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Abstract

While mobile internet diffusion in the last decade has led to significant growth and

improvements in household income and employment, much less has been studied on

education attainment outcomes, which matter especially for developing countries’ hu-

man capital policies for development catch-up. In this paper, we find that 3G internet

diffusion improves lower-secondary school attainment but discourages upper-secondary

achievement of youth in Viet Nam. We rationalize these findings through an education

– employment tradeoff perspective by considering the opportunity costs of schooling

vis à vis employment. We show that the diffusion of fast mobile broadband internet

is associated with more job opportunities and reduced returns to schooling during the

period 2012-2016 following fast diffusion. Our results offer implications for developing

countries’ education and human capital development policies in the age of (mobile)

digitalization.
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1 Introduction

Education and training are two crucial types of investment in human capital (Becker, 1994;

Goldin, 2024; Psacharopoulos & Woodhall, 1985). Investing in both formal and informal ed-

ucation and training fosters the development and enrichment of skills, knowledge, attitudes,

and motivation crucial for economic development (Psacharopoulos & Woodhall, 1985). Ev-

idence from the latest successful development catch-up cases of the so-called Asian tigers

shows that rapid and sustained economic growth relies on a well-trained, educated, diligent,

and conscientious labor force (Becker, 1994; Cherif & Hasanov, 2019; Malecki, 1997; Oqubay

& Ohno, 2019).

Mobile internet, like other information and communication technologies (ICTs), has

the potential to improve education system performances, efficiencies, and learning outcomes

by transforming teaching and learning processes, reducing access costs to information, as

well as to more interactive multi-media learning materials and resources in both formal

and non-formal, online and offline environments (Ali & Selmi, 2020; Vegas et al., 2019;

Wagner, 2018). However, empirical evidence remains mixed with both positive (Caldarola

et al., 2023) and negative (Bessone et al., 2021; Henriksen et al., 2022; Vargas-Montoya

et al., 2023) effects, or null results (Amez & Baert, 2020). The latter can be explained by

a multitude of factors, including different research methodologies (Witte & Rogge, 2014);

different educational outcomes, e.g., years of schooling, degrees attainment, or test scores;

and contexts or the structure of the economy (Livingstone, 2012; Vargas-Montoya et al.,

2023; Wagner, 2018).

In this paper, we analyze Viet Nam’s fast mobile internet diffusion during 2011-2015 and

its effects on secondary education attainment during the period 2012-2016. According to our

best knowledge, this is among the first papers estimating the impact of fast mobile broadband

internet (3G) diffusion on educational attainments. We address this gap by analyzing the

impacts of the roll-out of mobile internet on educational attainment among the tech-savvy

young population in a developing country, among which many have skipped desktops or lap-

tops and accessed the internet for the first time using mobile devices. In order to causally

identify the impact of the roll-out of fast broadband internet on educational outcomes, we

exploit the spatial variation of a natural phenomenon – lightning strikes, following state-of-

the-art approach in extant literature (Caldarola et al., 2023; Guriev et al., 2021; Manacorda

& Tesei, 2020), which increases the maintenance cost of the 3G internet infrastructure, with-

out directly affecting educational outcomes. We exploit the exogenous spatial variation in

lightning strikes in a Two-Stages Least Squares (2SLS) setting.
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The context of Viet Nam offers an interesting and meaningful case for analysis. Its

formidable performance in structural change, growth, and poverty reduction following tran-

sitions from a centrally planned economy in the 1980s has been a representative case for

development achievement by many international development institutes (WEF, 2018; World

Bank, 2016, 2019). On education, however, while attainments in primary and lower-secondary

school have grown greatly, many young people are still out of upper-secondary school (GSO,

2019a; Phan & Coxhead, 2023). The country has high employment rates, though a significant

share remains in the informal economy; youth, in particular, engage mostly in informal em-

ployment (ILO, 2015). Between 2012 and 2016, wage growth was positive for workers of all

education levels. Nevertheless, wages have grown more among employees with lower levels of

schooling (McGuinness et al., 2021), offering youngsters an incentive to join the labor market

before completing high school. In this context, the diffusion of a general-purpose technology

(GPT) like mobile internet can directly influence educational attainment in a positive way by

enhancing teaching and learning processes, and indirectly (negatively) by creating a trade-off

between schooling and labour market participation, in a context with decreasing returns to

higher-education. Such effects can raise the opportunity cost of schooling, thus impacting

individual educational demand, investment, and achievement.

Our analysis finds positive effects of 3G diffusion on lower-secondary degree attainments,

but a negative impact on upper-secondary levels. Additional analyses on youth labor market

outcomes suggest increased employment opportunities and returns on schooling as trade-off

mechanisms for the education investment of youth in Viet Nam. Further results disaggregated

by industries indicate that employment has grown in the manufacturing and service sectors,

and has shrunk in agriculture. Heterogeneity analysis shows that rural areas are more affected

than urban regions, thus reinforcing the opportunity cost hypothesis.

The negative impact of 3G diffusion on upper-secondary school attainment raises the

question of whether past growth patterns can be sustained in the age of technological change

(Nelson & Phelps, 1966), especially with the increasing complexity and velocity that de-

mand advanced education and training (WEF, 2021). This poses challenges to the national

targets for upper-middle income in 2030 and high-income in 2045-2050 (MOF, 2019). Our

results offer a recent evaluation of the impacts of mobile internet diffusion over 2012–2016 on

secondary-level education; we also shed light on the differential effects within secondary ed-

ucation by separating upper- and lower-secondary schools and for degree attainment, which

matters more for labor market outcomes than enrolment or grade attainment.

Our study overall contributes to the emerging literature of mobile internet development

outcomes in general, and educational attainment outcomes in particular. The results have
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important implications for educational and human capital policies for developing countries

who are in the process of upgrading their human capital and productive structure to reach

higher income levels in the age of (mobile) digitalization, given its fast diffusion.

In the next sections, we present the related literature in Section 2; background and

context information is provided in Section 3; then, Section 4 describes the data sources

and descriptive analysis, and Section 5 states our empirical strategy; our research results,

including main results and mechanisms analyses, are shown in Section 6; Section 7 concludes.

2 Background literature

This section provides a summary of the extant literature on mobile internet and educational

outcomes, followed by a synthesis of the extensive literature on the effect of the diffusion of

fast broadband services on employment. The latter is relevant to the education-employment

trade-off dynamics triggered by the diffusion of mobile internet.

2.1 Mobile internet and education

The ICTs for education (ICT4E) literature (Rodŕıguez et al., 2012; Stratton et al., 2020;

Wagner, 2018) highlights that ICTs1 have the potential to benefit the education system by

enhancing its performance and effectiveness directly through the transformations of teach-

ing/ instructing and learning processes via the applications of ICTs, particularly ed-tech

in both formal and non-formal educational environments (Adomi & Kpangban, 2010; Ali

& Selmi, 2020; Bianchi et al., 2022; Eisenberg & Pares, 2014; Parsons, 2016; Vegas et al.,

2019). These changes, in turn, can affect students’ outcomes, including years of schooling,

degree attainment, and quality dimensions like specific skills, test scores, as well as attitudes.

Nevertheless, the positive effects or success are often claimed before extensive research has

been conducted (Livingstone, 2012; Vargas-Montoya et al., 2023; Wagner, 2018), and many

studies have found both beneficial and detrimental or null effects of ICT interventions on

learning. The detected mixed impacts are often due to issues of device or technological qual-

ity and affordability, lack of training (for teachers and students), lack of localized content

(Dodson et al., 2013; Rangaswamy & Cutrell, 2012; UNESCO, 2023; West & Chew, 2014); or

in terms of measurement of different outcomes, whether quantity or quality, and short-term

or long-term, in which the manifested effects can be immediate or fade away over the long run

(Aker & Ksoll, 2018; Banerjee et al., 2007; Belo et al., 2014; Faber et al., 2015; Fernández-

Gutiérrez et al., 2020; Pauw et al., 2022; Schoellman, 2012). Additionally, there can be

1Including radio, television, movies, computers, internet, mobile phones, and tablets.
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significant effect heterogeneity within the population, moderated by individual or contextual

characteristics, which might particularly help the poorer groups by improved access to more

information and learning materials, but could also drive further inequalities given the large

gaps in (digital) skills and/or accompanied infrastructure (Altinok et al., 2018; Bhutoria &

Aljabri, 2022; Duflo et al., 2011; Rani et al., 2019; Vargas-Montoya et al., 2023).

At the aggregate or population level, there are indirect effects through labor market

outcomes, in which the ICT sector creates (or displaces) employment opportunities, whether

in the ICT sector or spillovers to others (Akerman et al., 2015; Briglauer et al., 2024; Crandall

et al., 2007; Falck et al., 2021; Kolko, 2012), leading to changed returns to education and/or

opportunity costs of schooling, and consequently, demands and investment on education. The

net effect is further influenced by the availability of labor and skills in the labor market and

credit constraints for education investment (Atkin, 2016; Becker & Tomes, 1986; Federman

& Levine, 2005). There could also be differential effects in terms of signs and/or magnitudes

for different technologies within the ICT sector (Bertschek et al., 2015; Spiezia, 2012; Stanley

et al., 2018), as well as in the short term or the long run (Holt & Jamison, 2009; Kallal et al.,

2021; López-Bassols, 2002; Pantea et al., 2017).

