contexts, including protests and mobilization (Manacorda 
and Tesei, 2020), emigration intentions (Adema et al., 2022), employment outcomes (Chiplunkar and Goldberg, 2022), firm-level out-
comes (Caldarola, 2022), financial analysts’ performance (Fang et al., 2023), and policy and social outcomes (Rezki, 2023). 
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	X 4	Results

 

Our analysis examines how expanded 3G coverage affects different dimensions of labour mar-
ket performance for the total population and by sex. We begin by studying core indicators that 
capture whether individuals are working, seeking work or outside the labour force entirely. We 
also explore heterogeneity by looking at individuals from different age groups, education levels 
and marital status. Finally, after analysing shifts in the overall pool of workers and jobseekers, 
we focus on how 3G coverage relates to the type of jobs people hold, differentiating by type of 
employment, sector and firm size. 

4.1 Labour force participation and labour force composition
Table 3 reports the baseline OLS estimates of the relationship between 3G coverage and labour 
market status in the working-age population (those aged 15+), considering labour force partic-
ipation, the employment-to-population ratio, the unemployment-to-population ratio, as well as 
the share of youth aged 15-24 not in employment, education or training (NEET). We begin with 
OLS estimates for the full sample and then contrast them with results from our instrumental 
variable approach (see Table 4), reporting outcomes for the total population (Panel A) and sep-
arately for women and men (Panels B and C, respectively).

The OLS results suggest near-null average effects of 3G expansion on aggregate labour force 
participation rate for the total population. This pattern is driven by a statistically significant, albeit 
small in magnitude, increase in the employment-to-population ratio (EMP2POP), offset by a de-
crease in the unemployment-to-population ratio (UNE2POP), meaning that 3G coverage seems 
to be associated with a reallocation of the labour force from unemployment to employment, 
rather than increase participation overall. Across genders, the OLS coefficients of 3G coverage 
on LFPR remain statistically insignificant and close to zero for both men and women. The em-
ployment-to-population ratio increase that we find for the total population is driven by quanti-
tatively similar employment increases for both men and women (although the coefficient is only 
significant at conventional levels in the male regression), whereas women exposed to additional 
3G rollout see a slightly stronger decrease in unemployment in the full sample. Taken together, 
the OLS estimates do not indicate a broad-based increase in labour force participation following 
3G rollout in the total sample of 52 countries. 

However, column 4 of Table 3 suggests that 3G coverage is associated with deteriorating outcomes 
for youth, to the extent that the NEET rate increases by 0.2 percentage points for a 10-percent-
age-point increase in 3G rollout on average, although the coefficient is not significant at conven-
tional levels. To put this increment in context, the average change in 3G coverage across subna-
tional regions between the first and last survey year in our sample was 27.4 percentage points, 
with a median of 18 percentage points and considerable dispersion. A 10-percentage-point in-
crease therefore represents a meaningful but not unusually large shift. Given an average NEET 
rate of 17.4 per cent in the first survey year across the 52 countries in the sample, a 0.2 percent-
age point increase corresponds to an increase of 1.1 per cent over the sample mean. The asso-
ciation between 3G rollout and the NEET rate is slightly stronger for women than it is for men. 
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	X Table 3. OLS results for the impact of regional 3G coverage on labour market outcomes

  LFPR EMP2POP UNE2POP NEET rate

Panel A: Total

3G coverage (%) 0.01 0.01** -0.01 0.02

(.01) (.01) (.00) (.02)

R2 (within) .067 .088 .257 .089

Panel B: Women

3G coverage (%) 0.0 0.01 -0.01* 0.03

(.01) (.01) (.00) (.02)

R2 (within) .065 .096 .204 .091

Panel C: Men

3G coverage (%) 0.01 0.01* 0.0 0.02

(.01) (.01) (.01) (.02)

R2 (within) .109 .085 .272 .097

N 4007 4007 4007 4007

N. regions 831 831 831 831

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100) controlling for region and year fixed effects and region-specific controls. Standard errors clustered at the sub-
national region level reported below coefficients. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

Our OLS estimates control for two variables that allow to exclude that our coefficient of interest 
is biased by region-specific or time-specific trends, or by other telecommunication infrastructure 
development more broadly, as for example the rollout of 2G mobile internet. However, they re-
main subject to the risk of bias arising from unobserved factors that influence both 3G rollout 
and labour market outcomes. For this reason, we compare our OLS estimates with estimates 
from the instrumental variable approach, that provides a tighter causal interpretation of the ef-
fect of 3G rollout on labour market outcomes. Table 4 reports IV results for our main variables 
of labour force participation and composition. The first stage results show that our instrument, 
constructed by interacting the dummy for lightning frequency above the global median with 
year fixed effects, strongly predicts 3G rollout in the analysis sample: in regions with above-me-
dian lightning frequency, 3G coverage grows by 0.74 percentage points less than in regions with 
below-median lightning strike frequency. We note, however, that due to the double estimation 
step and resulting increase in estimation error, we can leverage our IV strategy only on the full 
sample of 52 countries, whereas any sample split based on country-characteristics leads to lack 
of power in our first-stage specification. Therefore, this section reports IV results only for the full 
sample of 52 countries and goes back to OLS estimates to comment on any heterogeneous ef-
fect of 3G coverage by country groups.

Looking at the second-stage results, the coefficients from the IV estimates paint a more negative 
picture than the findings from the OLS regressions. Instrumenting 3G coverage with a function 
of lightning strike frequency, we find that increases in coverage are associated with declines in 
labour force participation in the full sample: a 10 percentage-point increase in 3G coverage leads 
to a 1.3 percentage-point decline in LFPR, which corresponds to a decline of 2.1 per cent over the 
baseline mean of 62.4 per cent. This decline is driven by a 2.7 percentage-point decline in the 
EMP2POP ratio, which more than offsets the positive 1.4 percentage point effect of additional 
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3G coverage on the likelihood of seeking and being available for work (UNE2POP). Similar to the 
OLS results, gender differences in the effects of 3G coverage on labour force participation and 
status appear rather muted.

Across outcomes, the IV coefficients for the impact of 3G on labour force attachment and com-
position are consistently below the corresponding OLS estimates, indicating that instrumenting 
for 3G coverage shifts the results in a negative direction relative to OLS. The contrast between 
the OLS and IV coefficients is informative. While OLS estimates likely reflect endogenous rollout 
consistent with upward bias, with 3G expanding earlier in regions with stronger labour market 
growth trajectories, the IV strategy isolates variation in 3G coverage driven by exogenous differ-
ences in baseline lightning density. As a result, the IV coefficients can be interpreted as a local 
average treatment effect for the compliers, or in other words, they capture the impact of 3G ex-
pansion for regions where 3G rollout is more responsive to these exogenous factors. The more 
negative IV coefficients suggest that either OLS estimates are biased upward, and hence the 
causal effect of 3G coverage on labour market outcomes is more negative than implied by the 
OLS regression, or that in our analysis sample the local average treatment effect estimated by 
the IV coefficients is driven by countries where the labour market consequences of additional 
3G expansion are less favourable than in the average country. 

We can investigate whether the variation in our first stage regressions is coming from a specific 
set of countries by looking at how the relationship between lightning strike density and 3G roll-
out in the first stage of the IV approach changes when removing specific (subsets of) countries 
from the sample. Figure A2 shows the “leave-one-out” first-stage coefficient of our instrument 
on 3G coverage, where each bar corresponds to regressions run on a sample that excludes the 
countries belonging to the income group labelled at the bottom of the figure.12 The graph shows 
that the instrument primarily shifts coverage in upper-middle- and high-income countries that 
were already relatively advanced in mobile internet diffusion, and which also constitute the vast 
majority of our observations. Indeed, when removing high-income or upper-middle-income coun-
tries from the sample, the first stage coefficient becomes insignificant and even switches sign.  
While our weighting scheme ensures that countries with fewer available survey years are not 
systematically downweighted within their income group, it does not alter the fact that high- and 
upper-middle-income countries constitute the majority of countries and regions in the sample. 
The instrument therefore draws disproportionately on variation from these contexts, a limita-
tion that the weights cannot fully address. We note that high- and upper-middle-income coun-
tries are contexts where marginal gains from further coverage expansion are likely to be small-
er and displacement effects more likely (Briglauer et al., 2024). Therefore, the IV estimate could 
be negative even when the pooled OLS estimate is close to zero, as the variation it is leveraging 
comes from a set of countries where the additional expansion of 3G rollout comes on top of al-
ready high coverage and likely has diminishing or negative returns. 

12	  Figure A3 additionally shows the leave-one-out coefficients when removing one country at a time from the sample.
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	X Table 4. IV results for the impact of regional 3G coverage on labour market outcomes

LFPR EMP2POP UNE2POP NEET rate

First-stage results

Lightning x Year -0.74*** -0.74*** -0.74*** -0.74***

(.24) (.24) (.24) (.24)

First-stage F-statistic 9.22 9.22 9.22 9.22

Panel A: Total

3G coverage (%) -0.13* -0.27** 0.14** 0.02

(.07) (.11) (.06) (.12)

Panel B: Women

3G coverage (%) -0.17* -0.29** 0.11** -0.12

(.09) (.12) (.05) (.14)

Panel C: Men

3G coverage (%) -0.08 -0.25** 0.17** 0.18

(.07) (.12) (.07) (.12)

N 4007 4007 4007 4007

N. regions 831 831 831 831

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G cov-
erage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage, 3G coverage is instru-
mented with an indicator for regional lightning frequency above the sample median interacted with year fixed effects. Standard 
errors clustered at the subnational region level reported below coefficients. P-values are denoted as follows: * p < 0.10, ** p < 
0.05, *** p < 0.01.

