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Abstract

This paper examines the impact of mobile broadband expansion on firm performance
in Vietnam, leveraging the staggered rollout of 3G internet between 2009 and 2015 and
panel data from the Vietnam Enterprise Census. Using a difference-in-differences ap-
proach, I find that access to 3G increases firm employment by 7.6% and reduces inven-
tory holding costs by 10.4%, indicating improved operational efficiency. Despite rising
employment, the total wage bill per employee declines by 6.9%, reflecting cost-cutting
responses to heightened competition. As mobile broadband reduces information asym-
metry and enhances market transparency, firms face downward pressure on prices and
margins. Supporting this interpretation, I document a 13.5% decline in average prices
and a 2.1% reduction in firm markups. Beyond domestic effects, mobile broadband also
facilitates global integration, increasing the likelihood of export participation by 14.6
pp. Overall, the results underscore the role of digital infrastructure in enhancing firm

efficiency, competitiveness, and market access.



1 Introduction

Mobile internet is a general-purpose technology that enhances access to information and re-
duces communication frictions. Its diffusion has supported economic growth across high-,
middle-, and low-income countries. Studies show that mobile internet increases employment
opportunities (Hjort and Poulsen, 2019) and lowers trade costs (Fernandes et al., 2019; Mal-
gouyres et al., 2021). It also improves within-firm communication and productivity (Jiang,
2023), and strengthens coordination in supply-buyer relationships (Demir et al., 2024). Con-
versely, less attention has been paid to its pro-competitive effects. A seminal paper by Jensen
(2007), using 2G’s a predecessor of 3G technology, found to reduce price asymmetries be-
tween fish industry in India, where the price converge across the market. As internet access
increases price transparency, understanding how firms adjust their pricing and behavior in

response is an important avenue for research. !

In this paper, we leverage the staggered rollout of mobile broadband across Vietnam at
the district level to estimate its effect on firm performance. Notably, 3G was the first gen-
eration to provide users with reliable internet access. In developing countries like Vietnam,
fixed broadband infrastructure is often scarce and unreliable, particularly in rural areas. As
a result, mobile broadband—capable of being deployed more rapidly—offers a more attrac-
tive alternative in such contexts (Bahia et al., 2020). This setting suggests a greater potential
for mobile technology to improve productivity and efficiency, especially where traditional

broadband infrastructure is lacking.

The objective is to examine how the rollout of mobile broadband networks influenced
firm efficiency in Vietnam. To obtain causal estimates, we combine unique cell-tower data
from OpenCellID (used to construct the treatment variable) with enterprise survey data from
2009 to 2015 (our outcome data). The detailed spatial resolution of the dataset allows us to
approximate firm location using the centroid of each district.

The identification strategy relies on a Difference-in-Differences (DiD) design that ex-
ploits the staggered rollout of 3G networks across districts to isolate the effect of mobile

broadband access on firm performance. We show that the 3G rollout in Vietnam was pri-

I'This paper focuses on mobile broadband as an expansion of telecommunication infrastructure. Unlike tra-
ditional infrastructure such as roads or irrigation systems, telecommunication upgrades facilitate the exchange
of ideas through faster communication and network spillovers. The internet accelerates economic activity re-
gardless of geographic distance, much like roads reduce transportation costs. In this way, mobile broadband
lowers communication barriers and trade costs (Acosta and Baldomero-Quintana, 2023; Roller and Waverman,
2001).



marily driven by population density, consistent with findings from the broadband rollout in
France documented by Malgouyres et al. (2021). This design is well suited to estimating
the causal impact of 3G availability by comparing firms located in districts with high mobile

internet coverage to those in districts without such access.

Recent studies have shown that two-way fixed effects (TWFE) regressions can pro-
duce a negative bias against adopted staggered treatment (Goodman-Bacon, 2021; Callaway
and Sant’Anna, 2021; Sun and Abraham, 2021). I estimate the dynamic impacts of the 3G
rollout, allowing for heterogeneity of the treatment effect using Sun and Abraham (2021).
Recognizing the importance of the parallel trend assumption under the DiD approach, I also
assess how sensitive our estimates are to deviations from the parallel trend assumption, using
the approach of Rambachan and Roth (2023). Lastly, I also conduct robustness checks using
alternative approaches from (Wooldridge, 2021).

Firstly, I examine the impact of 3G internet on firm dynamics in Vietnam. One of
the key findings of the paper is that 3G access led to a reduction in inventory holdings by
10.4%, likely reflecting improved coordination with suppliers, more efficient internal com-
munication, and lower operational costs. I also find that 3G internet had a positive effect
on employment, increasing it by 7.6 %. Although firm revenue rose modestly during the
initial period (0-1 years after connectivity), it declined over time, resulting in no significant
improvement in labor productivity. Our results suggest that the introduction of 3G internet
in Vietnam reduced communication costs and improved firm efficiency. Firms became larger

and streamline their operation and their supply chain.

Second, the importance of 3G lies in its ability to provide readily available connectiv-
ity, increase price transparency, and support the development of e-commerce. This enables
both firms and consumers to compare prices more efficiently. I examine whether 3G inter-
net affects firm markups in Vietnam, as markups can reveal underlying market competition
dynamics. Overall, I find that 3G internet reduces firm markups, suggesting a decline in
firm-level profitability and an increase in competition in districts with greater internet con-

nectivity.

Since I measure markups as the ratio of price to the output elasticity of material inputs,
following De Loecker and Warzynski (2012), I explore two mechanisms that could explain
the observed decline: lower marginal costs and falling average prices. Evidence from earlier
results—particularly the reduction in inventory holdings—suggests that firms improved sup-

ply chain efficiency and faced lower marginal costs. To examine the demand side, I regress



the probability of firms engaging in export activity as a proxy for integration into interna-
tional markets. The results show that 3G access increases the likelihood of exporting by
14.6 %. While access to larger markets may, in theory, allow firms to charge higher prices,
I test the pro-competitive effect of 3G more directly by analyzing firm pricing strategies us-
ing product-level data. I find that average prices fall by 13.4 % as internet access expands.
The observed decline in average prices suggests that 3G facilitated greater price reduction,
primarily driven by intensified competition resulting from increased price transparency. A
plausible explanation is that stronger competition forced firms to operate more efficiently

and set prices closer to marginal costs.