Specific literature on mobile internet and educational attainment is scant. A number

of relevant studies focus on test scores and explain the results from the micro dimension of

students’ time spent on technology use for learning or other purposes. The micro-level litera-

ture suggests potential positive effects such as near-zero marginal cost of e-learning materials,

Anywhere Anytime Learning (AAL), or collaborative learning, and mobile notifications and

learning analytics (Bernacki et al., 2020; Steinkuehler & Squire, 2014; Tabuenca et al., 2015;

Wood et al., 2012). Concurrently, there are negative effects due to distraction, lost atten-

tion, and other unhealthy content (Amez & Baert, 2020; Felisoni & Godoi, 2018; Q. Jones

et al., 2004; Lin et al., 2021; Roetzel, 2019). Fewer studies have measured the net causal

effect, and most of the analyses that rely on micro-level mobile internet adoption and time

use have found negative effects on cognitive test scores, like math and Portuguese language

test scores for 5th or 9th-grade students in Brazil (Bessone et al., 2021); math and reading

average scores, and increased dropout rates of students in primary and secondary schools

also in Brazil (Henriksen et al., 2022), arguing on the competition between productive and

non-productive time spent on the internet.

Thus, it can be seen that there is a large gap in the extant literature on the impact of

mobile internet on degree attainment levels, which matter for labor market outcomes and hu-

man capital investment. This is particularly true for developing countries that are committed

to catching up and escaping the middle-income trap by leveraging digital infrastructure.
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2.2 Mobile internet and employment opportunities

As a GPT like other ICTs, mobile internet creates new jobs in the ICT sector and multiplier

effects in other sectors, which are available to both high and less-educated workers; and

enhances productivity and innovation, particularly of micro, small, and medium enterprises

(MSMEs) (Bahia, Castells, & Pedros, 2020; Caldarola et al., 2023; Gaglio et al., 2022; Hjort

& Poulsen, 2019). In the context of Viet Nam, Pham (2023) shows that mobile internet’s

fast diffusion results in improved (trained) employment rates, (formal) wages, and household

income per capita across provinces during 2010-2016.

Trade and foreign direct investment in developing countries have also intensified, ac-

celerating the structural transformation towards manufacturing and services (GSMA, 2020).

With regards to manufacturing, Zhong et al. (2020)’s review shows that internet improves

the performance and productivity of manufacturing firms, with mediation effects on firm

innovation, transaction costs, supply chain transformation, and human capital training for

e-businesses or traditional manufacturing firms. On service sectors, Ndubuisi et al. (2021)

find significant positive effects of digital infrastructure on the service sector’s employment in

Sub-Saharan African countries over the period 1996–2017. The employment generation in

the service sector is particularly stronger for the groups at the base of the pyramid – countries

at low levels of education. Digitalization and computerization can cause increased diversity

in consumer preferences (over specialization), and at the same time, further automation of

routine jobs with a lower effect on service tasks, leading to job polarization (Autor & Dorn,

2013). A review provided by Martins-Neto et al. (2023), however, shows that job polarization

in developing and emerging countries is only incipient compared to advanced economies.

Regarding employment types, the literature has shown significant positive impact of mo-

bile internet on waged employment and non-farm self-employment, while a negative effect on

farm employment following improvements in information diffusion, communication, market

functioning, and market access towards enhanced market efficiencies and more productive

sectors (Aker & Mbiti, 2010; Bahia et al., 2024; Blumenstock et al., 2020; Paunov & Rollo,

2015; Roessler et al., 2021; Suri & Jack, 2016; Viollaz & Winkler, 2022).

2.3 The opportunity cost of schooling

The impacts of technological change or major economic shocks on education can be both

positive and negative, depending on the interactions or synergies between the changes in the

demands of labor and skills, the expected returns to education, which represent the oppor-

tunity cost of schooling, and the impacts on income or liquidity constraints of educational
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costs (Atkin, 2016; Cascio & Narayan, 2022; Federman & Levine, 2005; Glewwe & Jacoby,

1998; Shah & Steinberg, 2021). The costs of education include two main components: i)

opportunity costs of foregone earnings or agricultural product while attending school, and ii)

direct resource costs (operating costs and implicit interest and depreciation) (Becker, 1994;

Glewwe & Jacoby, 2004; Schultz, 1960; Solmon, 1970); the resulting opportunity costs are

particularly higher for poorer families (Psacharopoulos & Woodhall, 1985).

The extant literature on education’s opportunity costs arising from technological diffu-

sion shows that the direction and magnitude of the impact depend on the interaction between

1) the nature of the shocks favoring low- or high-skilled labor, or both; 2) the supplies of

labor and skills relative to such demands; and 3) the time horizon of effects in the short

or long run. For instance, Atkin (2016) shows a case in Mexico where local expansions in

export-manufacturing industries during 1986-2000 reduced grade 9 attainment (transition

between secondary and high school) and increased school dropouts of cohorts exposed to

substantial factory openings at the age of 16 (compared to slightly younger or older cohorts

who did not). The effects are driven by less-skilled export-manufacturing jobs, which raised

the opportunity cost of schooling for students at the margin, suggesting that the rise in the

opportunity cost of schooling outweighs the rise in the return to schooling for youth dropouts.

Mosquera (2022) finds that exposure to the oil boom (for individuals born between 1940 and

1961) that began in 1972 in Ecuador decreased college completion (measured by the highest

completed schooling level in 2014). This negative effect is driven by the economic shock

favoring low-skilled jobs that increased the opportunity costs of education, thus making it

optimal for individuals to interrupt their education. Shah & Steinberg (2021) also find that

exposure to a large public works program that demands low-skill labor decreases schooling

enrollment and increases labor among adolescents (aged 13-17) in India during 2006-2008.

For children exposed to the program in utero to age four, there are, however, benefits later

in life, being more likely to be in school later, indicating that the program also generates

positive income effect.

The opportunity cost channel might be offset if there are relatively higher returns to

schooling. Adukia et al. (2020)’s analysis of India’s flagship road construction program

between 2001 and 2015 find positive results on middle-school (grade 6-8) enrollment. Such

effects are explained by heterogeneous treatment effects in which enrolments increased most

when nearby labor markets offer high returns to education (in most of rural India) and least

when they imply high opportunity costs of schooling (for only a small subset of villages).

The effect persists after five years, suggesting that the treatment effects are not driven by

labor demand shocks from road construction itself, which would occur during the building
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phase and then fade away.

In the case of Viet Nam, Glewwe & Jacoby (1998)’s descriptive evidence shows that

the opportunity cost of staying in secondary school for children aged 12-17 rose sharply

during the transitioning period from central planning in the late 1980s – early 1990s. The

transformation to a market economy opened up new employment opportunities that raised

the opportunity cost of secondary schooling enrolment. In rural areas, the transition from the

commune system to family farming increased households’ incentive to employ older children,

who might otherwise be attending school, leading to greater reductions in school attendance

in rural areas compared to urban regions. During this period, secondary school enrolment

declined in spite of robust income growth. Glewwe & Jacoby (2004), however, find significant

effects of improved household wealth on secondary school enrolment in the later period of

1993-1998, suggesting that the effects of the same variable can change over time.

The literature reviewed above shows that increased employment opportunities, wages,

and income, as well as the quality of labor market conditions, can, in turn, significantly affect

education investment and attainment. As a GPT, mobile internet can increase jobs of both

high and low skills (Caldarola et al., 2023; Hjort & Poulsen, 2019), which require tertiary or

secondary education degrees. Its net effects on education are dependent on the interactions

of the opportunity cost channel and the income effect. A stylized conceptual framework

can be seen in Figure A1 in the appendix. On the one hand, students may decide to drop

out of school to take advantage of new job opportunities and earn income or salaries – the

so-called opportunity cost channel (Atkin, 2016; Cascio & Narayan, 2022; Coxhead et al.,

2023; Federman & Levine, 2005; Shah & Steinberg, 2021). On the other hand, students

may decide to pursue education further if expecting prolonged opportunities and increased

returns to schooling (Atkin, 2016). Improved income can also increase demand for education,

thus producing contrasting influences on schooling decisions (Coxhead et al., 2023; Glewwe

& Jacoby, 2004). As a result, the net effect of new employment opportunities on education

is an empirical question.

3 Viet Nam context as a lower-middle income country

In this section, we provide an overview of the Vietnamese economic structure and conditions

of the education system and labor market, positing its relevance as a suitable case study to

analyze the impact of internet diffusion on educational attainment, through the lens of the

trade-off between education and labor market participation.
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3.1 Structural reforms, poverty reduction, and mass mobile inter-

net

Viet Nam reached the lower-middle income country (MIC) status in 2011 following more

than two decades of structural reforms since 1986. Its export-oriented economic model and

the large flows of FDI, particularly in labor-intensive manufacturing sectors, have led to

significant GDP growth2 and poverty reduction (from 37% in 2000 to below 2% in 2018)

(Boman, 2022). Households’ real income per capita has risen significantly, more than doubled

from 2010 to 2016 (GSO, 2019a). Labor productivity, however, remains low compared to

neighboring countries3 (McGuinness et al., 2021).

The country has high employment rates, with a significant share in the informal economy,

which accounted for around 32% of the total employment and had an increasing trend during

2014–20164 (Cling et al., 2011; ILO & ILSSA, 2018).

Percentages of the population using internet have increased exponentially, from 29% in

2010 to 60% in 2020 according to the World Bank Development Indicators (WDI) data,5 in

tandem with the rise of digital content; with mobile internet accounting for the majority of

internet users in Viet Nam (Appota, 2018; Holroyd, 2019). 3G coverage has risen greatly

from zero in 2011 to 84% in 2015, according to data from the Global System for Mobile

Communications Association (GSMA).