To further test this hypothesis and better understand the source of the aggregate results, Table 
5 presents OLS estimates when we split the sample by baseline 3G coverage. We calculate the 
average 3G coverage at the country level in the first year in which each country enters our da-
taset, and classify countries based on whether in that first year their coverage was above or be-
low the sample mean (55.5 per cent national coverage). The heterogeneity is stark. In countries 
with below-average baseline coverage (columns 1-3), OLS estimates show that 3G rollout is as-
sociated with higher labour force participation rate, driven by both higher employment- and un-
employment-to-population ratios. A 10-percentage point increase in 3G coverage leads to a 0.2 
percentage point increase in LFPR driven by a 0.3 percentage point increase in the EMP2POP ra-
tio for the total population. The positive effects on LFPR and employment are particularly strong 
for women, suggesting that digital infrastructure incentivises labour market attachment for dis-
advantaged groups. By contrast, in countries with above-average baseline coverage (columns 
4-6), the pattern is reversed: a further expansion of 3G coverage is associated with lower labour 
force participation. This is driven primarily by a decline in the EMP2POP ratio, and the effects are 
similar in magnitude for men and women. These differences are economically meaningful and 
indicate that the pooled average masks sharply divergent effects across contexts.
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	X Table 5. OLS results for the impact of regional 3G coverage on labour market outcomes by initial 3G cover-
age

Low-coverage countries High-coverage countries

  LFPR EMP2POP UNE2POP LFPR EMP2POP UNE2POP

Panel A: Total

3G coverage (%) 0.02*** 0.03*** 0.0 -0.03** -0.03 -0.01

(.01) (.01) (.01) (.01) (.02) (.01)

R2 (within) .084 .11 .428 .141 .194 .275

Panel B: Women

3G coverage (%) 0.03** 0.03*** -0.01 -0.03** -0.03* 0.0

(.01) (.01) (.00) (.01) (.02) (.01)

R2 (within) .078 .109 .317 .129 .194 .246

Panel C: Men

3G coverage (%) 0.02** 0.02** 0.0 -0.03** -0.02 -0.02

(.01) (.01) (.01) (.02) (.02) (.01)

R2 (within) .114 .108 .46 .243 .214 .281

N 1925 1925 1925 2082 2082 2082

N. regions 427 427 427 404 404 404

Controls Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.

This split-sample evidence helps reconcile the null OLS estimates and the negative IV coefficients. 
If countries with higher baseline 3G coverage experience negative labour market effects from 
additional 3G expansion, while countries with below-average coverage experience gains, the 
pooled OLS estimates may average these opposite effects to a coefficient near zero. The more 
negative IV estimates may then reflect the fact that our identifying variation disproportionately 
loads on the set of countries with high initial coverage, or more generally on region-year obser-
vations where additional 3G rollout occurs at later stages of mobile internet diffusion.13 

A related way to examine heterogeneity is to split countries by income group. To the extent that 
higher income countries also experienced 3G expansion earlier on, this exercise is qualitatively 
similar to splitting the sample by initial 3G coverage and a consistent set of results from these 
two exercises lends additional credibility to our OLS estimates. Table 6 shows OLS estimates 
separately for lower-middle-income and low-income countries (columns 1-3), and high-income 
and upper-middle-income countries (columns 4-6), respectively. The estimates align closely with 
those of the baseline-coverage split. For countries at lower income levels, 3G rollout is associated 

13	  Because the first-stage relationship becomes statistically  weaker when splitting the sample by initial 3G coverage, we 
do not report nor discuss IV estimates for these subsamples in the main text. Nonetheless, exploratory analysis suggests that 
the first stage is stronger and more negative in observations with higher initial coverage and in later stages of rollout, with cor-
responding reduced-form coefficients also tending to be more negative. These patterns are consistent with the interpretation 
that the IV estimates place greater weight on region-year observations where 3G expansion occurs at more advanced stages of 
diffusion. 
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with more favourable labour market outcomes: LFPR for the total population increases by 0.2 
percentage points for a 10-percentage-point increase in 3G coverage (although the coefficient is 
insignificant at standard confidence levels), and the EMP2POP ratio increases by 0.6 percentage 
points. In contrast, for countries in the higher income group categories, additional 3G coverage 
is associated with mostly null effects on labour force participation and status. The results are 
therefore consistent with a pattern of diminishing marginal returns to 3G expansion, especially 
in contexts where economic development is more advanced.

	X Table 6. OLS results for the impact of regional 3G coverage on labour market outcomes by broad country 
income group

Low and lower-middle income High and upper-middle income

  LFPR EMP2POP UNE2POP LFPR EMP2POP UNE2POP

Panel A: Total

3G coverage (%) 0.02 0.06* -0.04*** 0.01 0.0 0.0

(.03) (.03) (.01) (.01) (.01) (.01)

R2 (within) .233 .237 .447 .166 .231 .299

Panel B: Women

3G coverage (%) 0.01 0.04 -0.04*** 0.0 0.0 0.0

(.03) (.03) (.01) (.01) (.01) (.00)

R2 (within) .245 .258 .269 .168 .291 .271

Panel C: Men

3G coverage (%) 0.01 0.05* -0.04*** 0.01* 0.01 0.01

(.02) (.03) (.01) (.01) (.01) (.01)

R2 (within) .224 .215 .501 .232 .163 .302

N 647 647 647 3360 3360 3360

N. regions 227 227 227 604 604 604

Controls Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.

These findings are also broadly in line with the existing literature. For countries at relatively low 
initial levels of mobile internet penetration, additional 3G coverage may relax information fric-
tions, improve job search and matching, and widen access to labour markets, especially for pre-
viously underserved groups. By contrast, where baseline coverage and economic development 
are already high, further expansion may yield smaller matching gains while coinciding with la-
bour-saving reorganisation, stronger competition, or compositional shifts that negatively weigh 
on aggregate participation and employment. Since the countries with above-average baseline 
coverage are predominantly high-income economies, the baseline-coverage results reinforce 
the interpretation from the income-group split. 

Overall, the evidence points towards substantial heterogeneity in the labour market effects of 
3G rollout, with the positive effects in poorer and less digitally connected countries being off-
set by negative effects in richer economies. Hence, the effect of 3G expansion on labour market 



34  ILO Working Paper 180

attachment critically depends on countries’ stages of digital diffusion and level of economic de-
velopment.

4.2 Mechanisms
The heterogeneous effects documented above are consistent with a framework in which the 
labour market consequences of 3G rollout depend on a country's stage of digital diffusion. In 
countries with lower income levels or low initial coverage, additional 3G availability is likely to re-
lax binding constraints on labour market participation and job search. In countries with higher 
income levels or already broad baseline coverage, the same increment in coverage may instead 
generate smaller matching gains while amplifying supply-side competitive pressure and other 
channels that do not necessarily raise aggregate employment.

In lower-coverage settings, three mechanisms are likely to drive positive effects. First, 3G expan-
sion reduces labour market frictions and improves matching efficiency. While direct evidence 
on 3G specifically is limited, the broader internet and broadband literature suggests that on-
line search improves access to vacancies and raises match quality (Mang, 2012) and that broad-
band expansion increased online vacancy posting and reduced recruitment difficulties in Norway 
(Bhuller et al., 2020). Although these studies focus on developed countries, they examine earlier 
periods of technology diffusion when coverage was still expanding and connectivity represent-
ed a genuine new margin for job search, conditions that more closely resemble the early 3G 
rollout context in lower-income countries in the sample, even if labour market structures differ 
substantially. These mechanisms are likely to be at least as relevant for mobile internet in set-
tings where 3G represents the primary mode of connectivity, and where geographic barriers and 
information frictions are greatest. Second, early rollout connects workers who were previously 
most constrained: Chiplunkar and Goldberg (2022) provide direct evidence that 3G expansion 
in developing countries raised employment for both men and women, with particularly strong 
effects for women facing high mobility frictions. Third, mobile internet can relax home-produc-
tion constraints, making labour market attachment more compatible with care responsibilities. 
Evidence from high-speed broadband in the United States (Dettling, 2017) and from Arab coun-
tries (Zahidi, 2018) suggests this mechanism may also be relevant for 3G and across contexts. 
That said, the mechanism carries an ambiguous welfare interpretation regardless of context: 3G 
may increase female participation primarily through home-based or flexible arrangements, po-
tentially raising employment without closing gaps in access to full-time and higher-quality jobs. 
Finally, in early phases of diffusion, firms are likely to use connectivity primarily to expand mar-
ket access and improve operations rather than substitute away from labour (Falck, 2017), con-
sistent with evidence on broadband rollout in Germany supporting firm entry and employment 
growth (Falck et al., 2015; Fabritz, 2013), though whether 3G operates through the same chan-
nels in lower-income settings remains an open question.

These gains are unlikely to persist linearly as coverage expands. Evidence on broadband diffu-
sion suggests that socioeconomic benefits depend on context and stage, and are not uniform 
across places (Briglauer et al., 2024), a pattern that, if it applies to 3G, would imply diminishing 
returns as coverage matures. When coverage is already broad, the workers with the highest ex-
pected gains are already connected, and additional rollout reaches those with weaker comple-
mentary inputs such as poorer devices, lower digital skills, or weaker local demand. Beyond sat-
uration, widespread connectivity, whether through broadband or mobile internet, can intensify 
competition, expose local workers to broader markets, and enable digital platforms to displace 
traditional employment in distribution, retail, and intermediation. Connectivity may also raise 
the value of non-work time, leading some groups, particularly in richer, more digitally mature 
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settings, to reduce labour market attachment in favour of consumption and leisure (Aguiar et 
al., 2021; Kopytov et al., 2023).14 Together, these forces are consistent with an inverted-U pattern 
in which early gains from 3G connectivity reverse as coverage approaches universality, though 
the precise turning point is likely to vary with income level, complementary infrastructure, and 
the availability of newer technologies.

4.3 Heterogeneity by individual characteristics
We next examine whether the labour market effects of 3G rollout vary across demographic and 
socioeconomic groups, starting by differential impacts by age. The IV estimates presented in 
Table 7 indicate that labour force participation significantly increases for young individuals (aged 
15-24), with especially pronounced effects among women (columns 1-4) and declines for those 
aged 55 and above. The corresponding OLS estimates point in the same qualitative direction 
(see Appendix Table A2). Looking at heterogeneity by country income levels, OLS estimates from 
Appendix Table A3 show sharp declines in LFPR among individuals aged 55+ in upper-middle- 
and high-income countries and increases in participation for the youngest group (15-24), where-
as in lower-income settings older individuals are the group contributing most strongly to gains 
in both labour force participation and employment (see Appendix Table A4).