Third, the effects of 3G access vary across sectors. The wholesale industry, which is
on average less complex, appears to benefit disproportionately from the rise of e-commerce
activity. I find that the wholesale sector is the main beneficiary of 3G internet in Vietnam,
showing a notable increase in employment. However, despite this employment growth, firms
in the wholesale sector reduced their overall wage bill, suggesting that the new jobs created
were lower-paid. Taken together, the evidence indicates that firms operating in the wholesale
sector not only expanded employment but also experienced a decline in markups, consistent

with intensified competition and cost-saving.

Related Literature: This paper contributes to three strands of literature. First, there
is extensive evidence linking broadband internet to economic development, structural trans-
formation, firm performance, trade, and innovation. For example, Hjort and Poulsen (2019)
show that broadband access boosts firm growth in sub-Saharan Africa, while Caldarola et al.
(2023) highlight 3G Internet assists structural transformation in labour market toward service
sector in Ethiopia. In China, Fernandes et al. (2019) find that broadband internet, pre-Alibaba
era, promotes firm-level export activities, and Malgouyres et al. (2021) show that broadband
in France increases both exports and import intensity. In terms of innovation, Chakraborty
and Zhu (2024) report that broadband access enhances input and output innovation among
Chinese firms. Our contribution focuses on mobile broadband, a relatively understudied as-
pect compared to fixed broadband. While prior research finds that internet access supports
firm growth, I show that the effects of mobile internet are industry-specific, with 3G access
being particularly relevant for the wholesale sector. Moreover, consistent with DeStefano

et al. (2023), I find no evidence of productivity gains among Vietnamese firms.

Secondly, this paper contributes to the literature on impact of digital infrastructure on
reductions in information frictions through the lens of streamline supply chain. Earlier stud-

ies highlight the role of mobile phones and internet technology in reducing price dispersion
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and trade barriers, such as Jensen (2007), who show that mobile phones and 2G reduced
price dispersion in shermen and the wholesale market in India. Allen (2014) model search
frictions to explain trade barriers and price gaps among Philippine farmers, the model esti-
mate 50% of the regional price dispersion is due to information friction and not trade cost.
Lendle et al. (2016), who nd that online trade via eBay signi cantly reduces the effect of
geographic distance due to lower information and trust frictions. Jiang (2023) demonstrate
that internet connectivity improves internal rm communication across dispersed locations,
and Demir et al. (2024) nd that fast internet in Turkiye enables rms to expand their sup-
plier networks and shift sourcing decision to highly connected area. Building on this, better
communication improve rm outreach to supplier with instant communication and decen-
tralised their inventory in which lower their warehouse cost (Boyer, 2001). In this paper,

| use rm inventory as a proxy for supply chain ef ciency and nd that rms with better

3G coverage hold signi cantly lower inventory levels, suggesting reduced reliance on buffer
stocks due to improved communication. | also examine product scope and product turnover
as proxies for search costs but nd no conclusive evidence that internet access signi cantly
affects rms' product dynamics along these dimensions.

Lastly, | contribute to the literature on internet diffusion and rm competition in Viet-
nam. Hennig and Vidal-Naquet (2023) show that broadband rollout in France increased
rm-level markups and reduced markdowns, re ecting shifts in both product and labor mar-
ket power. In Vietham, Li et al. (2022) nd that a growing foreign presence intensi es
competition and puts downward pressure on domestic rm markups. Baccini et al. (2019)
highlight how SOEs weaken the pro-competitive impact of trade liberalization, dampening
productivity gains due to political entry barriers and preferential credit access. Building on
these insights, this paper investigates how the expansion of 3G mobile internet in Vietham
affected rm-level markups and market concentration. | examine the mechanism through
which internet access in uences the average prices charged by Viethamese rms, using de-
tailed rm-product-level data.

The paper is organized as follows: Section 2 provides a brief overview of the institu-
tional background in Vietham and describes the data source. Section 3 reports on mobile
broadband Internet and data description. Section 4 presents the estimation strategy and re-
sults, and Section 5 concludes.



2 Institutional Background: 3G Rollout in Vietnam

In Vietnam, private telecommunication providers play a crucial role in deploying and ex-
panding the mobile broadband and 3G mobile network. However, the scale-up of this tech-
nology is not determined solely by their commercial interests. The Ministry of Commu-
nication imposes coverage requirements and guidelines to ensure that mobile broadband
technology reaches both rural and less populated areas equally. This deployment is not just
aimed at economic advancement; it is also integral to the socio-economic of various dis-
tricts. Access to mobile broadband can signi cantly boost e-commerce, online education,
and e-governance.

Figure 1: Mobile and Fixed Broadband Subscriptions in Vietham

Source:World Bank.

The Ministry of Information and Communication (MIC) approved three strategic plans
for the development of Information and Communication Technology (ICT) in the Northern,
Southern, and Central economic regiénghese plans, established in 2007, outlined ICT
development through 2010. Subsequently, in 2009, Viettel Military Industry and Telecoms
Group (Viettel) became the rst private telecommunication provider to be granted a license
for commercial 3G mobile broadband deployment, followed by VinaPhone, MobiFone, and

2Decisions No. 13/2007/QD-BBCVT, 14/2007/QD-BBCVT, and 15/2007/QD-BBCVT, all issued on June
15, 2007, outlined ICT development through 2010 with a vision toward 2020 for the Central, Southern, and
Northern regions, respectively.
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Mobile broadband is the primary mode of internet access in many developing countries,
with Vietnam as a key example. As shown in Figure 1, Vietnam has 148.17 mobile subscrip-
tions per 100 inhabitants, compared to just 13.69 xed broadband subscriptions. The rapid
uptake of mobile broadband re ects consumer demand for smartphones, driven in part by the
introduction of the iPhone (West and Mace, 2010). The launch of 3G services signi cantly
expanded internet access across the country. Vietnam's telecom privatization and limited
xed broadband in the early years make it an ideal case to study the rm-level impact of
mobile internet.

3 Data

In this section, | rst explain the source of the 3G dataset and provide a methodological
explanation of the z-score, which quanti es the level of 3G internet coverage at the district
level, following Malgouyres et al. (2021). Next, | conduct a balance test to justify that the
3G internet rollout is exogenous and correlated with the development of socio-economic
factors rather than being driven by economic activities. Then, | describe the rm-level data
from 2009 to 2015 and provide a data summary. The data and cleaning procedure have been
extensively explained in McCaig et al. (2022a). Finally, | explain the data used as control
variables.