3.2 Education sector achievements and policies

Viet Nam’s K12 education system consists of a 5-4-3 structure, including five years of primary

or elementary school education, four years of lower-secondary (or middle school) education,

and three years of upper-secondary (or high school) education (for more details, see London

(2011), p.20). The management of upper- and lower-secondary schools are under provincial

and district administrations, respectively (MOET & MHA, 2011), while universities are usu-

ally under the Ministry of Education and Training (MOET) and vocational colleges managed

by the Ministry of Labour, War Invalids and Social Affairs (MOLISA) (Tran & Nguyen, 2022;

tuoitre, 2023). The national education system is predominantly public, with private sector

27.5 percent between 1995 - 2007/2008 (Asian financial crisis), and 5–7 percent between 2008 and 2012.
The slower growth in the later period reflects structural challenges and an infrastructure that does not really
match the needs and demands of the growing middle class (London, 2011).

3At approximately 18 percent of Malaysia’s, 37 percent of Thailand’s, or 42 percent of Indonesia’s in 2016
Purchasing Power Parity (PPP) values.

4Percentages for rural areas were 27.4 to 29.5; for urban areas were 42.3 to 43 percent.
5https://data.worldbank.org/indicator/IT.NET.USER.ZS?end=2022&start=2010
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enrollments typically making up a small proportion6 (Tran & Nguyen, 2022).

The enrolment rates at primary, lower-secondary, and upper-secondary schools in the

2019 Population and Housing Census (PHC) are 101.0%,7 92.8% and 72.3% respectively;

among these, the rates for children of schooling ages are 98.0%, 89.2% and 68.3% respectively

(GSO, 2019b). For enrolment in upper-secondary school, students also need to pass entry

exams following lower-secondary degree completion (Rolleston & Iyer, 2019; Tran & Nguyen,

2022). While the country has reached universal primary and near-universal lower-secondary

education8 with a significant rise in tertiary degree attainment rates, upper-secondary degree

completion rates remain low, with high rates of youth’s dropout from upper-secondary school9

(Coxhead et al., 2023; Phan & Coxhead, 2023). Schools in Viet Nam often have access to

fixed internet, while smartphone use during class is usually not allowed (Trinh et al., 2019).

According to a survey conducted in 2013 by the national General Statistics Office (GSO)

in collaboration with the ILO for youth aged 15-29 (ILO, 2015), the three main reasons why

youth left school before completion are i) not interested in education/ training, ii) economic

reasons (affordability), and iii) wanted to start working.10 In terms of costs, while public

education is theoretically accessible by all for a relatively modest fee, private spending on

upper-secondary schooling is equal to more than 50% of public spending at the same level11

(Phan & Coxhead, 2023; Rolleston & Iyer, 2019). Education expenditure as a share of

total government spending has been progressively increasing, but it remains relatively low

compared to other countries at the same income levels (N. Jones et al., 2007).

3.3 Labor market conditions and returns to schooling

While the unemployment rates of the labor force are low (2.05% in 2019), the shares of the

population aged 15-24 account for the highest shares among all age groups (44.4%) (GSO,

2019b). Unemployment rates of urban areas are nearly doubled that of rural areas’ (GSO,

6The proportions were: nurseries (49%); kindergartens (21%); primary and lower-secondary schools
(1.4%); upper-secondary schools (9%); vocational schools and colleges (55%); and universities (23%) in
academic year 2019–2020 (Tran & Nguyen, 2022).

7Assume to include schoolgoers who are older than schooling ages.
8The transition rate from lower-secondary to upper-secondary school is 85 percent; while rates of adoles-

cents out of lower-secondary school are 19 percent, data from 2013 (Phan & Coxhead, 2023).
946 percent of youth are out of upper-secondary school; compared to Thailand’s 22 percent, data in 2013;

from age 15 to 18, the overall net enrolment rate declines from over 90 percent to just over 50 percent (Phan
& Coxhead, 2023).

1032.1, 31.7, and 14.9 percent respectively. Other reasons include failed examinations, no school nearby,
and others.

11The actual costs include substantial investment in private, extracurricular lessons, which are widely
perceived as essential for students to do well in their standard coursework, particularly for achieving high
scores on standardized tests necessary for admission to higher education institutions.
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2019b). The majority of youth working in waged jobs are employed in industry and services

sectors (46.7% and 43% respectively), while most self-employed youth are working in services

and agriculture (ILO, 2015). Most employed youth aged 15-29 have low educational levels,

with 28.1% having completed lower-secondary school education, followed by 21.8% of primary

school degree, and 21.6% of upper-secondary school (ILO, 2015).

Returns to educational investment in Viet Nam have decreased since the last economic

crisis in 2007. Returns to upper-secondary schooling, for example, are low, with wage offers

to grade 12 graduates barely above those to job-seekers with grade 9 qualifications (Boman,

2022; Phan & Coxhead, 2023). Higher education has been oversupplied relative to demand

(Boman, 2022), though the absolute values of tertiary shares are still far less than other

neighboring countries and lower than China, South Korea, or Japan at the respective timeline

of development (Phan & Coxhead, 2023). There are reports that the percentage of workers

with tertiary qualifications working in secondary education level jobs increased from 15.4%

in 2012 to 22.2% in 2017 (ILO & ILSSA, 2018). Skill shortages and skill mismatches remain

constraints for business expansion despite past increased investment in education (Eckardt

et al., 2016; World Bank, 2014).

Between 2012 and 2016, while wage growth was positive for workers of all education

levels, the rate of growth was much higher among employees with lower levels of schooling

(McGuinness et al., 2021), due to an increase in the dominance of lower value-added FDI

firms. Coxhead et al. (2023) also find that labor demand growth from investments that

leverage abundant blue-collar labor both increase incomes and raise the opportunity cost

of schooling. In their sample of Viet Nam rural provinces, they show that higher shares

of districts’ FDI local employment play a significant role in discouraging education towards

upper-secondary level (reduced districts’ participation rates of grade 10 entry tests to upper-

secondary school). They conclude from their models controlling for students’ abilities that

for poorer individuals, labor market effects or opportunity cost channel dominates income

effects.

In addition to the general trends of structural transformation and FDI12 patterns, a

GPT-like technology such as mobile internet can directly influence educational attainment

via mobile learning technology inputs and indirectly via employment opportunities, partic-

ularly for youth who tend to be more tech-savvy. Mobile internet in the 2010s has led to

significant rises in both high and low-skilled jobs in Viet Nam, including app developers and

project managers. Moreover, there have been increased sales and openings of micro, small,

and medium enterprises (MSMEs) leveraging mobile banking, online marketplaces, platform

12Annual FDI inflows during 1986-2018 averaged 6 percent of GDP (Coxhead et al., 2023).
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economies, and others (Arnold & Taş, 2019; Mandel, 2015). Such effects can raise the op-

portunity cost of schooling, thus impacting individual educational demand, investment, and

educational achievement.

After describing in detail the relevance of the Vietnamese context, we next present

our data and empirical strategy to estimate the impact of mobile internet on educational

attainment, and to assess the role of rising job opportunities in mediating this relationship.

4 Data and descriptive analyses

For our empirical analysis of education attainment, we incorporate multiple secondary databases

from national and international sources. Our unit of analysis is provincial level, due to data

availability and also the fact that upper- and lower-secondary education are under provincial

and district administrations respectively13 (MOET & MHA, 2011).

4.1 Youth’s educational attainment and employment

To begin with, we use individual-level data from the Viet Nam Household Living Standard

Survey (VHLSS) to calculate the rate of educational attainment levels for primary and sec-

ondary schools in the provinces of Viet Nam. The VHLSS is conducted biennially by the

national General Statistics Office (GSO). Weighted samples in the surveys are designed to be

representative of provincial, regional, and national level population (Benjamin et al., 2017;

Tarp, 2017). There are 58 provinces and five cities under central government14 (total 63

provinces hereafter) since 2010. The average size of a province is 1.4 million people. Our

unit of analysis is 63 provinces as regional economies with variant levels of infrastructure and

human capital.

In this paper, we focus on youth in the labor force age, which starts from 15 and up to

25, with the intention to include youth who can still complete secondary school levels after

common ages of degree attainment at 15 for lower-secondary or 18 for upper-secondary level.

This age range also follows the UN definition of youth (UNDESA, n.d.). Most youth aged

15–25 own lower-secondary school degrees, followed by upper-secondary school level. During

2012-2016, upper-secondary degree ownership rates peaked in 2014 at 28.26% from 27.2% in

2012, then reduced slightly to 27.15% in 2016. In the same period, lower-secondary degree

attainment rates were highest in 2016 at 39.88%, increased from 36.55% in 2014. Tertiary

13The administrative levels in Viet Nam in decreasing order are province, district/ town, and commune/
ward.

14Ha Noi, Ho Chi Minh City, Hai Phong, Da Nang, and Can Tho.
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degree shares increased gradually from 4.8% in 2012 to 7.6% in 2016.

Over the period 2012-2016, most young people work in self-employed agriculture or

waged jobs, a lower number of young adults working in self-employed non-agricultural jobs.

The shares of waged employment surpassed self-employed agricultural jobs after 2013 (Figure

A3 in the appendix). Wages among youth have increased significantly, almost doubling during

2012-2016.

4.2 Mobile internet coverage

Data on mobile internet coverage are sourced from the Global System for Mobile Commu-

nications Association (GSMA) in partnership with Collins Bartholomew. The original data

consists of a raster of 1 km × 1 km cells for each year, with each cell reporting dichotomous

information on the presence of 2G, 3G, and 4G networks in every time period. In the anal-

ysis, we will consider the first two technologies, with particular emphasis on 3G, the first

mobile fast broadband technology; 2G is used as a control in the analysis. Following the

approach by Mensah (2021), the mobile internet raster is overlaid upon a population density

raster, obtained from SEDAC (Gao, 2020). In order to compute the share of the population

with access to 2G and 3G mobile services, the stacked raster datasets are aggregated to the

province level by dividing the sum of the population with access to 2G and 3G within each

province (i.e., the sum of population living in cells with access to each technology) by the

total population of the province. During this period, average provincial 3G coverage has risen

greatly from zero in 2011 and below 1% in 2013 to 84% in 2015, though there are disparities

between provinces, as can be seen in Figure A4 in the appendix.