Marked differences also emerge by education. The IV estimates from Table 8 suggest that labour 
force participation and employment contract for individuals with advanced education, whereas 
they increase for those with low and intermediary educational attainment.  Results show a sim-
ilar pattern across both higher- and lower-income settings (see Appendix Tables A6 and A7). In 
lower-income countries in particular, the positive employment and participation effects of 3G 
rollout appear to be concentrated among individuals with low levels of education. Taken togeth-
er, these findings suggest that the gains from early-stage connectivity expansion in poorer set-
tings may accrue mainly to lower-educated groups that were previously excluded from labour 
market opportunities, while in more advanced contexts additional rollout may be associated with 
weaker labour market attachment among more educated groups. These patterns are consistent 
with a mechanism in which basic connectivity lowers information barriers to labour market entry 
for lower-educated workers in poorer settings, for instance by facilitating job matching, coordi-
nating informal trade, or accessing price information, rather than reflecting gains that require 
digital literacy or smartphone sophistication. This stands in contrast to evidence from targeted 
digital skills interventions, which tend to show larger gains for more educated groups. The dif-
ference may reflect the distinction between passive infrastructure rollout, which lowers infor-
mation frictions for all workers regardless of education level, and active digital adoption, which 
favours those with higher baseline literacy and technology access.

14 An additional complication in interpreting late-stage 3G effects is that later phases of 3G diffusion may overlap temporally with the 
early rollout of 4G and other newer connectivity technologies. To the extent that 4G is introduced first in more economically active 
or urban labour markets, regions still receiving 3G expansion may simultaneously experience labour market adjustments driven by 
developments elsewhere, for instance, competitive pressure from newly connected 4G regions, potentially contributing to the neg-
ative effects observed at high coverage levels.
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	X Table 7. IV results for the impact of regional 3G coverage on labour market outcomes by age group

  LFPR LFPR for 15-24 LFPR for 25-54 LFPR for 55 and above EMP2POP EMP2POP for 15-24 EMP2POP for 25-54 EMP2POP for 55 and 
above

First stage

Lightning x Year -0.74*** -0.74*** -0.74*** -0.74*** -0.74*** -0.74*** -0.74*** -0.74***

(.24) (.24) (.24) (.24) (.24) (.24) (.24) (.24)

F stat. 9.22 9.22 9.22 9.22 9.22 9.22 9.22 9.22

Panel A: Total

3G coverage (%) -0.13* 0.2* -0.11* -0.52** -0.27** -0.04 -0.3** -0.53***

(.07) (.11) (.06) (.2) (.11) (.12) (.12) (.2)

Panel B: Women

3G coverage (%) -0.17* 0.22* -0.18** -0.45** -0.29** 0.00 -0.35** -0.44**

(.09) (.12) (.09) (.19) (.12) (.11) (.14) (.19)

Panel C: Men

3G coverage (%) -0.08 0.18 -0.06 -0.55*** -0.25** -0.08 -0.28** -0.59***

(.07) (.12) (.06) (.2) (.12) (.14) (.12) (.21)

N 4007 4007 4007 4005 4007 4007 4007 4005

N. regions 831 831 831 830 831 831 831 830

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and year 
fixed effects and region-specific controls. In the first stage, 3G coverage is instrumented with an indicator for regional lightning frequency above the sample median interact-
ed with year fixed effects. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table 8. IV results for the impact of regional 3G coverage on labour market outcomes by educational attainment

  LFPR LFPR basic education 
and lower

LFPR intermediary ed-
ucation

LFPR advanced edu-
cation

EMP2POP EMP2POP basic educa-
tion and lower

EMP2POP intermediary 
education

EMP2POP advanced ed-
ucation

First stage

Lightning x Year -0.74*** -0.97*** -0.98*** -0.97*** -0.74*** -0.97*** -0.98*** -0.97***

(.24) (.25) (.25) (.25) (.24) (.25) (.25) (.25)

F stat. 9.22 15.33 15.55 15.28 9.22 15.33 15.55 15.28

Panel A: Total

3G coverage (%) -0.13* 0.14* -0.01 -0.25*** -0.27** 0.03 -0.11 -0.27***

(.07) (.07) (.05) (.08) (.11) (.08) (.07) (.09)

Panel B: Women

3G coverage (%) -0.17* 0.14* 0.05 -0.23** -0.29** 0.08 -0.05 -0.26**

(.09) (.08) (.06) (.1) (.12) (.08) (.07) (.11)

Panel C: Men

3G coverage (%) -0.08 0.2** -0.03 -0.27*** -0.25** 0.04 -0.14* -0.27***

(.07) (.09) (.05) (.08) (.12) (.09) (.08) (.09)

N 4007 3880 3837 3858 4007 3880 3837 3858

N. regions 831 804 797 793 831 804 797 793

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and year 
fixed effects and region-specific controls. In the first stage, 3G coverage is instrumented with an indicator for regional lightning frequency above the sample median interact-
ed with year fixed effects. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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When looking at heterogeneity in the effect of 3G by marital status, the IV estimates point to a 
slightly more favourable impact on employment for married women than for unmarried ones (see 
Table A8, and corresponding OLS results in Appendix Table A9). It is important to note that the 
sample is reduced when restricting the analysis to observations with marital status information, 
which limits statistical power and calls for cautious interpretation of these results. Nonetheless, 
they are consistent with the possibility that improved connectivity may ease coordination and 
flexibility constraints within households, with stronger labour market benefits for women, whose 
work decisions are closely tied to family organisation.

4.4 Employment composition
To assess whether the effects on labour force engagement are accompanied by changes in the 
structure and quality of jobs, we examine the distribution of workers across sectors, employ-
ment categories, including employers, contributing family workers, own-account workers, and 
employees, and firms of different sizes.

We begin with IV estimates of the impact of 3G coverage by status in employment, presented in 
Table 9. In the pooled sample, a 10-percentage point increase in 3G coverage is associated with 
a 3-percentage point decline in own account work.15 Magnitudes are similar across genders, with 
both men and women mostly reallocating towards wage employment. While insignificant, the 
results suggest as well a reallocation towards employers and contributing family work, with the 
increase in the share of employers being driven by men.

Consistent with the earlier labour force results, these findings appear to be driven largely by high-
er-income contexts, where the identifying variation is likely concentrated. The split by income 
group shows that this aggregate pattern masks substantial heterogeneity across contexts (see 
Tables A10 and A11 that present OLS results by country income group). In lower-income coun-
tries, there is a strong shift away from employee status and towards more vulnerable forms of 
employment, such as own account workers. Among women in particular, the coefficient on em-
ployee status is -0.24, alongside a large although statistically insignificant increase in contribut-
ing family workers (+0.11) and an increase in own-account work (+0.11). These results suggest 
that while 3G may support greater labour market participation in lower-income settings, part of 
this adjustment may occur through forms of employment that remain precarious, informal or 
weakly protected. This is an important policy consideration: an increase in employment is not 
necessarily synonymous with an improvement in job quality if it is driven by vulnerable employ-
ment rather than more stable wage work, and digital diffusion should be accompanied by poli-
cies that promote stable and quality employment for all. By contrast, in higher-income countries, 
women display the opposite pattern, with an increase in the share of employees and a decline in 
own-account and contributing family work. For men, the effect is directionally similar and com-
parable in magnitude.

Taken together, the results suggest that the employment effects of 3G depend not only on 
whether connectivity expands, but also on the stage of structural transformation at which ex-
pansion occurs. In lower-income contexts, connectivity may enable entry into self-employment 
and household-based production; in higher-income settings, it appears more closely associated 
with wage employment

15	  The corresponding OLS results are presented in Appendix Table A10.
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	X Table 9. IV results for the impact of regional 3G coverage on employment status and sectoral composition

  Employers 
rate

Contributing 
family work-
ers rate

Own ac-
count work-
ers rate

Employees 
rate

Share ser-
vices

Share agri-
culture

Share in-
dustry

First-stage

Lightning x 
Year

-0.74*** -0.74*** -0.74*** -0.74*** -0.95*** -0.95*** -0.95***

(.24) (.24) (.24) (.24) (.24) (.24) .(.24)

F-stat. 9.22 9.22 9.22 9.22 15.36 15.36 15.36

Panel A: Total

3G cover-
age (%)

0.04 0.09 -0.3** 0.18* 0.07 -0.33*** 0.26***

(.02) (.07) (.13) (.11) (.07) (.1) (.07)

Panel B: Women

3G cover-
age (%)

0.01 0.07 -0.25** 0.17* 0.16** -0.31*** 0.15***

(.01) (.09) (.12) (.1) (.07) (.1) (.05)

Panel C: Men

3G cover-
age (%)

0.06* 0.06 -0.34** 0.22* 0.03 -0.35*** 0.31***

(.04) (.05) (.15) (.13) (.07) (.11) (.09)

N 4007 4007 4007 4007 3933 3933 3933

N. regions 831 831 831 831 818 818 818

Controls Yes Yes Yes Yes Yes Yes Yes

Fixed ef-
fects

Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G cov-
erage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage, 3G coverage is instru-
mented with an indicator for regional lightning frequency above the sample median interacted with year fixed effects. P-values 
are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

Turning to sectoral composition, the aggregate IV estimates show evidence of a decline in ag-
ricultural employment as 3G coverage rises, which is accompanied by an increase in both in-
dustry and service employment. The reallocation towards industry employment is stronger for 
men than it is for women, while the opposite is true for employment in the service sector. Once 
again, however, there is substantial heterogeneity by income group. In higher-income coun-
tries, 3G rollout is associated with a reallocation away from agriculture and toward services, es-
pecially for women, for whom the coefficients are -0.05 for agriculture and +0.04 for services. 
In lower-income countries, the pattern is reversed: employment shifts toward agriculture and 
away from services, with the effect statistically significant for men but not for women. This sug-
gests that in lower-income settings, digital access may initially strengthen participation in tradi-
tional or household-based productive activities rather than accelerating a transition into servic-
es. In higher-income settings, by contrast, added connectivity appears to reinforce the ongoing 
movement of labour out of agriculture and into more service-oriented employment, potentially 
driven by an increase in gig-employment. From a policy perspective, these results suggest that 
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digital infrastructure alone is unlikely to generate the same pattern of structural transformation 
everywhere. In lower-income settings, complementary policies may be needed to ensure that 
improved connectivity translates into access to more productive work, rather than simply rein-
forcing low-productivity forms of employment.