3.1 Mobile Broadband Internet Data

De ning 3G Coverage Ratio. Third Generation (3G) is a wireless telecommunication tech-
nology and the rst mobile network technology that can be regarded of as broadband due
to its functionality in facilitating high-speed data transfer. In comparison to its predecessor
the Second Generation (2G), 2G is limited to calls, messages and minimal access to the In-
ternet (Bessone et al., 2023). Importantly, this paper focuses on the introduction of mobile
broadband. | proceed to measure 3G coverage at the district level.

While we do not have information on the xed broadband rollout in Vietham. The
deployment of cellular tower is the key source variation that we exploited and use it for

3https://vccinews.com/news/18261/.htm



empirical analysis. We are depending on the information of cellular tower date of deploy-
ment and the geo-location of the cellular tower. OpencelllD also informs us the type cell
technology the cell tower is to ascertain | am working with 3G internet, | Iter and keep
only rm with a description UMTS in the radio type. The information on Cellular Tower
sourced from OpenCelllD, a community-driven project compiling GPS coordinates of cell
towers along with their location area identi ers. We merged the Cellular Tower with Vietham
Geographical File help us to identify the location of the tower at the ward level.

Calculate 3G Coverage Ratio (Z-Score)To measure mobile broadband access (3G)
at the district level, we use OpenCellID data and follow the methodology outlined in Malgo-
uyres et al. (2021). The Z-Score, denote@gsrepresents the time-weighted percentage of
a district's area covered by mobile internet in ygaranging from 0-1. It is computed using
the following formula:

At

= A Dyt —m—— 1
Py w%d WtéwozkoO,t 1)

In contrast to Malgouyres et al. (2021), where broadband access is de ned by the num-
ber of days a xed broadband connection is available in a city in France, this paper focuses
on the 3G internet rollout. Instead of xed broadband availability, | utilize the location and
activation date of each 3G cellular tower within a ward.

Although OpenCelllID provides information on the coverage range of each 3G cell
tower, its accuracy is a concern. To address this, | adopt an arbitrage approach based on
Weitzen et al. (2013), which states that UMTS technology has a coverage range of 1-5 km
in urban and suburban areas and 5-10 km in rural areas. For consistency, | take the upper
limit of the urban and suburban range (5 km) as the assumed coverage radius for all cellular
towers. A ward is thus considered to have 3G access if its centroid falls within 5 km of a
cellular tower.

In equation (1)Pw;: represents the proportion of days in yeauring whichw has 3G
coverage. A ward is considered connected once the rst cellular tower is deployed within
its boundaries. The second term in equation (1) represents the proportion of the ward's
population relative to the total district population. Hewe2 d denotes the wards within
district d. Ultimately, 4; quanti es the degree of 3G mobile broadband coverage at the
district level.

3G Internet Rollout in Vietnam . Figure 2 illustrates the rollout of 3G internet across
Vietnam over time. The gure shows that internet coverage gradually became more con-
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Figure 2: 3G Rollout in Vietnam

centrated within districts. Initially, in 2010, mobile internet deployment was concentrated in
densely populated urban centers such as Ho Chi Minh City. Over time, it expanded into less
economically and demographically dense districts. Notably, there was substantial annual
variation in the availability of 3G mobile broadband within each district.

Figures 3a and 3b depict the z-score and its treatment effect at the district level in
Vietnam. Figure 3a indicates that, on average, 60% of the population in a district had access
to 3G internet in the rst year a 3G cell tower was within range of the district. This result
differs from (Malgouyres et al., 2021); explain the key differences and implications. Figure
3b provides insights into the proportion of districts in Vietham with 3G internet access. The
red line in the gure shows that in 2009, no district in Vietnam received a 3G signal. By
2015, approximately 75% of districts had access, and by 2018, 3G internet had become
universally available.

Determining 3G rollout in Vietham . A key concern in this study is the potential en-
dogeneity of 3G rollout, which may undermine the causal interpretation of the results. As
discussed in Section 2, the privatization of the telecommunications sector may have incen-
tivized private rms to deploy 3G technology in economically attractive locations. To assess



Figure 3: 3G Rollout in Vietnam

(a) Average Score Distribution (b) Distribution and z-score

Note: Author's own calculation

this concern, | examine whether the expansion of 3G coverage between 2009 and 2015 was
driven by the economic conditions of a district or by its broader socioeconomic characteris-
tics.

24t = biDensity; + boPClepe+ baNightlighty + ag+ o + eqt (2)

To test this assumption, | estimate the following equation, wigeterepresents 3G
coverage at timg as de ned in Equation 1. The varialdgensity; captures the initial popu-
lation of the district in 2009, divided by the district area, and is interacted with the dummies
of the year 2009 to 2015. | also include a list of covariates, including nighttime light per
capita as a proxy for GDP per capita, log altitude and ruggedness, provincial competitive-
ness and development at the provincial level, share of landline users, labor force participation
rate, literacy rate, and share of urban population.

Table 1 shows Province-Year-Trend and only variable the Lasso picked up. Table 7
presents the full results of the regression analysis. Table 1 presents the results of a bal-
ance test that evaluates the determinants of 3G rollout across Vietnamese districts using
a Province-Year Trend speci cation. Speci cally, we estimate how pre-treatment district
characteristics predict the timing of 3G expansion, thereby assessing the plausibility of the
exogeneity assumption underlying our identi cation strategy.

10



Table 1: Balance Test: Province-Year Trend Speci cation

Covariate Province-Year Trend
OLS (1) LASSO (2)
Density 2009 -0.003 -0.000
(0.002) (0.000)
Density 2010 -0.001 0.002
(0.002) (0.002)
Density 2011 0.027 0.029*
(0.018) (0.017)
Density 2012 0.038* 0.041*
(0.020) (0.020)
Density 2013 0.060*** 0.080***
(0.013) (0.014)
Density 2014 0.110*** 0.118***
(0.015) (0.014)
Density 2015 0.089*** 0.101***
(0.014) (0.012)
Share of Labour Force (%) -0.005 -0.000
(0.004) (0.003)
Share of Urban Population (%) 0.002* 0.003***
(0.001) (0.001)
Elevation Year 2009 0.002* -0.000
(0.001) (0.000)
Elevation Year 2010 0.004* 0.001
(0.002) (0.001)
Observations 4,781 4,781
R-squared 0.546 0.545
District FE - -
Year FE X X
Province-Year Trend X X

Note: This table presents balance test results using the Province-Year Trend speci cation. Standard errors are
shown in parentheses and clustered at the province leyet 9:10, ** p< 0:05, *** p< 0:.01. Cells
marked "-" indicate variables omitted or not selected by LASSO.