As a robustness test, we also include the OpenCellID data,15 a collaborative community

project run by Unwired Labs – a geolocation service provider – which has been used in a

number of studies (Hodler & Raschky, 2017; Iacoella & Tirivayi, 2021; Viollaz & Winkler,

2022). The database offers information on cell towers’ longitude and latitude16 and date

and time signal collected. OpenCellid is the largest publicly available and daily updated

database of cell towers. Tower geolocations are based on data collected from mobile phone

users, resulting in coverage that is often concentrated along routes and in built-up areas; also,

only Android or Blackberry apps collect this data (not iOS), so coverage is more extensive

in countries where these specific apps are popular, which are the case in developing coun-

tries particularly (FAO, 2021). Number of 3G towers whose signals collected have increased

significant in the period, see Figure A5 in the appendix.

15www.opencellid.org/downloads.php
16Averaged longitude and latitude were provided when more than one signal was received.
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4.3 Other variables

Infrastructure like road networks can affect both mobile internet installation and educational

investment and attainment. Road length networks in spatial data format are available from

the Open Mekong Development,17 which are then calculated for provinces using GIS soft-

ware. During 2012-2016, road network lengths have grown greatly, with growth rates ranging

between 6.8% to 8.9% per year.

Data on provincial average household income and population are also available from

VHLSS reports (GSO, 2016, 2019a).

Summary statistics for the main variables are shown in Table 1 below. A graphical

description of the relationship between the mobile internet coverage, lagged by one year, and

upper- and lower-secondary attainment rates are shown in Figures A6 and A7, respectively

in the appendix. The lagged transformation is employed due to the fact that there can be a

time lag dimension of educational decisions and investment responding to the arrival of new

job opportunities.

Table 1: Summary statistics

N Mean Std.dev. Min Max

Shares of upper-secondary degree 189 .274 .0968 .0753 .511
Shares of lower-secondary degree 189 .379 .0619 .234 .534
Shares of tertiary degree 189 .0636 .0413 0 .178
Yearly wages (thousands VND) 189 17935 12593 439 70070
Shares of waged jobs 189 .327 .102 .0931 .642
Shares of non-waged agri jobs 189 .314 .225 0 .893
Shares of non-waged non-agri jobs 189 .0624 .0364 0 .220
Share of jobs with insurance 189 .0918 .0758 0 .427
Share of jobs without insurance 189 .182 .0842 .0116 .428
Lag 1 of 3G coverage shares 189 .282 .410 0 1
Lag 1 of 2G coverage shares 189 .918 .121 .330 1
Shares of pop aged 15-25 189 .179 .0311 .0954 .254
Average household income ln 189 7.724 .369 6.654 8.543
Road length ln 189 13.251 .564 11.764 14.571
Lightning strikes share per capita 189 .00807 .00684 .000423 .0314
Population (thousands) 189 1443 1272 303 8479

17https://data.opendevelopmentmekong.net/organization/ Viet Nam data are available for the years 2007
and 2016, which are then interpolated for the years in between.
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5 Methodology

Our analysis at the aggregate province level can offer evidence of the network and general

equilibrium effect of mobile internet on educational outcomes. The main equation used to

estimate mobile internet’s effect on educational attainment is:

yit = β0 + β1Covit−1 +Xit + fi + γt + ϵit (1)

where yit is provincial educational outcomes at year t (percentages of the population

with upper- or lower-secondary degrees of the population aged 15-25); Covit−1 is the shares

of 3G signal coverage of province i at year t − 1; Xit refers to a set of control variables

measured at province level (shares of 2G coverage, road length networks, average household

income per capita, shares of population 15-25 years old); fi for province fixed effects which

can control for different trends in market outcomes across geographical units (e.g. local

tradition or culture on educational aspirations); γt for time fixed effects (e.g., a general rise

in tech-savvy culture); and ϵit denotes is the idiosyncratic error term.

5.1 Causal identification

It is unlikely that the rollout of the mobile internet infrastructure, consisting of mobile

phone towers, is as good as random. Mobile internet providers will plan the expansion of the

network coverage based on the expected benefits – based on the potential market benefits

deriving from a higher customer base in densely inhabited areas – and costs deriving from

the maintenance of the infrastructure. This highlights the presence of multiple sources of

endogeneity in Equation 1, as our mobile coverage variable may be correlated to unobservable

features, such as market potential. Moreover, we cannot exclude a possible reverse causal

relationship between educational outcomes and the diffusion of mobile broadband services,

as regions with higher educational attainments may drive the adoption of internet services,

creating a higher demand for educational, professional development, or information services.

Finally, given the nature of the data on 3G coverage, where mobile phone service providers

disclose to the GSMA the location of their cell towers, we cannot exclude the possibility of

measurement error in the key explanatory variable measuring the share of population with

access to mobile fast broadband services.

In order to address this source of endogeneity, we exploit a source of geographical varia-

tion that directly affects the cost of maintaining the mobile internet infrastructure: lightning

strikes. By causing power dips and spikes, as well as electromagnetic interference due to elec-
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tromagnetic pulse generated by a lightning strike, the occurrence of lightning significantly

affects the maintenance cost of cell towers. This is due to the fact that cell towers that are

installed in areas with high exposure to lightning will require additional and costly equip-

ment – such as surge protectors / suppressors, or electromagnetic pulse shielding devices –

to neutralize the shocks caused by this electromagnetic phenomenon. In a seminal paper on

the relationship between lightning and ICT diffusion, Andersen et al. (2012) shows how the

spatially heterogeneous exposure of US States to lightning explains their differential rate of

ICT diffusion and the uneven patterns of productivity slowdown that follow, based on the

mechanism illustrated above.

We follow a widespread strategy in the contemporary empirical literature on the socio-

economic impacts of mobile internet diffusion (Caldarola et al., 2023; Guriev et al., 2021;

Manacorda & Tesei, 2020; Mensah, 2021), by exploiting the spatial variation in lightning

strikes as an instrument for the diffusion of mobile internet. To construct our instrument,

we utilize two different sources of data. First, the density of lightning strikes is sourced

from the World Wide Lightning Location Network (WWLLN) Global Lightning Climatology

and Timeseries (Kaplan, 2023). The lightning data provided by the WWLLN contains cells

of 5 arcminutes (approximately 9 kilometers at Vietnam’s latitude), measuring the density

(lightning strikes per square kilometer) in each cell. As we are interested in capturing the

decision of mobile phone service providers driven by cost-benefit considerations, we aim at

building a measure of lightning per capita, using data on province population from VHLSS

reports (GSO, 2019a). To do so, we first average lightning density by province; second, we

obtain the total number of strikes in a given year by province, by multiplying density by

province area. Last, we divide the total number of strikes at the province level by province

population each year. However, as demonstrated by Andersen et al. (2012), lightning is a

stationary phenomenon as its time variation is stochastic. Therefore, our final instrument is

a time-invariant measure of exposure to strikes per capita, obtained by averaging strikes per

capita over the period of analysis. In order to implement a Two-Stages Least Squares (2SLS)

estimation, we interact the instrument with a time trend.

The first stage of our 2SLS estimation strategy is therefore given by the following equa-

tion:

Ĉovit = γ0 + γ1Zit + γ2Xit + fi + θt + νit (2)

where Zit = lightningi ∗ t; with lightningi as the average number of lightning strikes

per capita of province i between 2012–2016, t captures the generalized increase in mobile
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phone coverage across the country during 2012-2016; fj and θt denotes province and time

fixed effects respectively similarly to the second-stage equation; νit as the idiosyncratic error

term.

6 Empirical results

In this section, we first present the baseline and 2SLS results on the effect of 3G internet

rollout on secondary school attainments in Vietnamese provinces. We then perform a number

of robustness tests, followed by mechanisms analysis of youth’s labor market outcomes.

6.1 Main results

Results on the effect of the first lag of mobile internet access on upper secondary school

attainment within the age groups 15-25 are presented in Table 2 below. There are null

results for OLS FE models (columns (1) and (2)), which are likely to have downward bias

due to a number of factors, including potentially measurement error causing attenuation

bias, time-variant omitted variables, or the fact that provinces with lower levels of education

attainment might be influenced differently from 3G coverage diffusion’s educational impacts.

The effect sizes of the FE-IV models (columns (3) and (4)) are negative and statistically

significant. A quantification exercise shows that a move from the sample’s 25th percentile

of 3G coverage distribution to its 75th percentile is associated with 17.7 percentage point18

reductions in the provincial shares of upper-secondary degree ownership, taking the average

of the effect sizes in non-weighted and weighted models. Alternatively, it suggests that a 10

percentage point increase in 3G coverage during 2011-2015 led to 2.45 percentage points19

reduced in upper-secondary degree attainment rates in 2012-2016.