	X Table 10. OLS results for the impact of regional 3G coverage on employment by firm size

  EMP2POP restrict-
ed sample

% firms with 1 to 4 
workers

% firms with 5 to 
49 workers

% firms with more 
than 50 workers

Panel A: Total

3G coverage (%) 0.03** 0.02 -0.02 0.01

(.01) (.02) (.02) (.02)

R2 (within) .138 .195 .186 .037

Panel B: Women

 3G coverage (%) 0.03* -0.03 -0.01 0.04

(.02) (.02) (.04) (.04)

R2 (within) .096 .157 .103 .082

Panel C: Men

3G coverage (%) 0.03* 0.03 -0.04* 0.0

(.01) (.02) (.02) (.02)

R2 (within) .182 .213 .2 .035

N 1495 1495 1495 1495

N. regions 400 400 400 400

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.

Finally, digital expansion may also affect the scale at which economic activity takes place. Mobile 
broadband can reduce coordination costs, improve access to information, and facilitate market 
integration. These changes may enable firms to scale beyond subsistence levels or induce con-
solidation among smaller enterprises. To examine this dimension, in Table 10 we analyse how 3G 
coverage affects the distribution of employment across firm sizes. In the pooled OLS estimates, 
there is little evidence of major shifts in the size distribution of employment.16 The main pattern is 
a slight reallocation toward work in very small firms with 1–4 employees driven by men, although 
the coefficients are not statistically significant. This is consistent with the status-in-employment 
results and may reflect the entry or expansion of microenterprises following improved digital ac-
cess. In higher-income countries, however, the pattern is different: employment shifts away from 
very small firms and mostly reallocates toward medium-sized firms with 5–49 employees (see 
Table A13). The shift away from small firms is larger for women. This may suggest that in high-
er-income contexts, additional connectivity supports firm growth and scaling rather than new 
micro-enterprise creation. However, the absence of significant large-firm expansion suggests that 
digital connectivity primarily affects the lower and middle segments of the firm-size distribution. 

16	  Due to sample size limitations, the first-stage IV results are too weak to be reliable.
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In lower-income countries, women also tend to reallocate toward large firms, although the coef-
ficient is imprecisely estimated and should be interpreted cautiously (see Table A14).

Overall, the composition results reinforce the broader message from the labour force analysis: 
the effects of 3G rollout are highly context specific. In lower-income and lower-coverage settings, 
connectivity appears more likely to draw workers into employment through own-account work, 
contributing family work, microenterprises, and in some cases agriculture. In higher-income 
or more digitally mature settings, the compositional shifts are more consistent with wage em-
ployment, movement toward services, and firm expansion. These differences have clear policy 
implications. Expanding digital coverage can support employment growth, but without comple-
mentary interventions, such as support for formalisation, business upgrading, skills, and work-
er protection, it may also increase vulnerable employment. The results therefore suggest that 
digital infrastructure policy should be embedded within a broader employment strategy tailored 
to countries’ stage of development and structural transformation.

4.5 Employment quality
Beyond employment composition, we examine hours worked and earnings to assess whether 
increases in digital access leads to improvements in metrics of employment quality. Table 11A 
presents IV (column 1) and OLS (columns 2 to 4) estimates for the impact of 3G coverage on 
the average weekly hours worked by all people in employment. In both the pooled IV and OLS 
regressions for the full sample, 3G coverage is associated with mostly insignificant changes in 
hours worked, with the exception of a significant but small increase in hours for men in the IV 
specification. OLS regressions by broad country income group confirm the mostly null impact 
of increased coverage on hours worked. 

Table 11B presents IV and OLS results for the impact of 3G coverage on wage earnings.17 Because 
information on earnings is imprecisely measured in surveys, and comparisons of income levels 
across contexts is challenging due to the changing composition of the sample, we restrict the 
earnings analysis to examining whether 3G coverage widened or narrowed gender gaps in earn-
ings. To do so, we construct a measure of earning ratios of employees between women and men 
by dividing the average monthly earnings of women in a given region-year cell by the average 
monthly earnings of men. Table 11B shows that 3G coverage slightly worsens gender disparities 
in earnings in the IV regressions: the earnings ratio between women and men’s earnings wors-
ens by 3.3 percentage points for a 10-percentage-point increase in 3G coverage. Although the 
coefficients are not statistically significant at conventional levels, the OLS results point to het-
erogeneity by country income group: gender gaps tend to narrow with higher 3G coverage in 
lower-income contexts, whereas they tend to widen in higher-income contexts. This evidence, 
which should be interpreted with caution, is suggestive of a potential role for digital infrastruc-
ture to narrow gender gaps in earnings in contexts where women’s overall participation in the 
labour market is particularly difficult, but not in more developed contexts.

17 The relevance of wage earnings as a welfare indicator varies considerably across income groups. According to ILO modelled esti-
mates for 2023, employees account for only 22 and 31 per cent of total employment in low- and lower-middle-income countries re-
spectively, compared to 61 and 89 per cent in upper-middle- and high-income countries, limiting the interpretability of wage-based 
indicators in lower-income contexts where most workers are own-account or contributing family workers.
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	X Table 11A. IV and OLS results for the impact of regional 3G coverage on weekly hours actually worked

  IV OLS – Full sample OLS – Lower-
income countries

OLS – Higher-
income countries

First-stage

Lightning x Year -0.84***

(.26)

F-stat. 10.48

Panel A: Total

3G coverage (%) 0.06 -0.01 -0.03 0.0

(.04) (.01) (.03) (.00)

Panel B: Women

3G coverage (%) 0.01 -0.01 -0.06 0.0*

(.03) (.01) (.05) (0)

Panel C: Men

3G coverage (%) 0.09** 0.0 -0.02 0.0

(.04) (.01) (.03) (0)

N 3571 3571 609 3008

N. regions 693 693 221 518

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS and IV regressions of the outcome variables reported in the column headings on regional 
3G coverage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage of the IV regres-
sions, 3G coverage is instrumented with an indicator for regional lightning frequency above the sample median interacted with 
year fixed effects. Columns 3 and 4 report results from OLS regressions on the subset of countries with low- and lower-middle 
income, and upper-middle and high income, respectively. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table 11B. IV and OLS results for the impact of regional 3G coverage on the gender ratio of monthly earn-
ings

  IV OLS – Full sample OLS – Lower-
income countries

OLS – Higher-
income countries

First-stage

Lightning x Year -1.21***

(.29)

F-stat. 17.56

Panel A: Gender Ratio

3G coverage (%) -0.33** -0.03 0.04 -0.02

(.13) (.03) (.08) (.03)

R2 (within) .499 .648 .103

N 2577 2577 593 1984

N. regions 563 563 200 363

Controls Yes Yes Yes -0.02

Fixed effects Yes Yes Yes .03

Note: The table shows results from IV and OLS regressions of the outcome variables reported in the column headings on regional 
3G coverage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage of the IV regres-
sions, 3G coverage is instrumented with an indicator for regional lightning frequency above the sample median interacted with 
year fixed effects. Columns 3 and 4 report results from OLS regressions on the subset of countries with low- and lower-middle 
income, and upper-middle and high income, respectively.  P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

4.6 Gender ratios
As shown in previous sections, digital expansion can have different effects across groups of work-
ers, including by gender. To assess whether 3G expansion affects gender disparities directly, we 
estimate regressions using female-to-male ratios within regions, defined as (female outcome / 
male outcome × 100). This approach allows us to evaluate whether digital expansion narrows or 
widens gender differences, rather than merely affecting women and men separately. For indica-
tors where female rates are lower than male rates, as for example the employment-to-popula-
tion ratio, an increase in the ratio indicates convergence of women’s outcomes toward those of 
men as driven by 3G rollout. In contrast, for indicators where female rates are higher than male 
rates (such as the NEET rate), an increase in the ratio indicates further divergence and a widen-
ing of gender differences.

Table 12 reports IV estimates where each dependent variable is defined as the ratio of the fe-
male outcome to the male outcome, as reported in the column header.18 The coefficients there-
fore capture whether 3G expansion changes women’s labour market outcomes relative to men’s, 
rather than changing levels separately by sex. 

In the full sample, there is little evidence that 3G rollout systematically alters gender gaps in ag-
gregate labour market attachment. The coefficient for the female-to-male employment-to-pop-
ulation ratio is negative and significant, suggesting that women’s employment decreases more 
than men’s, whereas the coefficient for unemployment-to-population ratio is small and statistical-
ly insignificant, suggesting no meaningful relative change in women’s unemployment compared 

18	  Panel A of Appendix Table A15 reports the corresponding OLS results.
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with men’s as a result of 3G expansion. The one notable exception is the NEET ratio: a 10-per-
centage-point increase in 3G coverage is associated with a 12-percentage point decrease in the 
female-to-male NEET ratio, although the coefficient is insignificant at conventional levels. Given 
the higher NEET rate among women than among men, this implies that 3G expansion is associ-
ated with a relative narrowing of gender gaps in youth labour market disengagement. By con-
trast, there is no statistically significant evidence in the pooled sample that 3G rollout changes 
women’s relative concentration in agriculture, services, industry, or in different employment-sta-
tus categories.

Splitting the sample by country income group reveals more heterogeneity (see OLS results from 
Appendix Table A15). In upper-middle- and high-income countries, 3G expansion does not sig-
nificantly affect the gender ratio in employment, unemployment, NEET, or employment status. 
However, it is associated with significant changes in sectoral composition: the female-to-male 
share in services rises, while the female-to-male share in industry falls. Quantitatively, a 10-per-
centage-point increase in 3G coverage raises the gender ratio in services by 0.04 and lowers the 
gender ratio in industry by 0.05. This suggests that in richer countries, additional 3G rollout is 
associated with women becoming more concentrated in services relative to men, and less con-
centrated in industry.