Column (1) reports the results from a standard OLS regression that includes full covari-
ates and province-year xed effects. These covariates include population density (interacted
with year dummies), labor force composition, urban population share, and elevation (also
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interacted with year). Column (2) shows the results from a LASSO regression, which selects
the most predictive covariates in a data-driven way, reducing potential over tting and multi-
collinearity? 1 use the LASSO method to select covariates that are most strongly correlated
with the 3G rollout (Belloni et al., 2014) in Vietham and include them as baseline controls
in Equation 3.

The LASSO results suggest that only a subset of covariates are strong predictors of
3G rollout timing. Those covariates are primarily those related to population density and
the share of urban population are highly signi cant. LASSO also pickup Elevation as a
determinant of the 3G rollout.

Both models yield similar R-squared values ( 0.545) and account for province-speci c
shocks by including province-year xed effects. The signi cant coef cients on population
density and urban share suggest that the 3G rollout was more likely to occur in districts
with larger populations and growing urban characteristics. This pattern suggests that rollout
decisions were guided more by population demand.

41 apply the robust LASSO approach in Stata using the lassopack package developed by Ahrens et al.
(2020).

12



3.2 Enterprise Survey Data

Firm. Our primary dataset is the Vietham Enterprise Survey (VES), administered annually
by the General Statistics Of ce (GSO) of Vietnam. It provides detailed rm-level informa-

tion on balance sheets and income statements. This dataset has been widely used in studies
on Vietnamese rms (McCaig et al., 2022b).

For this study, where both the treatment and the research question focus on the district
level, | rst construct rm-level data aggregated at the district level. To account for multi-
establishment rms operating within the same district, | group establishments by district and
tax identi cation code, aggregating them into single entities. This process results in a rm-
by-district panel dataset. Additionally, | retain only rms with more than 10 employees in
any given year. To mitigate the in uence of potential outliers, | winsorize all variables at the
1st and 99th percentiles. The Wage Bill variable appears to have some reporting issues in
2014; to address this, | remove the identi ed outliers (see discussion in Section Appendix
A).

Product Level. In addition to balance sheet data, | use detailed rm-level production
data at the 8-digit product code level, including quantities produced. Table 2 summarizes
the number of products and the number of products. Following Goldberg et al. (2010), |
de ne the number of products at the 4-digit level, with changes measured as the difference
in total product count between yedrandt 1. For average price calculations, | focus on
single-product rms and retain only those clearly reporting quantities in standardized units,

such as "ton", "item", "meter"”, "piece", "tablet”, "liter", "set", "kilogram", "batch", or "unit".
Average price is computed as revenue divided by quantity.

3.3 Control Variables

In this paper, the analysis incorporates rm-by-district xed effects, year xed effects, and
year-industry xed effects to control for time-invariant characteristics of rms within each
district pair and across year-industry variations. In addition, several key control variables are
included to account for differences in provincial characteristics.

Provincial control variables are selected using the LASSO Belloni et al. (2014) ap-
proach to retain covariates most relevant for explaining the rollout of 3G. These include
Province-Year Trends and District-Population-Year Trends, using 2009 district population
data. Nightlight intensity is used as a proxy for district GDP per capita.

To capture provincial characteristics over time, the Provincial Competitiveness Index
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(PCI) is used, which measures various aspects of economic governance, infrastructure qual-
ity, and socioeconomic conditions at the provincial level. PCI data is sourced from the
Provincial Competitiveness Database for the period 2009-2015.

Lastly, I incorporate district terrain ruggedness and Elevatiorfear data. Elevation
Year data comes from the US Geological Survey (USGS) GTOPO30 dataset (USGS, 2018),
while terrain ruggedness information, geo-referenced at a 1 x 1 km grid-square resolution,
is sourced from Shaver et al. (2019).
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Table 2: Descriptive Statistics

Mean Median SD Min Max Obs Year
I. Outcome Variable, Firm-Dynamic
Firm Dynamics
Employment 2.916 2.708 1.305 0.000 7.098 506,563 2009-201°F
Revenue 8.952 8.986 2117 -2.627 13.956 449,386 2009-201"
Inventory 7.705 7.776 1771 -2524 12.829 393,523 2009-2015
Wage Bill per Employee 3.532 3.598 0.652 -4577 5.228 448,498 2009-201
Labour Productivity 6.001 6.036 1.709 -7.977 9.975 449,374 2009-201¢
II. Firm Competition
Markup 3.354 4,129 3.204 -12.458 17.763 316,225 2009-2015
Total Factor Productivity (TFP) 1.470 1.499 0.292 -6.762 2.439 316,225 2009-201
Exporting Firm 0.585 1.000 0.493 0.000 1.000 407,415 2009-2015
Average Price 2.762 3.065 2305 -8.678 13.775 34,746 2009-201!
[Il Product Dynamics
Number of Products 0.936 0.881 0.185 0.881 3.093 128,699 2009-201
Changes in Number of Products 0.078 0.000 0.266 0.000 2.492 98,698 2009-20
IV. Control Variables, District
ADSL Adoptor 0.358 0.000 0.479 0 1.000 506,563 2009-2015
Nightlight 12.168 6.374 15.869 0 63.000 4564 2009-2015
Population Density 7.059 7.046 1.604 2.078 12.133 4564 2009-201°
Elevation Year 4.029 4,282 2.049 0.039 7.088 4564 2009-2015
PCI Legal 5.060 5.101 1.128 1.996 7.909 4564 2009-2015

Note: Each year, all nominal variables are de ated using the Manufacturing Price Index. Outcome variables suc
Employment, Revenue, Inventory, Inventory Ratio, Wage Bill per Employee, Labour Productivity, Markup, TFP and ave
price are transformed using the natural logarithm. We estimate the Number of Products and Changes in the Num
Products are transformed using the inverse hyperbolic sine (IHS) transformation. This transformation is primarily ap
to the Change in the Number of Products to accommodate zeros Exporting Firm and ADSL Adopter are dummy varic
Nightlight and Elevation Year represent average values. Population Density is transformed using the inverse hypert
sine (IHS) method. PCI Legal is an index ranging from 0 to 10. Note, there is a large number of rms that do not re
their inventory and capital in the year 2015. As for Average Price, we only obtain 550 rms out of 34, 746, therefore

analysis is mainly focus on Manufacturing Sector.
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4 Empirical Strategy

Given that the 3G rollout in Vietham was plausibly exogenous—primarily driven by district-
level population density—this section investigates its impact on local economies and rm-
level outcomes, including total employment, inventory, and inventory ratio. We exploit the
staggered deployment of 3G infrastructure across Vietnamese districts between 2009 and
2015.