18(0.723-0)*(-0.296-0.194)/2
19(-0.296-0.194)/2*10
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Table 2: Mobile internet coverage and Upper-secondary degree attainment shares

FE FE-IV
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted

Lag 1 3G 0.0599 0.00680 -0.296∗∗ -0.194∗∗

(0.0566) (0.0577) (0.131) (0.0912)

1st stage lightning strikes -22.878∗∗∗ -29.510∗∗∗

(5.657) (5.579)

Lag 1 2G 0.123 -0.0236 -0.138 -0.571∗∗∗ -0.146 -0.527∗∗∗

(0.0793) (0.102) (0.118) (0.202) (0.105) (0.177)

Share pop. 15-25 0.184 0.123 0.383 0.682∗ 0.272 0.653∗

(0.265) (0.239) (0.311) (0.378) (0.273) (0.361)

Average HH income ln -0.00814 -0.0380 -0.0333 -0.152∗ -0.0553 -0.148
(0.0773) (0.0792) (0.0675) (.0927) (0.0752) (0.0836)

Road length ln -0.0256 0.0135 0.232 0.485∗∗∗ 0.157 0.418∗∗∗

(0.0922) (0.103) (0.139) (0.120) (0.115) (0.114)

Constant 0.514 0.414
(1.404) (1.251)

Observations 189 189 189 189 189 189
Province FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.783 0.789
Mean DV 0.275 0.275 0.275 0.275
Kleibergen-Paap Wald F-stat 16.36 27.97

Notes: Each column reports estimated effects of lag 3G coverage on provincial upper-secondary degree
attainment rates among youth aged 15-25. Columns (1) and (2) employ province and year FE; columns (3)
and (4) employ FE-IV method. Columns (1) and (3) are models without population weights, while the rest
have population weights. The instrument is lightning strikes per capita. Standard errors are clustered at
the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

The first-stage results show that provinces with higher lightning strikes per capita have

lower 3G coverage, in line with the extant literature. The relevance of the instrument, shown

by the F-statistics in Table 2 are well above the minimum of 10 (Stock & Yogo, 2005).

While household income grew significantly in Viet Nam during 2010-2016 (almost dou-

bled in our data), it does not seem to play a significant role in education attainment, sug-

gesting that income growth is not automatically accompanied by increases in human capital

investment in Viet Nam (Glewwe & Jacoby, 1998), and other factors might be more important

in influencing individual education decision and attainment.

We move on by examining the effect of fast mobile broadband internet on lower-secondary

degree attainment shares. There are positive effects of mobile fast internet access on lower-
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secondary degree attainment rates, as shown in Table 3 below (columns (3) and (4) for

FE-IV models). The effect sizes indicate that a move from the sample’s 25th percentile of

3G coverage distribution to its 75th percentile is associated with 20.3 percentage point20 im-

provements in the provincial shares of lower-secondary degree ownership, taking the average

of the effect sizes in non-weighted and weighted models. Alternatively, it suggests that a 10

percentage point increase in 3G coverage during 2011-2015 led to a 2.8 percentage points21

rise in lower-secondary degree attainment in 2012-2016.

The effects of income variables are not significant, suggesting that income might not play

an influencing role in driving youth’s lower-secondary attainment. 2G coverage’s signs are

positive, though this is more likely correlation rather than causality since we do not address

the endogeneity of 2G coverage in these models.

The positive effects for lower-secondary and negative ones for upper-secondary levels as

above indicate that following 3G diffusion, youth aspire to attain lower-secondary degree but

not to pursue further education towards higher-secondary level.

20(0.723-0)*(0.296+0.265)/2
21(0.296+0.265)/2*10
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Table 3: Mobile internet coverage and Lower-secondary degree attainment shares

FE FE-IV
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted

Lag 1 3G -0.00256 0.0659 0.296∗∗ 0.265∗∗∗

(0.0501) (0.0469) (0.148) (0.0753)

Lag 1 2G 0.152 0.243∗∗ 0.372∗∗ 0.365∗∗∗

(0.119) (0.0920) (0.141) (0.0777)

Share pop. 15-25 -0.0485 0.0613 -0.216 -0.0868
(0.298) (0.254) (0.296) (0.230)

Average HH income ln -0.00616 -0.00675 0.0150 0.0104
(0.0758) (0.0632) (0.0809) (0.0624)

Road length ln 0.0442 0.0385 -0.172 -0.105
(0.0923) (0.0797) (0.137) (0.0879)

Constant -0.288 -0.348
(1.293) (0.997)

Observations 189 189 189 189
Province FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Adjusted R2 0.451 0.569
Mean DV 0.379 0.379 0.379 0.379
Kleibergen-Paap Wald F-stat 16.36 27.97

Notes: Each column reports estimated effects of lag 3G coverage on provincial lower-secondary degree
attainment rates among youth aged 15-25. Columns (1) and (2) employ province and year FE; columns (3)
and (4) employ FE-IV method. Columns (1) and (3) are models without population weights, while the rest
have population weights. The instrument is lightning strikes per capita. Standard errors are clustered at
the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

We also test the effects for tertiary, vocational, and primary school levels and find null

results (Tables B1, B2, B3 in the appendix). Regarding tertiary degrees, future details

for specific program types, e.g., for engineers or business, may, however, provide better

information.

In the next sections, we perform a number of robustness checks on the relationship

between mobile internet access and educational attainment and proceed by rationalizing our

findings using the information on wages and employment shares to show that labor market

outcomes induced by the diffusion of 3G mobile internet can explain our results.

6.2 Robustness checks

A number of tests are conducted as below to corroborate the robustness of our results for

provincial upper- and lower-secondary degree attainment rates.
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Firstly, we run the same analyses using alternative data for mobile internet coverage. We

compute the number of 3G cell towers of which signals are collected per province,22 which is

then divided by provincial population and transformed by natural logarithm. We find results

in the same direction for upper- and lower-secondary education, as can be seen in Table B4

in the appendix. First-stage results are significant and effect signs are in line with theories.

Secondly, we control for migration. VHLSS reports have data on provincial im- and

out-migration rates of population aged 15 years old and above (GSO, 2019a), which we use

as controls to ensure that our results are not driven by changes in migration flows between

provinces over time, following Oster & Steinberg (2013). Results in Tables B5 and B6 for

upper- and lower-secondary education, respectively, show that our effect sizes and magnitudes

remain robust. Thus, changing migration patterns are unlikely to explain the effects of 3G

diffusion on secondary school completion.

Third, in an effort to control for other factors at the regional level that might affect both

internet coverage and provincial educational outcomes, like regions’ educational aspirations

(Phan & Coxhead, 2023), we add regional fixed effects into the models, and our results remain

robust, as can be seen in Table B7 in the appendix.

6.3 Mechanisms of labor market outcomes

In this section, we explore some of the potential mechanisms that explain the negative effects

on upper-secondary and positive impacts on lower-secondary attainment rates for Viet Nam

in the first half of the 2010s following fast mobile internet diffusion. In particular, we present

results in support of the hypothesis that the negative effect of mobile internet diffusion on

upper-secondary education can be explained by its simultaneous effect on labor markets,

where youngsters are attracted due to declining returns to education.

For our mechanism analysis, we run province fixed-effects models23 as shown below, to

detect any correlations between 3G diffusion and employment variables, of which the detected

significant associations indicate the opportunity cost hypothesis of employment outcomes:

yit = β0 + β1Covit−1 +Xit + ηi + ψit (3)

where yit is province i’s average employment shares and wages of population aged 15-25

at year t; Covit−1 is the shares of 3G signal coverage of province i at year t − 1; Xit refers

22Each cell is weighted by the inverse of distance to the province’s centroid.
23We did not include year FE given the high correlations between lag 3G coverage and year variable –

above 0.8 in our data.
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to a set of control variables measured at province level (shares of 2G coverage and shares of

population 15-25 years old); ηi for province fixed effects which can control for different trends

in market outcomes across geographical units (e.g. local tradition or culture on educational

aspirations); and ψit denotes is the idiosyncratic error term.

6.3.1 Job opportunities and employment sectors

Employment opportunities is one of the key factors influencing educational attainment, which

serves as the opportunity cost of schooling. Technological change and diffusion are primary

drivers of structural change towards more employment in industry and service sectors, where

labor productivity and income are often higher, and less agriculture, which is usually per-

formed at subsistence levels in developing countries. We find positive correlations between

the first lag of 3G coverage and waged jobs shares, and a negative correlation with non-

waged agricultural employment shares among youth aged 15-25, as can be seen in Table 4

below, confirming extant literature’s findings (Bahia, Pedrós, et al., 2020; Blumenstock et al.,

2020; Roessler et al., 2021; Suri & Jack, 2016). The results are insignificant for non-waged

non-agricultural employment, most likely because VHLSS does not collect complete earnings

information for the self-employed sectors (McGuinness et al., 2021), and a significant share

of the total employment is employed in the informal sector (ILO & ILSSA, 2018).

Our results lend support to the hypothesis that increased waged job opportunities fol-

lowing 3G diffusion have encouraged youth to complete lower-secondary degrees and join the

labor market but discouraged upper-secondary degree attainment, indicating the opportunity

cost mechanism between employment and education.

In the next subsection 6.3.2, we show additional results for returns on schooling and on

employment sectors in subsection 6.3.3.
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Table 4: Mobile internet and shares of employment in waged, non-waged agricultural, and
non-waged non-agricultural jobs

Waged employment shares Non-waged agri shares Non-waged non-agri
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted

Lag 1 3G 0.0321∗∗ 0.0233∗ -0.0440∗∗∗ -0.0306∗∗∗ -0.00257 0.00170
(0.0152) (0.0125) (0.0111) (0.00947) (0.00628) (0.00607)

Lag 1 2G 0.0470 0.102 -0.0291 0.0317 -0.00604 -0.0278
(0.0749) (0.0727) (0.0542) (0.0649) (0.0266) (0.0275)

Share pop. 15-25 -0.154 -0.274 0.240 0.443∗ -0.0235 -0.0435
(0.347) (0.264) (0.218) (0.242) (0.106) (0.0965)

Road length ln -0.117 -0.101 -0.0513 -0.0941∗ 0.00290 -0.0122
(0.105) (0.0935) (0.0529) (0.0532) (0.0318) (0.0368)

Constant 1.856 1.636 0.991 1.405∗∗ 0.0345 0.255
(1.418) (1.255) (0.714) (0.697) (0.428) (0.496)

Province FE Yes Yes Yes Yes Yes Yes
Observations 189 189 189 189 189 189
Adjusted R2 0.742 0.744 0.964 0.959 0.658 0.680

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on shares of employment in
waged, non-waged agricultural, and non-waged non-agricultural for population aged 15-25. All models
include province FE. Odd number columns are models without population weights, while even number
columns have population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗

p < 0.05, ∗∗∗ p < 0.01

6.3.2 Returns on schooling

We then run wage regressions with province FE against 3G internet for subgroups of degree

owners to detect any differential relationships. For each level of lower-secondary, upper-

secondary, and tertiary, we calculate the average wages of the respective degree owners.