In low- and lower-middle-income countries, estimates are generally less precise, but one result 
stands out clearly: the female-to-male NEET ratio increases strongly with 3G coverage. The co-
efficient of 1.41, significant at the 5 per cent level, indicates that additional 3G rollout is associ-
ated with a marked widening of the gender gap in NEET, to the disadvantage of young women. 
A plausible interpretation of this pattern is that 3G expansion does not translate equally into 
effective connectivity for women and men. In many lower-income countries, women face sig-
nificant barriers beyond infrastructure availability: lower rates of smartphone ownership, low-
er digital literacy, restricted control over household devices, and lower awareness of economic 
uses of mobile internet (GSMA, 2025; Begazo et al., 2023), potentially explaining why 3G rollout 
in lower-income settings is associated with a widening of the female disadvantage in NEET rath-
er than a convergence, and why absolute employment gains for women do not translate into a 
narrowing of gender gaps more broadly.

For the other outcomes, including the gender ratios in employment, unemployment, sector, 
and employment status, the coefficients are not statistically significant. Even so, several point 
estimates suggest potentially relevant patterns: notably, higher relative female concentration in 
agriculture, contributing family work, and own-account work. Although these estimates are too 
imprecise to support strong conclusions, they suggest that additional 3G expansion in lower-in-
come contexts contributes to widening gender gaps in vulnerable employment.

Overall, the results suggest that 3G expansion does not appear to systematically narrow gender 
gaps in core labour market outcomes. Instead, the most striking pattern is a widening of the fe-
male disadvantage in NEET in lower-income settings. In richer countries, the main gendered ef-
fect operates through sectoral composition rather than labour market attachment, with women 
shifting relatively more toward services and away from industry. 
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	X Table 12. IV results for the impact of regional 3G coverage on gender ratios in labour market outcomes

EMP2POP UNE2POP NEET % Agriculture % Services % Industry % Employees % Contributing 
family workers 

% Own account 
workers

% Employers

First-stage

Lightning x Year -0.74*** -0.74*** -0.74*** -0.92*** -0.95*** -0.95*** -0.74*** -0.53** -0.74*** -0.75*

(.24) (.24) (.25) (.24) (.24) (.24) (.24) (.25) (.24) (.41)

First-stage F-statistic 9.22 9.22 9.18 14.59 15.36 15.4 9.22 4.58 9.20 3.42

Second-stage

3G coverage (%) -0.16* 0.05 -1.22 0.13 0.23 -0.11 0.16 -3.32 0.71* 0.70

  (.1) (.46) (.93) (.27) (.15) (.21) (.1) (6.81) (.43) (.79)

N 4007 4007 3796 3849 3933 3885 3999 3530 3995 2195

N. regions 831 831 778 791 818 796 827 745 826 561

Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and year 
fixed effects and region-specific controls. In the first stage, 3G coverage is instrumented with an indicator for regional lightning frequency above the sample median interact-
ed with year fixed effects. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X 5	Robustness and Limitations

 

5.1 Robustness checks
We perform several robustness checks to assess the validity of our results. First, we restrict the 
sample to the population of individuals aged 15–64, to ascertain that the impacts of 3G rollout 
that we estimate are not a reflection of higher digital connectivity pushing older segments of 
the population out of the labour market. Appendix Table A16 shows that our findings on labour 
force participation and status remain essentially unchanged when restricting the sample to in-
dividuals aged 15-64.

Second, to lend validity to our hypothesis that the labour market effects of 3G internet depend 
on countries’ economic level of development, we estimate our regressions on a restricted sam-
ple that excludes high-income countries, where 3G coverage at baseline was just under 70 per 
cent on average and where returns to additional 3G rollout are likely to be diminishing. Appendix 
Table A17 shows OLS estimates run on a restricted sample that excludes high-income countries. 
In the restricted sample, 3G expansion is associated with an increase in LFPR, primarily driven 
by an increase in the employment-to-population ratio. This suggests that 3G mobile internet has 
positive employment effects across all country income levels but the most developed contexts.  
We additionally perform the related exercise of excluding from our sample all countries that had 
baseline 3G coverage above 80 per cent. The OLS results, reported in Appendix Table A18, show 
positive, albeit insignificant, effects of 3G internet expansion on LFPR and employment.

Lastly, we adopt a different estimation approach based on an ANCOVA structure (McKenzie, 
2012). The ANCOVA approach requires the choice of a baseline period, based on which we can 
calculate initial levels of the outcome variables and include them as additional controls in the re-
gressions, in lieu of regional fixed effects. Given the unbalanced nature of our panel, our choice 
of the baseline period aims at maximising country coverage, while at the same time choosing 
a period where 3G internet was on average at a relatively early stage of its diffusion. For these 
reasons, we choose as the baseline each country’s first available survey year at or before 2012, 
and estimate the regressions on a sample of 36 countries. Appendix Table A19 provides a com-
parison of country coverage by income group between our main sample and the sample used 
for this robustness exercise. 

Appendix Table A20 reports results from an ANCOVA specification that uses each country’s first 
available survey year at or before 2012 as the baseline and is estimated on a smaller sample of 
2,219 region-year observations across 517 regions, compared with 4,007 observations and 831 
regions in the main specifications. The ANCOVA results should not be interpreted as directly 
comparable estimates of our parameter of interest, the coefficient associated with 3G coverage, 
since they differ from the main OLS and IV specifications in sample composition. In particular, 
because the ANCOVA requires countries to be observed at or before 2012 and again thereafter, 
it excludes a number of late-entering countries, which are disproportionately lower-income or 
lower-coverage settings. Any comparison with the main OLS and IV results should therefore keep 
in mind that differences may reflect both the estimation method and the underlying sample.

For the full sample, the ANCOVA results are close in spirit to the main OLS estimates, with 3G 
coverage being associated with positive but statistically insignificant changes in LFPR, driven by 
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a positive but insignificant increase in the EMP2POP ratio and a significant increase in the un-
employment-to-population ratio. This suggests that, under ANCOVA, additional 3G coverage is 
associated with somewhat greater labour market attachment, but primarily through higher un-
employment rather than higher employment. Gender differences in terms of labour force par-
ticipation and status within the labour force remain small.

Looking at employment composition, results from the ANCOVA specification presented in Appendix 
Table A20 show a compositional change that is similar to that from the IV results: higher 3G cov-
erage is associated with an increase in the shares of employers and employees, and declines in 
the shares of contributing family workers and own-account workers. The ANCOVA results there-
fore reinforce the idea that, in higher income contexts, 3G expansion appears more closely as-
sociated with a shift away from more vulnerable forms of employment and toward wage em-
ployment. Finally, in terms of sectoral composition of employment, the ANCOVA estimates show 
a strong and statistically significant decline in agriculture, a positive shift toward services, and 
no increase in industry.

5.2 Limitations
Several limitations should be kept in mind when interpreting the results. First, the analysis relies 
on an unbalanced panel of countries and subnational regions, with earlier start dates and more 
numerous observations for high-income and upper-middle-income countries than for lower-in-
come settings. Countries belonging to different income groups also enter the sample at differ-
ent points of the 3G diffusion process, and in high-income contexts only once baseline coverage 
is already relatively advanced. This may affect both comparability across contexts and identifica-
tion, since later-entering countries may contribute less within-country variation in 3G expansion. 

Furthermore, if the effect of 3G roll-out is non-linear along economic development or coverage 
rollout, the results for the full sample are likely to mask substantial heterogeneity in impacts at 
different points of the 3G expansion, as discussed in Section 4. While our analysis attempts to 
unpack such heterogeneity by splitting the sample across broad country-income groups and 
baseline 3G coverage levels, data limitations make the use of our instrumental variable approach 
challenging on smaller samples, which warrants caution in interpreting the results.

Second, our subnational units are larger administrative regions than those used in prior work 
(see, e.g., Chiplunkar and Goldberg, 2022). While this broader regional aggregation allows for 
substantially wider country coverage – as information on broad region of residence is available 
in more surveys - it may attenuate variation by averaging over within-region heterogeneity in 
both 3G network rollout and labour market adjustment, potentially weakening the first stage 
and reducing the precision of the estimates. 

Third, while our cleaning of the 3G data ensured no artificially repeated observation was used for 
3G coverage, measurement error in 3G access remains a concern. Coverage data are derived from 
provider-reported information that does not include all operators and is not always observed at 
regular annual intervals; in addition, technical coverage maps may not fully coincide with actual 
user access or effective service quality on the ground. To the extent that these sources of noise 
generate classical measurement error, they are likely to attenuate first-stage relationships and 
bias estimates toward zero. 

Fourth, while rainfall controls and prior literature support the validity of the lightning-based in-
strument, we cannot fully rule out that lightning density correlates with agricultural conditions 
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or soil quality in ways not entirely captured by our controls, and results from the IV specifications 
should be interpreted with this caveat in mind.

Finally, there may be some measurement error in assigning households to subnational regions in 
the microdata due to mismatch between survey geography and administrative boundaries. This 
could further blur the correspondence between measured regional 3G exposure and observed 
labour market outcomes, again potentially introducing attenuation in the estimated effects.



49  ILO Working Paper 180

	X Conclusion

This paper has examined how the expansion of 3G mobile internet affected labour market out-
comes across 52 countries between 2004 and 2023. Combining ILO harmonized labour force 
survey microdata with high-resolution regional 3G coverage maps, we study both overall labour 
market attachment and changes in employment composition, paying particular attention to het-
erogeneity by gender, country context, and individual characteristics. To address the non-random 
development of telecommunication infrastructure, we complement fixed-effects OLS estimates 
with an instrumental-variable strategy based on regional variation in lightning strike frequency.