The main estimating equation is speci ed as follows:

Qo

Yidijt =
d=

bg f3G_Rollout.qrg+ Xijd+ ai+ qj + ot + &djt (3)

o

dé 1

whereYqj; represents the outcome of rimlocated in district, provincep, and operating
inindustryj at timet. The variable & Rollout.4+ is a set of event-time indicators that equal
1if rm iis located in districd and the yeat is d years relative to the district-speci ¢c 3G
rollout yearty. The omitted category id= 1, which serves as the reference period.

The treatment variable is de ned as:

8

<1 oift t
3G_Rollouty = | (4)
- 0 otherwise

The base yedp is de ned as the year in which the district experiences the largest year-on-
year increase in 3G coverage. Treated districts are those that experience a large 3G adoption
in top and remain exposed in all subsequent yeéardy. The control group comprises both
never-treated districts and not-yet-treated districts within the sample perddregressions

include rm xed effects aj, industry xed effectsqj, and province-year xed effectgy,

along with time-varying controlX;j; .

The termX;; represents a vector of rm- and province-level control variables. These
include pre-treatment broadband adoption (ADSL), district Elevatiofear interacted with
time, initial population density in 2009 interacted with time, the quality of provincial legal

5This study focuses on the period 2009-2015, which captures the 3G rollout in Vietnam. The analysis
ends in 2015 to avoid contamination from the introduction of 4G, which began in December 2015 in Hanoi
and Ba Ria—Vung Tau and expanded nationwide in 2016. &#ps://international.viettel.vn/
news-detail/4g-race-in-vietnam-heating-up
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institutions, and nightlight intensity per capita, which proxies local economic activity. We
also include province-year trengs; to exibly account for province-speci ¢ economic and
policy trajectories over time.

Firm xed effectsa; control for all time-invariant characteristics of rms. Industry-year
xed effectsqj: account for time-varying shocks common to all rms within an industry, such
as global demand shifts or industry-speci ¢ policies. The inclusion of province-year trends
ensures that identi cation comes from within-province comparisons over time, while exibly
capturing differential growth trajectories across provinces. Together, this speci cation allows
us to estimate the dynamic impact of 3G access on rm outcomes by comparing treated and
untreated rms within the same province over time.

Heterogeneous Treatment: Standard two-way xed effects (TWFE) estimators can
produce biased estimates when treatment effects are heterogeneous. This issue is particu-
larly pronounced in staggered treatment settings, where later-treated units may inappropri-
ately serve as controls for earlier-treated ones. These comparisons can introduce negative
weights into the estimation, leading to bias in both the direction and magnitude of the es-
timated treatment effects (Goodman-Bacon, 2021; Sun and Abraham, 2021; Callaway and
Sant'Anna, 2021).

To address concerns about biased estimates from conventional two-way xed effects
(TWFE) models, | adopt the method proposed by Sun and Abraham (2021) as my baseline.
Their event-study framework accounts for arbitrary heterogeneity in treatment effects across
cohorts and over time by estimating cohort-speci ¢ average treatment effects on the treated
(CATTs):

CATTe = E Yier Yo Ei=e; (5)
whereY¥, . denotes the counterfactual outcome had umiever been treated or not

yet treated (last treated cohort). Importantly, the method avoids contamination from already-

treated units by using not-yet-treated cohorts as valid controls.

Sun and Abraham (2021) show that TWFE estimates can be misleading due to the use
of non-convex or negative weights across cohorts and event times. Instead, their estimator
recovers event-time average treatment effects (ATTs) as convex combinations of cohort-
speci c effects:
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AT = § we: EATT; (6)

with weightswe re ecting cohort shares at each relative timeThis produces inter-
pretable and robust dynamic effects even under staggered adoption. In our sﬁltﬂ'ng,
captures the average effect of 3G rollout on treated frgears after 3G connectivity.

Robustness and Alternative Estimators:In addition to Sun and Abraham (2021), |
implement alternative DiD estimators as robustness checks. Speci cally, | estimate Equa-
tion 3 using the approaches proposed by Wooldridge (2021).

Parrallel Trend Assumption: One may be concerned that the 3G rollout is not com-
pletely exogenous. | also check how sensitive the results are to possible violations of the
parallel trends assumption. Following Rambachan and Roth (2023), | ustotiestDiD
method to estimate bounds on the treatment effect. These bounds are based on the idea that
trends from before the 3G rollout can be used to predict what would have happened without
treatment. This method is helpful because it allows us to go beyond assuming perfect parallel
trends, and it also shows how the treatment effect could change if those trends had shifted
and diverged from linear trend.
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5 Result; Effect of Mobile Broadband on Firm Outcomes

Baseline Results. Table 3 presents baseline results for the impact of 3G rollout on rm
employment. The dependent variable in all columns is the natural logarithm of rm employ-
ment. Column (1) presents a basic speci cation with rm-by-district and industry-by-year
xed effects. Column (2) adds controls selected based on LASSO, including Elevation
Year , the legal component of the PCI, and a population-year trend. | also include nightlight
per capita as a proxy for district-level GDP and a dummy for rms that adopted xed broad-
band in 2009. Columns (3) and (4) additionally include a region-year trend and region-by-
year xed effects, respectively. In Columns (5) and (6), | re-estimate the same speci cation
as in Column (2), but include province-year and province-by-year xed effects, respectively.