The wages are then transformed into natural logarithm or wage growth rates (growth rates

calculation using 2010 as the base year) and regressed against lag 3G coverage and other

control variables, with province FE similar to models in the earlier section. Results shown

in Table 5 below indicate stronger associations for youth aged 15-25 with lower-secondary

degree than upper-secondary degree; and null outcomes for tertiary level. Regression results

here are all weighted by provincial population; results without population weights are similar.

22



Table 5: Effect of mobile internet on the natural logarithm of wages and wage growth rates
of lower-secondary, upper-secondary, tertiary degree holders aged 15-25

With lower-secondary degree Upper-secondary With tertiary degree
(1) (2) (3) (4) (5) (6)

Ln wages Wage growth Ln wages Wage growth Ln wages Wage growth

Lag 1 3G 0.563∗∗∗ 1.823∗∗∗ 0.450∗ 0.555 0.787 0.321
(0.141) (0.662) (0.269) (1.267) (1.204) (0.424)

Lag 1 2G 3.974∗ -2.066 2.231 -4.009 5.317 1.786
(2.366) (1.578) (1.869) (4.096) (4.690) (1.965)

Share pop. 15-25 -6.517∗ -25.46 -9.514 -59.86∗ 37.74∗ 0.273
(3.395) (18.38) (6.271) (32.67) (19.45) (9.126)

Road length ln -2.175 -2.785 -1.097 2.226 -0.720 1.768
(1.353) (3.904) (1.766) (5.308) (5.523) (1.958)

Constant 35.63∗∗ 44.99 23.36 -11.79 5.355 -24.48
(16.74) (54.90) (24.14) (70.79) (74.56) (26.25)

Province FE Yes Yes Yes Yes Yes Yes
Observations 189 180 189 162 189 138
Adjusted R2 0.664 0.683 0.422 0.849 0.345 0.312

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on ln wages and wages
growth rates for population aged 15-25 with lower-secondary degree (columns (1) and (2)), upper-secondary
degree (columns (3) and (4)), and tertiary degree (columns (5) and (6)). All models include province FE
and use population weighted regressions. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗

p < 0.05, ∗∗∗ p < 0.01

6.3.3 Industry sectors

Our results for employment shares of different industries24 further corroborate the structural

transformation and labor market outcomes as trade-off mechanisms of the educational ef-

fects. As expected, there are negative results for agricultural sector, and positive ones for

manufacturing (Table 6 below). Null effect for services industries might be explained by

the fact that VHLSS does not collect complete earnings information for the self-employed

sectors (McGuinness et al., 2021). Combined with positive results of waged employment in

the earlier section 6.3.1, it shows that fast 3G diffusion correlates with industrialization and

drives structural change in Viet Nam.

24VHLSS industry codes: Agriculture 01-03; Mining and Quarrying 05-09; Manufacturing 10-33; 35-96 for
Services; Household self-production 97-98; International organizations: 99
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Table 6: Mobile internet and employment shares by industries

Agriculture Manufacturing Services
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted

Lag 1 3G -0.0632∗∗∗ -0.0506∗∗∗ 0.0353∗∗ 0.0277 0.0318∗ 0.0249
(0.0159) (0.0139) (0.0169) (0.0169) (0.0176) (0.0180)

Lag 1 2G 0.0612 0.0813 -0.200∗∗ -0.159 0.138∗ 0.0874
(0.0715) (0.0864) (0.0777) (0.114) (0.0753) (0.110)

Share pop. 15-25 0.272 0.814∗∗ -0.623 -0.743∗ 0.427 0.0181
(0.397) (0.354) (0.431) (0.409) (0.393) (0.439)

Constant 0.369∗∗∗ 0.163 0.518∗∗∗ 0.541∗∗∗ 0.0938 0.266
(0.101) (0.109) (0.111) (0.133) (0.114) (0.166)

Province FE Yes Yes Yes Yes Yes Yes
Observations 189 189 189 189 189 189
Adjusted R2 0.912 0.929 0.816 0.819 0.775 0.825

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
agricultural and mining sectors of population aged 15-25. All models include province FE. Odd number
columns are models without population weights, while even number columns have population weights.
Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Among manufacturing, textiles (codes 13-15) and electronics (codes 26-27) industries

have positive associations with 3G coverage (Table 7 below). The statistically insignificant

results for the remaining manufacturing industries can be found in the appendix (Tables B8

and B9). Among services, there are positive correlations between the first lag of 3G cover-

age and shares of youth employment in hospitality25 and information and communication26

industries. Null results of other services industries can be seen in the appendix (Tables B10,

B11, B12, and B13). Additional service and sales jobs for the hospitality sector, in particular,

might not require higher skills or degrees. According to Matthess & Kunkel (2020), the struc-

tural transition from agriculture towards services does not always follow increased sectoral

productivity, e.g., towards traditional services. Their systematic literature review shows that

within the service sector, industries with higher digital intensity are telecommunications or

finance and insurance, as compared to traditional services such as accommodation and food

services. Such industries with lower digital intensity are the ones wherein mobile internet

and smartphones can be of greater help in improving market access and productivity, since

the cost of fixed broadband access and devices like PCs are significantly greater.

25accommodation, food and beverages; codes 55-56
26include publication, broadcasting, telecommunications, programming, and information services; codes

58-63
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Table 7: Mobile internet and employment shares in manufacturing and services industries

Manufacturing Services
Textiles Electronics, electrical Hospitality I&C

(1) (2) (3) (4) (5) (6) (7) (8)

Lag 1 3G 0.0281∗∗ 0.0228∗∗ 0.0188∗∗ 0.0136 0.0197∗ 0.0206∗∗ 0.0203∗ 0.0233∗∗∗

(0.0121) (0.00878) (0.00728) (0.0110) (0.0110) (0.00794) (0.0109) (0.00845)

Lag 1 2G -0.0618∗ -0.0406 -0.0463∗∗ -0.0335 0.0583∗ 0.000349 0.0581 0.0101
(0.0361) (0.0456) (0.0183) (0.0336) (0.0345) (0.0910) (0.0381) (0.0878)

Pop. 15-25 -0.406 -0.481 -0.0819 -0.167 0.461∗ 0.365∗ 0.371∗ 0.347∗

(0.314) (0.295) (0.127) (0.167) (0.237) (0.197) (0.214) (0.178)

Constant 0.214∗∗ 0.224∗∗∗ 0.0716∗∗ 0.0803∗∗ -0.104 -0.0245 -0.0858 -0.0279
(0.0808) (0.0837) (0.0327) (0.0314) (0.0666) (0.110) (0.0636) (0.100)

Province FE Yes Yes Yes Yes Yes Yes Yes Yes
Observations 189 189 189 189 189 189 189 189
Adjusted R2 0.779 0.786 0.727 0.675 0.488 0.473 0.447 0.451

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
manufacturing sectors of population aged 15-25. I&C stands for information and communication industries.
All models include province FE. Odd number columns are models without population weights, while even
number columns have population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗

p < 0.05, ∗∗∗ p < 0.01

Although there is no available data on provinces’ exporting values, aggregate national

data show a significant rise in GDP’s shares of goods and services export, rising from 55%

in 2010 to 74% in 2016, reaching 84% in 2018 (World Bank’s WDI).

There is also no available data on provincial school quantities. Data at the national level

from the GSO, however, depicts that the numbers of lower- and upper-secondary schools are

stable during the period 2010-2016 (GSO, 2024) (for more information, see Table B14 in

the appendix). Household sizes have been in a downward trend in recent years, reduced

from 3.9 in 2012 to 3.7 in 2018 (GSO, 2019a). These trends suggest that school supplies

and household composition and accordingly expenditures are not likely to influence youth’s

secondary educational attainment outcomes.

7 Discussion and conclusions

Our study is among the first papers to analyze the impact of 3G internet diffusion on educa-

tional attainment. The paper illuminates the nuanced multi-faceted effects of mobile internet

as a GPT in a (lower) middle-income country context.

We show that 3G internet diffusion in Viet Nam discourages educational attainment at
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the upper-secondary level while encouraging lower-secondary attainment. With higher diffu-

sion of mobile internet, individuals aged 15-25 tend to complete more lower-secondary school,

but are also more reluctant to continue their studies and enroll in or complete upper-secondary

education. We explain this finding by looking at the education-employment trade-off, and we

find that youngsters are lured out of upper-secondary school due to more employment oppor-

tunities resulting from 3G diffusion. The results highlight the declining returns to education

in Viet Nam, wherein lower-secondary school level attained the highest returns relatively to

upper-secondary and tertiary levels, which plays a strong influence on educational attainment

of youth.

While there could be new high-skilled jobs having arrived following 3G diffusion in Viet

Nam, especially in IT and business sectors (Arnold & Taş, 2019; Mandel, 2015), our data of

aggregate tertiary degrees could not detect any significant effects for higher education level.