Three main findings emerge. First, average effects in the pooled sample conceal substantial 
heterogeneity. In the full sample, OLS estimates suggest that 3G rollout is associated with little 
change in aggregate labour force participation, reflecting a small increase in employment that is 
broadly offset by a decline in unemployment. By contrast, the IV estimates point to more nega-
tive average effects, with additional 3G coverage reducing labour force participation and employ-
ment while increasing unemployment. However, these pooled estimates mask sharply different 
effects across contexts. In countries with low initial 3G coverage, additional rollout is associated 
with higher labour force participation and employment, with particularly strong gains for wom-
en. A similar pattern emerges in low- and lower-middle-income countries, where 3G expansion 
is associated with higher employment and lower unemployment. By contrast, in countries that 
entered the sample with already high 3G coverage, additional rollout is associated with weaker 
labour market attachment, and the IV results suggest that the overall negative average effects 
are driven primarily by these more advanced settings. Taken together, the evidence indicates 
that the labour market consequences of 3G expansion depend critically on countries’ stage of 
digital diffusion and level of development.

Second, 3G rollout affects not only whether people participate in the labour force and work, but 
also the type of work they do. The compositional effects again differ across contexts. In lower-in-
come settings, additional coverage is associated with a shift away from employee status and 
toward own-account work and, for women, also toward contributing family work, pointing to 
an increase in more vulnerable forms of employment. In upper-middle- and high-income coun-
tries, by contrast, the patterns are more consistent with increases in wage employment, lower 
shares of employment in agriculture, and higher shares of employment in services and industry. 
Evidence on firm size is more limited but suggests that in richer settings additional connectivity 
may support movement away from very small firms toward medium-sized firms, especially for 
women. Beyond employment composition, we also find that 3G expansion is not associated with 
significant changes in measures of job quality, for either gender, although we provide sugges-
tive evidence that improved digital access may contribute to narrow gender gaps in earnings in 
lower-income contexts. These results suggest that digital expansion can reshape employment 
structures without necessarily improving job quality across the board, especially where structural 
transformation remains incomplete and formal employment opportunities are limited.

Third, the paper documents important heterogeneity by individual characteristics. The labour 
market effects of 3G differ markedly by age. While older individuals, especially those aged 55 
and above, experience significant declines in participation and employment, younger individu-
als show more favourable participation responses. Heterogeneity also emerges by education: 
labour market gains are concentrated among workers with basic or intermediate education, 
whereas labour force participation and employment contract among those with advanced edu-
cation. By marital status, the estimates suggest somewhat more favourable employment effects 



50  ILO Working Paper 180

for married individuals, particularly married women. These patterns reinforce the broader con-
clusion that the labour market consequences of digital expansion depend not only on the tech-
nology itself, but also on which workers are exposed to it and in what economic environment. 
Finally, our analysis of female-to-male outcome ratios suggests that 3G expansion does not sys-
tematically narrow gender gaps in labour market outcomes, and cautions against assuming that 
digital expansion will automatically promote gender equality in labour markets.

Taken together, the results suggest that mobile internet expansion does not generate uniform 
labour market gains across contexts. Its effects are highly heterogeneous and depend critically 
on countries’ stage of digital diffusion, level of development, labour market structure, and the 
characteristics of the workers exposed to the new technology. This has important policy im-
plications. Expanding digital infrastructure remains essential, particularly in lower-income and 
low-coverage settings where the gains from improved connectivity appear strongest. However, 
digital infrastructure alone is unlikely to deliver inclusive labour market improvements. To trans-
late connectivity into better and more equitable employment outcomes, rollout needs to be ac-
companied by complementary policies that strengthen digital skills, protect workers in vulnerable 
forms of employment, and address persistent gender gaps in access to devices, digital literacy, 
and labour market opportunities.

To conclude, we see our results as shedding light on the labour market effects of improved dig-
ital connectivity across the full distribution of digital infrastructure rollout and across a broader 
set of contexts than has typically been considered in the literature. In doing so, our findings also 
highlight key directions for future research, especially on impacts on earnings, earnings stability, 
and the interaction between successive generations of connectivity technologies. A better un-
derstanding of these dynamics will be crucial for designing digital policies that deliver not only 
broader access to employment, but also better and more secure jobs.
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Annex

	X Figure A1. Regional 3G coverage over time by frequency of lightning strikes 

Note: The graph shows, for the years 2009 to 2022, the average regional 3G coverage, defined as the percentage of the local 
population that receives 3G signal, separately for regions with above- (dark grey) or below-median (light grey) lightning strike 
frequency. The time-invariant lightning strike frequency for each region is calculated from the average frequency over the years 
2010-2023. The capped lines represent 95% confidence intervals on the mean.
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	X Figure A2. First-stage coefficients when excluding country-income groups

Note: The graph shows the leave-one-out coefficients of our instrument (lightning strike indicator times year fixed effects) on 
3G coverage from first stage regressions run on restricted samples that exclude the group of countries defined by the bar labels 
on the x-axis. The capped lines represent 95% confidence intervals on the coefficients.

	X Figure A3. First-stage coefficients when excluding individual countries

Note: The graph shows the leave-one-out coefficients of our instrument (lightning strike indicator times year fixed effects) on 
3G coverage from first stage regressions run on restricted samples that exclude the country defined by the bar labels on the 
x-axis. The capped lines represent 95% confidence intervals on the coefficients.
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	X Table A1. List of sample countries in the IV regression and their available regions and year observations. 

Country Available subna-
tional regions

Number of re-
gions in sample

Number of years 
in sample

First year in sam-
ple

Last year

in sample

Angola 18 10 2 2009 2021

Albania 12 12 4 2016 2022

Australia 10 8 8 2009 2020

Austria 9 9 7 2010 2020

Burundi 17 11 2 2014 2020

Belgium 11 11 9 2010 2022

Bulgaria 6 6 7 2011 2022

Brazil 27 27 8 2012 2020

Canada 13 10 14 2009 2022

Switzerland 26 26 8 2011 2022

Chile 16 16 5 2010 2022

Colombia 33 33 3 2017 2019

Germany 16 16 9 2006 2020

Denmark 5 5 4 2004 2015

Dominican 
Republic

32 31 4 2017 2020

Egypt 27 27 3 2008 2012

Spain 19 19 3 2009 2022

Finland 5 5 11 2009 2023

Georgia 12 10 3 2011 2019

Ghana 10 10 2 2006 2017

Guatemala 22 19 2 2014 2023

Honduras 18 13 3 2014 2020

Croatia 4 4 9 2008 2020

Hungary 8 8 9 2009 2022

Indonesia 33 33 3 2011 2019

Ireland 3 3 5 2009 2021

Israel 6 6 2 2012 2017

Italy 21 21 10 2009 2019

Cambodia 24 11 6 2011 2023

Liberia 15 7 2 2014 2017

Saint Lucia 11 9 3 2018 2022

Sri Lanka 25 25 7 2010 2019

Mexico 32 31 8 2009 2022

Mongolia 22 22 2 2010 2022

Mauritius 16 10 3 2017 2019
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Namibia 13 13 2 2016 2018

Niger 8 8 3 2012 2017

Panama 12 12 7 2012 2023

Philippines 17 16 6 2007 2019

Poland 16 16 8 2010 2021

Portugal 7 7 6 2007 2017

Paraguay 18 6 2 2012 2013

Romania 8 8 6 2009 2019

El Salvador 14 14 4 2015 2020

Sweden 8 8 5 2011 2020

Seychelles 26 20 3 2015 2019

Uganda 112 13 3 2017 2021

Uruguay 19 19 2 2014 2019

United States 51 51 12 2009 2021

Venezuela, 
Bolivarian Republic 
of

25 24 3 2011 2016

Viet Nam 63 63 2 2014 2019

South Africa 9 9 8 2010 2019

	X Table A2. OLS results for the impact of regional 3G coverage on labour market outcomes by age group

  LFPR LFPR for 15-24 LFPR for 25-54 LFPR for 55 
and above

EMP2POP EMP2POP for 
15-24

EMP2POP for 
25-54

EMP2POP for 55 
and above

Panel A: Total

3G coverage (%) 0.01 0.02* 0.0 0.0 -0.01 -0.02 0.0 -0.02**

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .067 .087 .084 .095 .08 .081 .12 .101

Panel B: Women

3G coverage (%) 0.0 0.01 0.0 0.0 -0.01 -0.02* 0.0 -0.02*

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .065 .058 .103 .122 .091 .079 .121 .131

Panel C: Men

3G coverage (%) 0.01 0.02** 0.0 0.0 -0.01 -0.02 -0.01 -0.03*

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .109 .113 .052 .069 .08 .087 .11 .074

N 4007 4007 4007 4006 4035 4035 4035 4034

N. regions 831 831 831 831 811 811 811 811

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A3. OLS results for the impact of regional 3G coverage on labour market outcomes by age group – 
Upper-middle-income and high-income countries

  LFPR LFPR for 15-24 LFPR for 25-54 LFPR for 55 
and above

EMP2POP EMP2POP for 
15-24

EMP2POP for 
25-54

EMP2POP for 55 
and above

Panel A: Total

3G coverage (%) 0.01 0.03*** 0.0 -0.03*** 0.0 0.02 0.0 -0.03***

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .166 .186 .166 .256 .231 .147 .3 .284

Panel B: Women

3G coverage (%) 0.0 0.02** -0.01 -0.02* 0.0 0.02 -0.01 -0.02**

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .168 .119 .249 .303 .291 .155 .364 .323

Panel C: Men

3G coverage (%) 0.01* 0.03*** 0.0 -0.04*** 0.01 0.02 0.0 -0.04***

(.01) (.01) (.01) (.01) (.01) (.02) (.01) (.01)

R2 (within) .232 .203 .093 .167 .163 .113 .177 .191

N 3360 3360 3360 3360 3360 3360 3360 3360

N. regions 604 604 604 604 604 604 604 604

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with upper-middle or high income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A4. OLS results for the impact of regional 3G coverage on labour market outcomes by age group – 
Low-income and lower-middle-income countries