Table 3: Employment Regression Results

Dependent Variable: Employment

1) (2) ®3) (4) (5) (6)

3G Rollout 0.076*** 0.094*** 0.075*** 0.067** 0.076*** 0.058***
0.018 0.023 0.023 0.022 0.023 0.022

Firm by District FE X X X X X X
Industry Year FE X X X X X X
Region Year FE - - - X — -
Region Year Trend — - X - - —
Province Year FE - - - - - X
Province Year Trend - - - - X -
ASDL Adopter - X X X X X
Nightlight per Capita - X X X X X
Elevation Year - X X X X X
Province Charac - X X X X X

Pop Year — X X X X X
Observations 506,312 506,087 506,087 506,087 506,087 506,087
AdjustedR? 0.8352 0.8352 0.8353 0.8354 0.8357 0.8361

Notes: The outcome variable is transformed using the natural logarithm. Fixed Broadband indicates rms that
adopted ADSL broadband technology as recorded in the VES 2009. Nightlight per capita serves as a proxy for
GDP per capita at the district level. PCI refers to the Provincial Competitiveness Index, which re ects provincial-
level legal and institutional characteristics. Standard errors are clustered at the district level. The difference-
in-differences regression results follow the methodology of Sun and Abraham (2021). Signi cance levels: ***
p< 0:01, ** p< 0:05, * p< 0:1.
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After applying all speci cations described above, the results in Figure 3 show that the
3G rollout has a positive and signi cant effect on rm employment in Vietham. Including
province-level xed effects and province-year trends may be too restrictive. Therefore, in
analyzing other rm outcomes, we primarily adopt the speci cation presented in Column (5)
of Table 3. Column (5) incorporates province-speci ¢ linear time trends to control for unob-
served, gradual economic changes at the provincial level, while still permitting the outcome
variable to evolve uniquely across provinces over time. Figure 3 presents the event study of
employment over time. The results indicate an increasing trend post-treatment. There is no
violation of parrallel trend as the pre-trends are not statistically signi cant. Given that the
parallel trends assumption is critical for Difference-in-Differences estimation, we conduct
robustness checks and test its validity using the methodology proposed by Rambachan and
Roth (2023), as discussed in Section 5.2. Overall, the employment results are robust, with
sensitivity tests indicating that the relative magnitude of pre-trend deviations is bounded by
M= 0:2.

Table 4: Impact of 3G Rollout on Firm Dynamics

Dependent Variables

Revenue Labour Wage Bill per Inventory
Productivity Worker
(1) (2) (3) (4)

3G Rollout -0.058 -0.130%*** -0.106*** -0.104**

(0.041) (0.034) (0.013) (0.033)
Firm  District FE X X X X
Industry Year FE X X X X
Province Year Trend X X X X
ADSL Adopter X X X X
Nightlight per Capita X X X X
Elevation Year X X X X
Province Characteristics X X X X
Population Year X X X X
Observations 446,505 446,488 446,256 388,358
R2 0.8180 0.7560 0.5870 0.7430

Notes: All outcome variables are in natural logarithms. Standard errors (in parentheses) are
clustered at the district level. Speci cations follow Equation (3). Estimation uses a Difference-
in-Differences approach per Sun and Abraham (2021). Signi cancep*0:01, ** p< 0:05,
* .

p< 0:1.
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In this paper, | also examine the effect of the 3G rollout on a range of rm-level
outcomes, as reported in Table 5. Despite the observed increase in employment among
rms located in districts with 3G coverage—consistent with ndings in Pham and Caldarola
(2024)—I do not nd a signi cant change in rm revenue (Column 1 of Table 3). Moreover,
| nd a decline in labor productivity (Column 2) among rms in high-3G districts, a result
that contrasts with studies such as Hjort and Poulsen (2019) and Fernandes et al. (2019).
However, this is in line with DeStefano et al. (2018), who nd that broadband access does
not necessarily raise productivity but rather facilitates rm expansion, particularly through
increased employment and sales. This suggests that, in Vietham as well, internet technolo-
gies are used more for communication than for increasing productivity.

Additionally, 1 nd that the 3G rollout is associated with a decline in the wage bill
per employee (Column 3). Using Labour Force Survey data, Pham and Caldarola (2024)
similarly report that 3G access is positively associated with increased employment and the
prevalence of waged jobs. However, they also nd that 3G access increases lower-secondary
school completion while discouraging upper-secondary attainment among youth. This trade-
off suggests that improved job opportunities following 3G diffusion may have led young peo-
ple to enter the labor market earlier, potentially lowering the average educational attainment
of the workforce. This mechanism may help explain the observed reduction in the wage bill
per employee after the 3G rollout.

Taking the view, 3G has the mean of communication. | nd a causal effect of 3G rollout
on rm inventory behavior. Firms in districts with higher 3G coverage reduced their inven-
tory holdings by approximately 10.4%, conditional on province-year trends. This aligns
with Demir et al. (2024), who show that improved internet access enables rms to diversify
suppliers and optimize sourcing. My ndings suggest that Viethamese rms with 3G ac-
cess adopted leaner inventory strategies, reducing reliance on stockpiles. This behavior is
consistent with Just-in-Time inventory systems, where digital connectivity supports more re-
sponsive logistics (Boyer, 2001; Shirley and Winston, 2004). Complementing this evidence,
Li and Li (2013) show that better road infrastructure also reduces delivery times and logistics
costs, reinforcing the broader role of infrastructure in enabling inventory ef ciency.

5.1 Firm Competition and Product Dynamic

As 3G internet has the mean of improve communication and search cost. This may raise
concern about price transparency and rm competition. As access to the 3G Internet reduces
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search costs and improves communication, it can intensify competition in the product market
by allowing rms to benchmark prices more effectively, discover new suppliers and access
broader markets. In this section, | explore whether rms facing increased competitive pres-
sure adjusted their behavior in terms of price-setting, and product offerings. Speci cally,

| examine changes in markups, total factor productivity (TFP), average export prices, and
product dynamic at the rm level.