This might indicate that the increased number of jobs requiring tertiary degree and upper-

secondary degree are marginal compared to improvements in the number of jobs demanding

lower-secondary degree, since household income per capita did not play a statistically signif-

icant role in our results, leading to (relatively) lower returns to schooling of higher degrees.

Earlier evidence from developed countries shows that industrialization, increased manufac-

turing, and technological change can increase child labor and reduce education attainment

initially, though later on would reduce child employment (Goldin & Katz, 2009; Hindman,

2002). This may suggest that the reduced effects on upper-secondary education are tem-

porary following increased manufacturing and industrialization resulting from 3G diffusion.

Thus, future studies are needed to conduct impact analysis in the medium- to long-term run.

Developing countries, meanwhile, can respond to such effects by fostering an environ-

ment for higher returns to education through improving job opportunities and wages for

higher degree levels, besides other incentives, e.g., social policies. This can be done by en-

hancing skills and human capital to utilize technologies better in order to achieve the higher

bounds of productivity and growth, and in return, higher education investment and attain-

ment. At the moment, it seems that while technology adoption has been fast and reaching

universal, skills to utilize technology and innovate have not risen in a similar fashion. Cirera

et al. (2021)’s survey27 on firm-level technology adoption for Viet Nam shows that despite

near-universal internet access in Viet Nam, the share of businesses with their own website,

social media, and cloud computing for instance is still low. In order to achieve fast and sus-

tained growth for long-term development, countries would thus require increased education

and training, and in turn, education can offer multiplier effects to economic growth and de-

27Includes a nationally representative random sample of about 1,500 firms with 5 or more employees from
the latest establishment census in 2018
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velopment (Jahanger et al., 2022; Krueger & Lindahl, 2001; Teixeira & Queirós, 2016; Valero

& Reenen, 2019).

Besides the pull factors of labor market opportunities and conditions, practical policies

from a national educational system perspective can include promoting technical and voca-

tional educational and training (TVET) uptakes (and its quality of training) via strength-

ening the collaboration links between the education sector and the private sector, provid-

ing alternative pathways to formal education that can be made appealing to at-risk youth,

such as work-study programs, apprenticeships, and internships. Future research with more

fine-grained data i.e., on higher education program types can shed light on the results of

reallocation within the tertiary level; and the effects of 3G on the quality dimensions of ed-

ucation achievements, e.g., cognitive test scores or other skills through the enhancement of

(or disruption to) processes of learning and teaching.
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Arnold, R., & Taş, S. (2019). The value of rich interaction applications for vietnam: Final

report. http://hdl.handle.net/10419/251547

Atkin, D. (2016). Endogenous skill acquisition and export manufacturing in mexico. American

Economic Review, 106, 2046–2085. https://doi.org/10.1257/aer.20120901

Autor, D. H., & Dorn, D. (2013). The growth of low-skill service jobs and the polarization

of the us labor market. American Economic Review, 103, 1553–1597. https://doi.org/

10.1257/aer.103.5.1553

Bahia, K., Castells, P., Cruz, G., Masaki, T., Pedrós, X., Pfutze, T., Rodŕıguez-Castelán,
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Appendices

Figure A1: Conceptual framework
Source: Authors’ elaboration

Figure A2: Qualification mismatch by occupation type, selected countries
Source: World Bank (2014):21
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Figure A3: Shares of youth in waged jobs, and non-waged agriculture/ non-agriculture jobs
Source: Authors’ calculations using VHLSS data

Figure A4: Provincial shares of mobile coverage during 2013-2015
Source: Authors’ calculations based on GSMA
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Figure A5: Ln of 3G towers weighted numbers 2011-2015
Source: Authors’ calculations using OpenCellID data

Figure A6: Correlations between mobile internet coverage and upper-secondary attainment
Source: Authors’ calculations using VHLSS and GSMA data
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Figure A7: Correlations between mobile internet coverage and lower-secondary attainment
Source: Authors’ calculations using VHLSS and GSMA data

Table B1: Mobile internet coverage and Tertiary degree attainment shares

Non-weighted Weighted
(1) (2) (3) (4)
FE FEIV FE FEIV

Lag 1 3G 0.00324 0.0365 0.0376 0.0922
(0.0388) (0.0968) (0.0376) (0.0664)

Lag 1 2G 0.0338 0.0583 0.120∗∗ 0.153∗∗∗

(0.0594) (0.0857) (0.0563) (0.0554)

Share pop. 15-25 0.212 0.194 0.255∗ 0.215
(0.150) (0.161) (0.136) (0.135)

Average HH income ln -0.00669 -0.00434 -0.0341 -0.0294
(0.0369) (0.0369) (0.0375) (0.0391)

Road length ln 0.0538 0.0297 0.0284 -0.0108
(0.0453) (0.0845) (0.0443) (0.0633)

Constant -0.667 -0.202
(0.659) (0.532)

Province and Year FE Yes Yes Yes Yes
Adjusted R2 0.602 0.748
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 3G coverage on provincial tertiary degree attainment
rates among youth aged 15-25. Columns (1) and (3) employ province and year FE; columns (2) and (4)
employ FE and IV method. The instrument is lightning strikes shares. Standard errors are clustered at the
province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B2: Mobile internet coverage and Vocational degree attainment shares

Non-weighted Weighted
(1) (2) (3) (4)
FE FEIV FE FEIV

Lag 1 3G -0.0353 -0.138 -0.0732∗ -0.124∗

(0.0438) (0.0897) (0.0419) (0.0648)

Lag 1 2G -0.183∗ -0.259∗∗ -0.245∗∗ -0.276∗∗∗

(0.0975) (0.113) (0.0961) (0.0980)

Share pop. 15-25 0.240 0.298 0.220 0.258
(0.200) (0.208) (0.195) (0.195)

Average HH income ln -0.0189 -0.0261 -0.000625 -0.00500
(0.0386) (0.0405) (0.0406) (0.0405)

Road length ln -0.0742∗ 0.000360 -0.0472 -0.0107
(0.0443) (0.0650) (0.0399) (0.0495)

Constant 1.323∗ 0.914
(0.666) (0.576)

Province and Year FE Yes Yes Yes Yes
Adjusted R2 0.540 0.567
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 3G coverage on provincial vocational degree attainment
rates among youth aged 15-25. Columns (1) and (3) employ province and year FE; columns (2) and (4)
employ FE and IV method. The instrument is lightning strikes shares. Standard errors are clustered at the
province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

43



Table B3: Mobile internet coverage and Primary degree attainment shares

Non-weighted Weighted
(1) (2) (3) (4)
FE FEIV FE FEIV

Lag 1 3G -0.0605 0.100 -0.0736∗ -0.0454
(0.0473) (0.141) (0.0431) (0.0831)

Lag 1 2G -0.131∗ -0.0124 -0.0996 -0.0824
(0.0744) (0.147) (0.0663) (0.0784)

Share pop. 15-25 -0.327 -0.417 -0.362∗ -0.383∗

(0.219) (0.271) (0.200) (0.218)

Average HH income ln 0.0680 0.0794 0.0902∗ 0.0926∗

(0.0537) (0.0514) (0.0477) (0.0467)

Road length ln -0.0822 -0.199∗ -0.0565 -0.0767
(0.0837) (0.119) (0.0863) (0.0976)

Constant 0.925 0.368
(1.174) (1.159)

Province and Year FE Yes Yes Yes Yes
Adjusted R2 0.888 0.907
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 3G coverage on provincial primary degree attainment
rates among youth aged 15-25. Columns (1) and (3) employ province and year FE; columns (2) and (4)
employ FE and IV method. The instrument is lightning strikes shares. Standard errors are clustered at the
province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B4: OpenCellID signals and Upper- and Lower-secondary degree attainment shares

Upper-secondary degree Lower-secondary degree
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Ln 3G count -0.0491∗ -0.0195∗∗ 0.0492∗ 0.0267∗∗∗

(0.0257) (0.00945) (0.0291) (0.00942)

1st stage lightning strikes -137.706∗∗∗ -292.978∗∗∗

(51.420) (104.517)

Lag 1 2G -0.0303 -0.0269 0.263∗ 0.202∗

(0.0897) (0.107) (0.132) (0.108)

Share pop. 15-25 0.422 0.381 -0.255 -0.236
(0.348) (0.325) (0.340) (0.302)

Average HH income ln 0.0183 -0.0281 -0.0367 -0.0267
(0.0899) (0.0969) (0.0892) (0.0871)

Road length ln 0.0967 0.0723 -0.0368 0.0119
(0.107) (0.0961) (0.117) (0.0999)

Kleibergen-Paap F statistic 7.2 7.9 7.2 7.9
Province and Year FE Yes Yes Yes Yes Yes Yes
Observations 189 189 189 189 189 189

Notes: Each column reports estimated effects of lag 3G OpenCellID coverage on provincial secondary
degree attainment rates among youth aged 15-25. Columns (1) and (2) are for upper-secondary level;
columns (3) and (4) are for lower-secondary level. All columns employ FEIV estimations. The instrument is
lightning strikes shares. Odd number columns are models without population weights, while even number
columns have population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗

p < 0.05, ∗∗∗ p < 0.01
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Table B5: Mobile internet and Upper-secondary attainment, control for migration

In-migration Out-migration
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Lag 1 3G -0.315∗∗ -0.229∗∗ -0.317∗∗ -0.221∗∗

(0.128) (0.0869) (0.130) (0.0847)

Lag 1 2G -0.242∗∗ -0.250∗∗∗ -0.0962 -0.102
(0.118) (0.0913) (0.131) (0.117)

Share pop. 15-25 0.376 0.249 0.405 0.281
(0.318) (0.276) (0.324) (0.280)

Road length ln 0.215 0.173 0.251∗ 0.201∗

(0.140) (0.114) (0.136) (0.106)