  LFPR LFPR for 15-24 LFPR for 25-54 LFPR for 55 
and above

EMP2POP EMP2POP for 
15-24

EMP2POP for 
25-54

EMP2POP for 55 
and above

Panel A: Total

3G coverage (%) 0.02 -0.01 0.03 0.12*** 0.06* 0.05 0.07** 0.13***

(.03) (.03) (.03) (.03) (.03) (.04) (.03) (.03)

R2 (within) .233 .17 .243 .242 .237 .196 .225 .252

Panel B: Women

3G coverage (%) 0.01 -0.09** 0.04 0.11*** 0.04 -0.03 0.07* 0.11***

(.03) (.04) (.04) (.04) (.03) (.03) (.04) (.04)

R2 (within) .245 .159 .232 .282 .258 .182 .22 .289

Panel C: Men

3G coverage (%) 0.01 0.02 -0.01 0.13*** 0.05* 0.09* 0.04** 0.14***

(.02) (.04) (.01) (.05) (.03) (.05) (.02) (.04)

R2 (within) .224 .206 .263 .209 .215 .235 .27 .216

N 647 647 647 646 647 647 647 646

N. regions 227 227 227 227 227 227 227 227

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with lower-middle or low income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A5. OLS results for the impact of regional 3G coverage on labour market outcomes by educational attainment

  LFPR LFPR basic education 
and lower

LFPR intermediary ed-
ucation

LFPR advanced edu-
cation

EMP2POP EMP2POP basic educa-
tion and lower

EMP2POP intermedi-
ary education

EMP2POP advanced 
education

Panel A: Total

3G coverage (%) 0.0 0.01 0.0 -0.03** 0.01 0.01 0.03** -0.02

(.01) (.01) (.01) (.02) (.01) (.01) (.01) (.02)

R2 (within) .084 .081 .181 .192 .114 .077 .144 .172

Panel B: Women

3G coverage (%) 0.0 0.01 -0.02 -0.04* 0.01 0.01 0.01 -0.01

(.01) (.01) (.01) (.02) (.01) (.01) (.01) (.02)

R2 (within) .07 .05 .117 .124 .115 .056 .126 .118

Panel C: Men

3G coverage (%) 0.01 0.02* 0.0 -0.03* 0.01 0.02 0.03** -0.02

(.01) (.01) (.01) (.02) (.01) (.01) (.01) (.02)

R2 (within) .149 .114 .212 .171 .111 .094 .119 .136

N 3880 3880 3841 3869 3880 3880 3841 3869

N. regions 804 804 801 804 804 804 801 804

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and year 
fixed effects and region-specific controls. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A6. OLS results for the impact of regional 3G coverage on labour market outcomes by educational attainment - Upper-middle-income and 
high-income countries

  LFPR LFPR basic education 
and lower

LFPR intermediary ed-
ucation

LFPR advanced edu-
cation

EMP2POP EMP2POP basic educa-
tion and lower

EMP2POP intermedi-
ary education

EMP2POP advanced 
education

Panel A: Total

3G coverage (%) 0.01 0.01 0.02*** 0.0 0.0 0.0 0.02** 0.01

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .167 .123 .369 .315 .231 .112 .258 .226

Panel B: Women

3G coverage (%) 0.0 0.01 0.01* 0.01 0.0 0.0 0.02* 0.01

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .169 .079 .299 .194 .291 .088 .273 .167

Panel C: Men

3G coverage (%) 0.01* 0.02* 0.02*** 0.0 0.01 0.01 0.03** 0.01

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)
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R2 (within) .233 .145 .354 .255 .163 .108 .191 .168

N 3351 3351 3315 3349 3351 3351 3315 3349

N. regions 604 604 601 604 604 604 601 604

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and 
year fixed effects and region-specific controls. The sample is restricted to countries with upper-middle or high income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, 
*** p < 0.01.

	X Table A7. OLS results for the impact of regional 3G coverage on labour market outcomes by educational attainment - Lower-middle-income and 
low-income countries

  LFPR LFPR basic education 
and lower

LFPR intermediary ed-
ucation

LFPR advanced edu-
cation

EMP2POP EMP2POP basic educa-
tion and lower

EMP2POP intermedi-
ary education

EMP2POP advanced 
education

Panel A: Total

3G coverage (%) 0.04 0.14*** 0.01 -0.09 0.11** 0.17*** 0.12** -0.07

(.04) (.04) (.05) (.06) (.04) (.05) (.06) (.07)

R2 (within) .144 .182 .288 .329 .165 .207 .197 .295

Panel B: Women

3G coverage (%) 0.04 0.11* 0.03 -0.09 0.1* 0.14** 0.11* -0.01

(.06) (.06) (.07) (.09) (.05) (.06) (.06) (.09)

R2 (within) .123 .142 .223 .328 .149 .171 .138 .242

Panel C: Men

3G coverage (%) 0.02 0.13*** -0.06 -0.07 0.09** 0.16*** 0.08 -0.09

(.03) (.05) (.05) (.05) (.04) (.05) (.06) (.07)

R2 (within) .175 .242 .347 .24 .175 .265 .189 .225

N 529 529 526 520 529 529 526 520

N. regions 200 200 200 200 200 200 200 200

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and 
year fixed effects and region-specific controls. The sample is restricted to countries with lower-middle or low income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, 
*** p < 0.01.
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	X Table A8. IV results for the impact of regional 3G coverage on labour market outcomes by marital status 

  LFPR LFPR 

restricted 
sample

LFPR mar-
ried

LFPR unmarried EMP2POP EMP2POP re-
stricted sample

EMP2POP mar-
ried

EMP2POP un-
married

First stage

Lightning x Year -0.74*** -1.1*** -1.1*** -1.1*** -0.74*** -1.1*** -1.1*** -1.1***

(.24) (.28) (.28) (.28) (.24) (.28) (.28) (.28)

F stat. 9.22 15.86 15.86 15.86 9.22 15.86 15.86 15.86

Panel A: Total

3G coverage (%) -0.13* 0.06** 0.1** 0.05 -0.27** 0.02 0.07* 0.01

(.07) (.03) (.04) (.04) (.11) (.05) (.04) (.07)

Panel B: Women

3G coverage (%) -0.17* 0.06 0.12** 0.01 -0.29** 0.03 0.08* 00

(.09) (.04) (.05) (.04) (.12) (.04) (.05) (.06)

Panel C: Men

3G coverage (%) -0.08 0.06* 0.07** 0.1** -0.25** 0.02 0.04 0.05

(.07) (.03) (.03) (.05) (.12) (.06) (.05) (.08)

N 4007 2799 2799 2799 4007 2799 2799 2799

N. regions 831 655 655 655 831 655 655 655

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from IV regressions of the outcome variables reported in the column headings on regional 3G cov-
erage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage, 3G coverage is instru-
mented with an indicator for regional lightning frequency above the sample median interacted with year fixed effects. P-values 
are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A9. OLS results for the impact of regional 3G coverage on labour market outcomes by marital status

  LFPR LFPR restricted 
sample

LFPR mar-
ried

LFPR unmar-
ried

EMP2POP EMP2POP re-
stricted sample

EMP2POP mar-
ried

EMP2POP un-
married

Panel A: Total

3G coverage (%) 0.02* 0.02* 0.01 0.02*** 0.02** 0.03** 0.02* 0.02*

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .103 .116 .117 .108 .09 .174 .103 .116

Panel B: Women

3G coverage (%) 0.02* 0.02* 0.01 0.03*** 0.03** 0.02** 0.02* 0.02*

(.01) (.01) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .069 .081 .084 .093 .067 .17 .069 .081

Panel C: Men

3G coverage (%) 0.01 0.01 0.01 0.02* 0.01 0.03** 0.01 0.01

(.01) (.01) (.01) (.01) (.01) (.02) (.01) (.01)

R2 (within) .192 .274 .088 .135 .188 .175 .192 .274

N 2799 2799 2799 2799 2799 2799 2799 2799

N. regions 655 655 655 655 655 655 655 655

Controls Yes Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A10. OLS results for the impact of regional 3G coverage on employment status and sectoral composi-
tion

  Employers 
rate

Contributing 
family work-
ers rate

Own ac-
count work-
ers rate

Employees 
rate

Share 
services

Share agri-
culture

Share in-
dustry

Panel A: Total

3G coverage 
(%)

-0.01 -0.01 0.02 0.0 0.01 -0.03* 0.02***

(.01) (.01) (.02) (.01) (.01) (.02) (.01)

R2 (within) .033 .172 .132 .18 .187 .192 .125

Panel B: Women

3G coverage 
(%)

0.0 -0.02 0.03 -0.01 0.02 -0.03 0.0

(.0) (.02) (.02) (.02) (.02) (.02) (.01)

R2 (within) .058 .134 .101 .103 .14 .157 .093

Panel C: Men

3G coverage 
(%)

-0.01 0.0 0.02 -0.01 0.0 -0.03* 0.03***

(.01) (.01) (.02) (.02) (.01) (.02) (.01)

R2 (within) .042 .171 .154 .197 .179 .197 .141

N 4007 4007 4007 4007 3946 3946 3946

N. regions 831 831 831 831 831 831 831

Controls Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. P-values are denoted as follows: * p 
< 0.10, ** p < 0.05, *** p < 0.01.