Table 5: Impact of 3G Rollout on Firm Dynamics

Dependent Variables

Markup Total Factor Average Price Export
Productivity
(1) (2) (3) (4)

3G Rollout -0.135%** -0.025*** -0.134* 0.146***

(0.030) (0.005) (0.081) (0.042)
Firm District FE X X X X
Industry Year FE X X X X
Province Year Trend X X X X
ADSL Adopter X X X X
Nightlight per Capita X X X X
Elevation Year X X X X
Province Characteristics X X X X
Population Year X X X X
Observations 306,646 306,646 32,201 130,333
R? 0.9590 0.8250 0.8210 0.9300

Notes: All outcome variables are expressed in natural logarithms. Markup is computed follow-
ing De Loecker and Warzynski (2012), derived as the ratio of the output elasticity of materials
to the material cost share of revenue. The large differences between log average price and other
variables are explained by the focus on single-product rms. To estimate average price, | merge
product-level quantity data with rm-level balance sheet data and calculate the ratio of total rev-
enue to quantity produced in yelarStandard errors (in parentheses) are clustered at the district
level. All speci cations follow Equation (3) and are estimated using a Difference-in-Differences
approach following Sun and Abraham (2021). Signi cance levels: % 0:01, ** p< 0:05, *

p< 0:1.

Firm Competition. | estimate rm-level markups following the methodology of
De Loecker and Warzynski (2012), as detailed in the Appendix. Column (1) of Table 5
shows that the 3G rollout led to a 13.5% decline in markups, consistent with increased
product market competition driven by improved access to information and reduced search
costs. Despite this, rm-level TFP does not show signi cant improvement. The reduction
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in markup is mirroring ndings from Abreha et al. (2021) on the Ethiopian 3G expansion,
but contrasting with results from developed economies such as Hennig and Vidal-Naquet
(2023). This highlights the heterogeneous impact of internet access across development
contexts’,

To explore the mechanism behind markup reductions, | examine average prices as an
outcome. The results indicate that 3G access led to a 16.3% decline in average prices, con-
sistent with the estimated drop in markups. This suggests that digital connectivity enhanced
competition by lowering information frictions. This interpretation aligns with Jensen (2007),
who show that mobile phones reduced price dispersion in Kerala's shing industry. Addi-
tionally, I nd that exports rose by 8.1% following 3G rollout, suggesting that improved
communication not only constrained pricing power but also enabled rms to access inter-
national markets. These ndings are consistent with Lendle et al. (2016), Fernandes et al.
(2019) and Malgouyres et al. (2021), who show that digital platforms reduce the trade costs
and broadband internet associated with geographic distance. Overall, the evidence highlights
the role of internet infrastructure in fostering competition and expanding market access in
developing countries.

Product Dynamics. As search costs decline, rms may nd it easier to engage in
horizontal differentiation by experimenting with new product varieties and adjusting their
offerings over time. This raises the question: Does internet access help connected rms
increase the number of products they sell over time? Additionally, how often do rms intro-
duce or drop products from their product basket? Table 6 shows that neither the number of
products nor the change in product scope is signi cantly affected by internet access among
rms in Vietnam.

6In Vietnam, Baccini et al. (2019) nd that trade liberalization reduced markups for private rms (POES),
while SOEs were less affected, likely due to institutional and political protection from competition. Li et al.
(2022) similarly show that greater FDI presence lowers markups at the industry level. Eck et al. (2025) ev-
idently showed, on average between 2000 and 2010, manufacturing rms paid workers only 59% of their
marginal revenue product of labor (MRPL)
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Table 6: Impact of 3G Rollout on Product Dynamics

Dependent Variables

Number of Product  Change in Number

of Product
1) 2)
3G Rollout 0.002 -0.008
(0.006) (0.008)
Firm District FE X X
Industry  Year FE X X
Province Year Trend X X
ADSL Adopter X X
Nightlight per Capita X X
Elevation Year X X
Province Characteristics X X
Population Year X X
Observations 128,549 78,016
R2 0.6520 0.4990

Notes: Each product is de ned at 4 digits code. Number of Products and Change in Number
of Products are transformed using the inverse hyperbolic sine (IHS) transformation. This trans-
formation is primarily applied to Change in Number of Products to accommodate zeros. All

speci cations follow Equation (3) and are estimated using the Difference-in-Differences method

from Sun and Abraham (2021). Standard errors are clustered at the district level. Signi cance:
% p< 0:01,* p< 0:05, * p< 0:1.
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Figure 4. Impact of Firm Dynamics

(a) Log Employment (b) Log Revenue
(c) Log Wage Bill Per Employee (d) Log Inventory
(e) Log Labour Productivity (f) Log TFP

Note: This gure presents dynamic difference-in-differences estimates of the impact of 3G roll-
out on various rm outcomes. All outcomes are transformed using the natural logarithm. All
estimates are based on Equation 3, following the method of Sun and Abraham (2021). Standard
errors are clustered at the district level, and the error bars represent 90% con dence intervals.
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Figure 5: Impact of Firm Concentration and Product Dynamics

(a) Log Markup (Material as Cost Share) (b) Log Markup (Wage Bill as Cost Share)
(c) Export (d) Log Average Price
(e) Number of Product (f) Change in Number of Product

Note: This gure presents dynamic difference-in-differences estimates of the impact of the 3G
rollout on various rm outcomes. The rst four outcomes are transformed using the natural
logarithm. Number of Products and Change in Number of Products are transformed using the
inverse hyperbolic sine (IHS) transformation. This transformation is primarily applied to the
Change in Number of Products to accommodate zeros. All estimates are based on Equation 3,
following the method of Sun and Abraham (2021). Standard errors are clustered at the district
level, and the error bars represent 90% co@ ence intervals.



5.2 Robustness Check

There is concern when evaluating policy shocks using Differences in Differences (DiD). In
particularly in the context of infrastructure investment, where the deployment of 3G cellu-
lar networks may be predetermined and correlated with macroeconomic shocks. There is
concern that the preexisting difference in trend is prevail. To address this concern, | use
the sensitivity test proposed by Rambachan and Roth (2023) and padkagstDiD. The
Rambachan and Roth (2023) test relaxes the parallel trends assumption by allowing limited
post-treatment trend differences and uses pre-treatment trends to estimate treatment effects.