Average HH income ln -0.0527 -0.0831 -0.0176 -0.0432
(0.0675) (0.0744) (0.0678) (0.0734)

In-migrate -0.00310∗∗ -0.00414∗∗∗

(0.00155) (0.00110)

Out-migrate -0.00321 -0.00318
(0.00204) (0.00244)

Province and Year FEs Yes Yes Yes Yes
Kleibergen-Paap rk F statistic 15.17 21.97 13.81 22.18
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on upper-secondary
attainments for population aged 15-25. All columns employ FEIV estimations. The instrument is lightning
strikes shares. Odd number columns are models without population weights, while even number columns
have population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗

p < 0.01
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Table B6: Mobile internet and Lower-secondary attainment, control for migration

In-migration Out-migration
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Lag 1 3G 0.320∗∗ 0.293∗∗∗ 0.304∗ 0.266∗∗∗

(0.148) (0.0746) (0.155) (0.0813)

Lag 1 2G 0.494∗∗∗ 0.446∗∗∗ 0.355∗∗ 0.364∗∗∗

(0.155) (0.0931) (0.140) (0.0828)

Share pop. 15-25 -0.208 -0.0692 -0.224 -0.0871
(0.301) (0.246) (0.299) (0.231)

Road length ln -0.152 -0.117 -0.179 -0.106
(0.119) (0.0848) (0.144) (0.0996)

Average HH income ln 0.0379 0.0321 0.00891 0.0100
(0.0811) (0.0621) (0.0774) (0.0645)

In-migrate 0.00367∗∗∗ 0.00322∗∗∗

(0.000909) (0.000660)

Out-migrate 0.00124 0.000105
(0.00287) (0.00260)

Province and Year FEs Yes Yes Yes Yes
Kleibergen-Paap rk F statistic 15.17 21.97 13.81 22.18
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on lower-secondary
attainments for population aged 15-25. All columns employ FEIV estimations. The instrument is lightning
strikes shares. Odd number columns are models without population weights, while even number columns
have population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗

p < 0.01
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Table B7: Mobile internet and Secondary attainment, control for regional effects

Upper-secondary Lower-secondary
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Lag 1 3G -0.296∗∗ -0.194∗∗ 0.296∗ 0.265∗∗∗

(0.132) (0.0925) (0.150) (0.0763)

Lag 1 2G -0.138 -0.146 0.372∗∗ 0.365∗∗∗

(0.119) (0.107) (0.143) (0.0788)

Share pop. 15-25 0.383 0.272 -0.216 -0.0868
(0.316) (0.276) (0.300) (0.233)

Road length ln 0.232 0.157 -0.172 -0.105
(0.141) (0.117) (0.139) (0.0891)

Average HH income ln -0.0333 -0.0553 0.0150 0.0104
(0.0684) (0.0762) (0.0820) (0.0632)

Regional FE Yes Yes Yes Yes
Province and Year FEs Yes Yes Yes Yes
Kleibergen-Paap rk F statistic 14.11 22.24 14.11 22.24
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on secondary attainments
for population aged 15-25. All columns employ FEIV estimations. The instrument is lightning strikes
shares. Odd number columns are models without population weights, while even number columns have
population weights. Standard errors are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table B8: Mobile internet and shares of industry groups

Medicine Food manufacturing Wood/paper
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted
Lag 1 3G 0.00599 0.00520∗ -0.00547 -0.00420 -0.00482 -0.00568

(0.00466) (0.00299) (0.00711) (0.00711) (0.00430) (0.00359)

Lag 1 2G -0.0113 -0.0112 0.000635 0.0470 0.0216 0.0336∗

(0.00770) (0.00705) (0.0314) (0.0581) (0.0138) (0.0194)

Share pop. 15-25 0.0297 0.00684 0.0177 0.0845 0.0192 0.0421
(0.0452) (0.0293) (0.216) (0.220) (0.0870) (0.0831)

Constant 0.00536 0.00971 0.0362 -0.0211 -0.00732 -0.0203
(0.00683) (0.00729) (0.0520) (0.0856) (0.0220) (0.0270)

Province FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.0115 0.0256 0.237 0.262 0.428 0.446
Observations 189 189 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B9: Mobile internet and shares of industry groups

Chemistry Plastics Maintenance/ repair
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted
Lag 1 3G 0.000298 0.000664 0.00154 -0.00232 -0.00737∗ -0.00635∗

(0.00235) (0.00202) (0.00787) (0.0145) (0.00372) (0.00322)

Lag 1 2G 0.000667 0.00204 -0.0379 -0.0902∗ 0.00507 0.00426
(0.00391) (0.00596) (0.0385) (0.0456) (0.00853) (0.0113)

Share pop. 15-25 -0.0204 -0.00406 -0.135 -0.333 -0.0808 -0.0740
(0.0401) (0.0310) (0.151) (0.265) (0.0680) (0.0705)

Constant 0.00531 0.00213 0.0932∗∗ 0.188∗∗ 0.0147 0.0135
(0.00750) (0.00734) (0.0465) (0.0769) (0.0132) (0.0161)

Province FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.0976 0.176 0.488 0.521 0.182 0.107
Observations 189 189 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table B10: Mobile internet and shares of industry groups

Construction Retails Reatails except motored vehicles
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted
Lag 1 3G -0.00132 -0.00209 0.00776 0.0114 0.0104 0.0106

(0.00883) (0.00743) (0.0114) (0.00958) (0.00989) (0.00719)

Lag 1 2G 0.00440 0.00289 0.0441 0.0876 0.0128 0.0203
(0.0342) (0.0346) (0.0467) (0.0617) (0.0425) (0.0440)

Share pop. 15-25 0.133 0.121 -0.0941 -0.0979 0.0372 -0.0579
(0.202) (0.172) (0.265) (0.229) (0.245) (0.221)

Constant 0.0318 0.0362 0.0671 0.0425 0.0411 0.0619
(0.0543) (0.0486) (0.0602) (0.0698) (0.0575) (0.0581)

Province FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.340 0.347 0.535 0.641 0.343 0.457
Observations 189 189 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B11: Mobile internet and shares of industry groups

Transportation Deliveries Finance
(1) (2) (3) (4) (5) (6)

Non-weighted Weighted Non-weighted Weighted Non-weighted Weighted
Lag 1 3G -0.00110 -0.00554 -0.000352 -0.000550 -0.00616 -0.00647∗

(0.00385) (0.00456) (0.000556) (0.000627) (0.00386) (0.00374)

Lag 1 2G 0.0122 0.00179 -0.000636 0.000730 -0.0423
(0.0145) (0.0205) (0.00164) (0.00243) (0.0466)

Share pop. 15-25 -0.0350 -0.126 -0.0187 -0.0190 -0.150 -0.227∗∗∗

(0.0735) (0.101) (0.0149) (0.0145) (0.112) (0.0687)

Growth pop 15-25 -0.00635
(0.0134)

Constant 0.0166 0.0453 0.00445 0.00319 0.0347 0.0900∗

(0.0213) (0.0340) (0.00357) (0.00304) (0.0218) (0.0467)
Province FE Yes Yes Yes Yes Yes Yes
Adjusted R2 0.455 0.481 -0.0234 -0.0259 0.265 0.288
Observations 189 189 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table B12: Mobile internet and shares of industry groups

Administration Education
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Lag 1 3G -0.000713 -0.00118 -0.00304 -0.00255

(0.00260) (0.00474) (0.00422) (0.00375)

Lag 1 2G -0.0146 0.00271 0.0202 0.00478
(0.0131) (0.0231) (0.0312) (0.0289)

Share pop. 15-25 -0.0841 -0.0704 -0.0536 -0.107
(0.0639) (0.0726) (0.0894) (0.0856)

Constant 0.0329 0.0166 0.0165 0.0463
(0.0198) (0.0186) (0.0365) (0.0333)

Province FE Yes Yes Yes Yes
Observations 189 189 189 189
Adjusted R2 0.0773 0.213 0.353 0.515

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01
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Table B13: Mobile internet and shares of industry groups

Health Household
(1) (2) (3) (4)

Non-weighted Weighted Non-weighted Weighted
Lag 1 3G 0.000821 0.00128 -0.00285 -0.00175

(0.00314) (0.00279) (0.00206) (0.00163)

Lag 1 2G -0.00752 -0.00212 0.00279 0.00160
(0.0106) (0.00999) (0.00543) (0.00521)

Share pop. 15-25 -0.0204 -0.0195 -0.0681 -0.0618∗

(0.0640) (0.0650) (0.0418) (0.0340)

Constant 0.0175 0.0144 0.0126∗ 0.0119∗

(0.0173) (0.0171) (0.00723) (0.00701)
Province FE Yes Yes Yes Yes
Adjusted R2 0.232 0.340 0.0820 0.0810
Observations 189 189 189 189

Notes: Each column reports estimated effects of lag 1 mobile internet coverage on employment shares in
different industries for population aged 15-25. All models include province FE. Odd number columns are
models without population weights, while even number columns have population weights. Standard errors
are clustered at the province level. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table B14: Number of schools of general education as of 30 September in Viet Nam

School year 2011-2012 2012-2013 2013-2014 2014-2015 2015-2016 2016-2017

Number
Primary 15337 15361 15337 15277 15254 15052
Lower-secondary 10243 10290 10290 10293 10312 10155
Upper-secondary 2350 2361 2404 2386 2399 2391

Index
Primary 100.6 100.2 99.8 99.6 99.8 98.7
Lower-secondary 101.0 100.5 100.0 100.0 100.2 98.5
Upper-secondary 102.7 100.5 101.8 99.3 100.5 99.7

Source: Authors formatting from GSO (2024).
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