	X Table A11. OLS results for the impact of regional 3G coverage on employment status and sectoral composi-
tion – Upper-middle-income and high-income countries

  Employers 
rate

Contributing 
family work-
ers rate

Own account 
workers rate

Employees 
rate

Share 
services

Share agri-
culture

Share 
indus-
try

Panel A: Total

3G coverage (%) 0.0*** -0.02*** -0.03*** 0.04*** 0.02** -0.06*** 0.03***

(.0) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .069 .354 .147 .293 .311 .335 .161

Panel B: Women

3G coverage (%) 0.0* -0.03*** -0.02*** 0.04*** 0.04*** -0.05*** 0.01*

(.0) (.01) (.01) (.01) (.01) (.01) (.01)

R2 (within) .067 .402 .107 .238 .29 .326 .085

Panel C: Men
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3G coverage (%) 0.01*** -0.01*** -0.04*** 0.04*** 0.01 -0.06*** 0.04***

(.0) (.0) (.01) (.01) (.01) (.01) (.01)

R2 (within) .061 .255 .218 .281 .262 .308 .166

N 3360 3360 3360 3360 3360 3360 3360

N. regions 604 604 604 604 604 604 604

Controls Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with upper-middle or high income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A12. OLS results for the impact of regional 3G coverage on employment status and sectoral composi-
tion – Lower-middle-income and low-income countries

  Employers 
rate

Contributing 
family work-
ers rate

Own account 
workers rate

Employees 
rate

Share 
services

Share agri-
culture

Share 
indus-
try

Panel A: Total

3G coverage 
(%)

0.03 0.03 0.11*** -0.17*** -0.18** 0.2* -0.02

(.03) (.04) (.03) (.05) (.08) (.11) (.06)

R2 (within) .159 .392 .382 .349 .27 .346 .342

Panel B: Women

3G coverage 
(%)

0.02 0.11 0.11*** -0.24** -0.23 0.25 -0.02

(.01) (.1) (.04) (.11) (.17) (.17) (.03)

R2 (within) .211 .265 .365 .213 .202 .271 .337

Panel C: Men

3G coverage 
(%)

0.04 0.02 0.1*** -0.16*** -0.17** 0.2* -0.03

(.04) (.03) (.04) (.05) (.08) (.12) (.06)

R2 (within) .207 .393 .35 .372 .274 .368 .359

N 647 647 647 647 586 586 586

N. regions 227 227 227 227 227 227 227

Controls Yes Yes Yes Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with lower-middle or low income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A13. OLS results for the impact of regional 3G coverage on employment by firm size – Upper-middle-
income and high-income countries

  EMP2POP % firms with 1 to 4 
workers

% firms with 5 to 49 
workers

% firms with more 
than 50 workers

Panel A: Total

3G coverage (%) 0.01 -0.01 0.01 0.01

(.01) (.01) (.01) (.01)

R2 (within) .352 .143 .199 .136

Panel B: Women

3G coverage (%) 0.01 -0.03*** 0.02** 0.01

(.01) (.01) (.01) (.01)

R2 (within) .317 .233 .198 .146

Panel C: Men

3G coverage (%) 0.01 0.0 0.0 0.01

(.01) (.01) (.01) (.01)

R2 (within) .345 .096 .15 .129

N 1177 1177 1177 1177

N. regions 301 301 301 301

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with upper-middle or high income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A14. OLS results for the impact of regional 3G coverage on employment by firm size – Low-income 
and lower-middle-income countries

  EMP2POP % firms with 1 to 4 
workers

% firms with 5 to 49 
workers

% firms with more 
than 50 workers

Panel A: Total

3G coverage (%) 0.11* 0.09 -0.09 0.0

(.06) (.09) (.12) (.15)

R2 .343 .56 .356 .077

Panel B: Women

3G coverage (%) 0.11 -0.1 -0.14 0.24

(.08) (.12) (.23) (.3)

R2 (within) .151 .59 .201 .167

Panel C: Men

3G coverage (%) 0.13** 0.13 -0.08 -0.05

(.06) (.1) (.1) (.14)

R2 (within) .517 .525 .398 .055

N 318 318 318 318
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N. regions 99 99 99 99

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample is restricted to countries 
with lower-middle or low income. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A15. OLS results for the impact of regional 3G coverage on gender ratios in labour market outcomes

EMP2POP UNE2POP NEET % Agriculture % Services % Industry % Employees % Contributing family 
workers 

% Own account 
workers

% Employers

Panel A: Full sample

3G coverage (%) 0.0 -0.03 0.24* 0.02 0.05 -0.01 0.0 -0.38 -0.08 0.09

  (.01) (.07) (.13) (.06) (.03) (.03) (.03) (.32) (.08) (.06)

R2 (within) .09 .064 .132 .052 .044 .01 .024 .024 .045 .044

Panel B: Upper-middle- and high-income countries

3G coverage (%) -0.01 -0.07 0.13 -0.05 0.04** -0.05** 0.01 -0.14 -0.01 0.01

  (.01) (.06) (.13) (.05) (.02) (.02) (.02) (.33) (.04) (.06)

R2 (within) .229 .08 .133 .061 .103 .078 .035 .02 .12 .036

Panel C: Low- and lower-middle-income countries

3G coverage (%) 0.05 0.45 1.41** 0.68 0.17 0.22 -0.11 1.33 0.16 -0.03

  (.04) (.39) (.69) (.51) (.37) (.24) (.18) (1.4) (.35) (.08)

R2 (within) .204 .136 .208 .096 .131 .046 .099 .162 .059 .215

N 647 647 621 579 586 565 643 619 640 538

N. regions 227 227 226 224 227 225 227 225 225 214

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G coverage (0-100), controlling for region and year 
fixed effects and region-specific controls. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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	X Table A16. OLS and IV results for the impact of regional 3G coverage on labour force participation and sta-
tus on the population of individuals aged 15-64

OLS results IV results

  LFPR 

15-64

EMP2POP 
15-64

UNE2POP

 15-64

LFPR 

15-64

EMP2POP 
15-64

UNE2POP

 15-64

First stage

Lightning x Year -0.74*** -0.74*** -0.74***

(.24) (.24) (.24)

First-stage 
F-statistic

9.22 9.22 9.22

Panel A: Total

3G coverage (%) 0.0 -0.01 0.01 -0.03 -0.2* 0.17**

(.01) (.01) (.01) (.06) (.1) (.07)

R2 (within) .06 .075 .241

Panel B: Women

3G coverage (%) 0.0 -0.01 0.01 -0.07 -0.21** 0.14**

(.01) (.01) (.00) (.07) (.1) (.06)

R2 (within) .061 .089 .194

Panel C: Men

3G coverage (%) 0.0 -0.01 0.01 0.01 -0.19* 0.19**

(.01) (.01) (.01) (.06) (.11) (.08)

R2 (within) .097 .067 .253

N 4313 4313 4313 4007 4007 4007

N. regions 1099 1099 1099 831 831 831

Controls Yes Yes Yes

Fixed effects Yes Yes Yes

Note: The table shows results from OLS and IV regressions of the outcome variables reported in the column headings on re-
gional 3G coverage (0-100), controlling for region and year fixed effects and region-specific controls. In the first stage of the IV 
regressions, 3G coverage is instrumented with an indicator for regional lightning frequency above median, interacted with year 
fixed effects. The outcome variables are calculated for the population of individuals aged 15-64. P-values are denoted as follows: 
* p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A17. OLS results for the impact of regional 3G coverage on labour force participation and status, re-
moving high-income countries from the sample

  LFPR EMP2POP UNE2POP NEET rate

Panel A: Total

3G coverage (%) 0.01 0.03** -0.02*** 0.03

(.01) (.01) (.01) (.04)

R2 (within) .135 .162 .274 .128

Panel B: Women

3G coverage (%) 0.01 0.03* -0.02*** 0.05

(.02) (.01) (.01) (.04)



65  ILO Working Paper 180

R2 (within) .147 .161 .188 .126

Panel C: Men

3G coverage (%) 0.01 0.02* -0.02** 0.02

(.01) (.01) (.01) (.03)

R2 (within) .142 .192 .299 .15

N 1758 1758 1758 1758

N. regions 517 517 517 517

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample excludes high-income 
countries. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.

	X Table A18. OLS results for the impact of regional 3G coverage on labour force participation and status, re-
moving countries with baseline coverage above 80 per cent

  LFPR EMP2POP UNE2POP NEET rate

Panel A: Total

3G coverage (%) 0.01 0.01 0.0 0.04

(.01) (.01) (.00) (.02)

R2 (within) .108 .141 .309 .142

Panel B: Women

3G coverage (%) 0.01 0.01 0.0 0.04

(.01) (.01) (.00) (.03)

R2 (within) .082 .138 .238 .144

Panel C: Men

3G coverage (%) 0.01* 0.0 0.01* 0.04

(.01) (.01) (.01) (.02)

R2 (within) .18 .133 .335 .142

N 2960 2960 2960 2960

N. regions 579 579 579 579

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS regressions of the outcome variables reported in the column headings on regional 3G 
coverage (0-100), controlling for region and year fixed effects and region-specific controls. The sample excludes countries with 
baseline coverage above 80 per cent at the national level. P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01
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	X Table A19. Comparison of ANCOVA sample and full analysis sample

ANCOVA sample Full sample

  No. of 
countries 

% of 
group 
popula-
tion 

% of 
group la-
bour force 

No. of 
countries 

% of 
group 
popula-
tion 

% of 
group la-
bour force 

Low-income countries 1 4 4 4 13 15

Lower-middle-income countries 5 7 8 8 15 15

Upper-middle-income countries 8 26 25 16 29 28

High-income countries 22 55 54 24 56 55

Note: The table compares the country coverage for the ANCOVA analysis sample to the country coverage for the main sample 
used throughout the paper.

	X Table A20. ANCOVA results for the impact of regional 3G coverage on labour force participation and status

  LFPR EMP2POP UNE2POP NEET rate

Panel A: Total

3G coverage (%) 0.03 0.02 0.02** -0.04**

(.02) (.02) (.01) (.02)

R2 (within) .789 .829 .842 .853

Panel B: Women

3G coverage (%) 0.03 0.02 0.02* -0.07***

(.03) (.02) (.01) (.02)

R2 (within) .827 .854 .861 .889

Panel C: Men

3G coverage (%) 0.03 0.01 0.02*** 0.0

(.02) (.02) (.01) (.02)

R2 (within) .853 .86 .794 .766

N 2219 2219 2219 2219

N. regions 517 517 517 517

Controls Yes Yes Yes Yes

Fixed effects Yes Yes Yes Yes

Note: The table shows results from OLS ANCOVA regressions of the outcome variables reported in the column headings on 
regional 3G coverage (0-100), controlling for year fixed effects, the baseline level of the outcome variable and region-specific 
controls. The sample is restricted to countries with at least one observation in or before 2012, and one observation after 2012. 
P-values are denoted as follows: * p < 0.10, ** p < 0.05, *** p < 0.01.
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