Figure 7 applies the sensitivity analysis of Rambachan and Roth (2023), which re-
laxes the strict parallel trends assumption by allowing for bounded deviations from linear
pre-trends. The blue dots represent baseline event-study estimates, while the shaded re-
gions depict robust con dence sets under varying values of the relative magnitude param-
eterM 2 f 0:05;0:10;0:15;0:20g. As M increases, the con dence bounds widen, re ecting
greater allowance for deviations in the untreated outcomes from the pre-treatment trend. This
sensitivity analysis helps evaluate how much deviation from the pre-existing trend would be
required to invalidate the estimated treatment effects. In this example Figure 7a, Log Em-
ployment ATT effects remain robust wh&h= 0:05. OnceM exceeds 0.10, the test becomes
less informative. A value df1 = 0:05 indicates that the results are robust to small violations
of the parallel trends assumption

Ultimately, this paper relies on the dynamics of treatment effects using the interaction-
weighted approach by Sun and Abraham (2021). This method addresses TWFE biases by
assuming that the parallel-trend assumption holds unconditionally. Second, treatment does
not affect outcomes before it occurs. Third, treatment effects may differ across cohorts,
but the pattern of effects over time is the same. These features make it appropriate for
evaluating the 3G rollout. For robustness, | also apply the alternative estimator proposed
by Wooldridge (2021), using the same speci cation as described in Equation 3. The results
from both estimators are consistent.

Lastly, as discussed in Section 4, treatment is de ned at the district level, based on the
year in which each district experiences the largest year-over-year increase in 3G coverage.
As a robustness check, | reestimate all outcomes using an alternative treatment de nition:
districts are treated in timeif their Z-score (3G coverage) exceeds 0.5. The results remain
robust, except for Average Price, which shows similar trends but loses statistical signi cance.
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Figure 6: Rambachan and Roth Sensitivity Test: Firm Dynamics

(a) Employment (b) Revenue
(c) Wage Bill Per Employee (d) Inventory
(e) Log Labour Productivity (f) Log TFP

Note: The gure presents a sensitivity analysis of post-treatment event-study estimates for the
outcomes using the methodology of Rambachan and Roth (2023). Rather than assuming strict
parallel trends, the analysis permits deviations in the counterfactual trend, bounded by a pa-
rameterM. The blue dots represent baseline estimates obtained using the method of Sun and
Abraham (2021). The shaded regions correspond to con dence sets that allow for both linear
and non-linear time trends. Whémh = 0, the con dence set assumes a linear trend. MAm-
creases, the model allows for greater exibility in time trend deviations, capturing increasing
sensitivity to violations of the parallel trends assumption.
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Figure 7: Rambachan and Roth Sensitivity Test: Firm Dynamics

(a) Log Markup(Material as Cost Share) (b) Log Markup(Wage Bill as Cost Share)
(c) Export (d) Log Average Price
(e) Number of Product (f) Change in Number of Product

Note: The gure presents a sensitivity analysis of post-treatment event-study estimates for the
outcomes using the methodology of Rambachan and Roth (2023). Rather than assuming strict
parallel trends, the analysis permits deviations in the counterfactual trend, bounded by a pa-
rameterM. The blue dots represent baseline estimates obtained using the method of Sun and
Abraham (2021). The shaded regions correspond to con dence sets that allow for both linear
and non-linear time trends. Whémh = 0, the con dence set assumes a linear trend. MAm-
creases, the model allows for greater exibility in time trend deviations, capturing increasing
sensitivity to violations of the parallel trends assumption.
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5.3 Heterogeneity

While the causal effect of the 3G rollout is evident across Vietnam, an unexplored question
remains: does the 3G rollout affect different types of industries differently? The heterogene-
ity between the manufacturing and wholesale sectors raises an interesting point. Perhaps it
may provide a conduits explaining the effect of 3G internet in Vietham. Manufacturing is
generally more technologically and capital intensive, while wholesale sectors tend to be less
capital intensive and operate closer to end buyers. Advancements in information technology,
particularly the mobile Internet, help reduce communication costs and improve coordination
between rms and their suppliers. This enables rms to manage their supply chains, stream-
line production processes, and enhance logistics operations more ef ciently Aker and Mbiti
(2010); Demir et al. (2024). Understanding how the effects of 3G rollout differ by sector
allows for broader implications regarding the impact of mobile internet technology.

To explore sectoral heterogeneity, | sub-sample the data by industry using the ISIC
1-digit classi cation, distinguishing between Manufacturing (ISIC 10-33) and Whole-
sale/Retail Trade (ISIC 45-47). As shown in Figure 8, the effects of the 3G rollout are more
pronounced in the Wholesale/Retail sector, particularly in terms of employment growth.
Treated wholesale rms exhibit an 8.8% increase in employment, consistent with Caldarola
(2022), who document a 6% rise in service sector employment following 3G expansion in
Rwanda. The employment expansion mainly attributes in high-value sectors such as health
care and nance. In addition, Pham and Caldarola (2024), who report employment gains
in both manufacturing and service sectors in Vietham, | do not nd signi cant employ-
ment effects in the manufacturing sector. However, Figure 8 suggests that manufacturing
rms with 3G access experienced a reduction in inventory holdings, potentially re ecting
improvements in supply chain ef ciency. Finally, in terms of market competition, both
manufacturing and wholesale/retail sectors show a decline in markups, indicating increased
competitive pressure following the rollout.
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Figure 8: Average Treatment Effects by Sector

Note: This gure presents the estimated average treatment effects of the 3G rollout on
all outcomes discussed in Section 3, separately by sector. All the outcomes variables are
in natural logathrim. Figure only show markup derived from ratio of output elasticity of
materials to materials cost share The model is estimated for Manufacturing and Wholesale
rms using the speci cation in Equation 3, following the method of Sun and Abraham
(2021). Standard errors are clustered at the district level, and error bars represent 90%
con dence intervals.
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6 Discussion and Conclusion

This paper examines the impact of mobile broadband (3G) rollout on rm performance in
Vietham. The ndings show that access to 3G internet leads to increased employment, par-
ticularly in the wholesale and retail sectors. Firms in these sectors also exhibit improved
inventory management, suggesting enhanced supply chain coordination enabled by better
communication.

The 3G rollout is associated with a decline in both the wage bill per employee and rm-
level markups, likely re ecting increased market competition and greater price transparency.
However, unlike ndings from studies on xed broadband, we do not observe signi cant im-
provements in rm-level productivity. This highlights the differing effects of mobile versus
xed internet infrastructure in developing economies.

Overall, mobile broadband appears to support rm expansion and operational ef -
ciency, even in the absence of measurable productivity gains. By lowering information fric-
tions and enabling rms to reach broader markets, mobile internet serves as a complementary
tool to xed broadband. These results suggest that expanding access to mobile broadband
should be a key policy priority in developing countries seeking to foster private sector growth
and market integration.
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