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1 The digital divide refers to the gap between individuals, households, businesses, or geographic areas at 
different socio-economic levels in terms of their access to, use of, or familiarity with ICTs. This concept is 
further elaborated later in the chapter. 



9 
 

 

 

-  

  

 

 
 

 

 

 

-  

 

 

 

 

 
 

 

 

 

 

 

 

 

 -  

  

  

 

 



10 
 

-

 

-

-

-

-

-

-  

-



11 
 

 

 

 -

 

 

 

-

 

-

-



12 
 

 

 

-

-

-

-

 

2

 
2 
environmental, and structural dimensions. Relational development focuses on the social and power dynamics 
that shape wellbeing, highlighting the importance of collective agency, community ties, and institutions. The 
sustainability approach critiques development models that ignore ecological limits, advocating for 
intergenerational justice, environmental stewardship, and holistic wellbeing beyond economic growth. 
Meanwhile, the data justice perspective interrogates the role of digital technologies and data systems in 
development, calling for equitable access, representation, and governance of data to prevent new forms of 
exclusion or surveillance. These frameworks broaden the definition of development by embedding it in social, 
ecological, and political contexts, rather than viewing it solely through individual capabilities. 
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3 While the capabilities approach offers a valuable normative framework for assessing human development 
and individual agency, its application in contexts of digital structural inequality has faced criticism. Scholars 
argue that it often presumes individuals can convert capabilities into functionings without fully accounting for 
systemic barriers such as gender norms, limited digital infrastructure, or unequal access to education. In rural 
and marginalized settings, the mere provision of digital access does not ensure meaningful use or 
empowerment. Without addressing structural constraints including digital literacy gaps or patriarchal 
control over technology the capabilities approach risks individualizing responsibility for disadvantage and 
overlooking the broader social conditions that shape real freedoms. A more grounded application requires 
integrating a structural and intersectional analysis to avoid reinforcing existing inequalities under the guise of 
opportunity. 
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4 Sen (1985) argues that  is person  entitlements. 
5 According to Yan et al. (2020), the economic view of the Internet characterizes it as a special kind of virtual 
commodity. The Internet is considered a commodity because it has a functional value as a technical space that 
can meet certain needs for people. Also, as a social space, it has exchange value and can be used for trade. 
6 Sen states that  is partly a matter of person  choice. 
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7 In order not to be repetitive, we shall refer to Internet connectivity also as Internet access. 
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8 Sen (1985) states that resource allocation and public policies must address the challenge of expanding the 
limits of choice reflected in . 
9 Internet access is assumed to be a free and uniform individual choice, which may underestimate existing 
structural constraints. However, as this represents an initial effort to theoretically explore the relationships 
previously mentioned, it is considered a useful starting point, with the understanding that future research 
should build upon this foundation to incorporate a more nuanced and context-sensitive analysis. 
10 Notice that we are allowing for the possibility that all individuals in  access the Internet. 
11 This is because individual  previously chose to access the Internet, or in other words . 
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12 We shall use the common topological operators on . For a set : (i)  denotes the boundary of 

, and (ii) , ,  stand for vector inequalities. 
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13 It should be noted that if  satisfies the resource-monotonicity assumption, any capability index is weakly 
increasing, that is to say, if , then . 
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14 The poorest population in the world is often undernourished, without access to essential services such as 
electricity and safe drinking water, has less access to education, and suffers from much poorer health (World 
Bank, 2022). 
15 In Mexico, CONEVAL is the body in charge of measuring multidimensional poverty and evaluating public 
policies. 
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16 The Shared Network is a national project that seeks to (i) increase the coverage of telecommunications 
services, (ii) promote competitive prices, and (iii) improve the quality of telecommunications services (SCT, 
2019). 
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17 The International Telecommunication Union (ITU), the specialized agency for information and 
communication technologies in the United Nations, revealed that from 2010 to 2015 the number of Internet 
users worldwide increased by 1 billion (50% growth rate), while from 2015 to 2022 it increased by 2.3 billion 
(76% growth rate). During the same period (2015-2022) the 4G mobile network coverage in the world went 
from 43% to 88%, thus, mobile technology stands out as the world's main driver of Internet penetration (ITU, 
2022). 
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we employ three instruments: (i) the percentage of households with a 
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18 In 2010, there were just 4 mobile phone subscribers per 100 inhabitants (IFT, 2023). 
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19 The Federal Institute of Telecommunications is the body in charge of regulating the telecommunications 
sector in Mexico. It is also responsible for guaranteeing equitable access to ICT infrastructure, broadcasting, 
as well as key telecommunications services, such as the mobile Internet. 
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20 

this foundation, the Alkire-Foster multidimensional poverty methodology offers an empirical tool to identify 
and measure poverty through multiple dimensions such as education, health, and living standards rather 
than relying solely on income-based indicators. While Sen emphasizes the importance of enhancing 
individual capabilities, the Alkire-Foster approach translates this conceptual framework into a systematic and 
policy-relevant methodology for assessing deprivations in key aspects of human well-being, thereby enabling 
a more comprehensive understanding of poverty and informing more effective development interventions. 
21 We do not include income as an additional dimension due to lack of information; however, we do include 
specific indicators in the living standards dimension directly associated with the assets owned by the 
households to proxy their economic status. 
22 All the indicators are directly related to a particular Sustainable Development Goal (see the last column of 
Table 2).  
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Dimension 
(1) 

Indicator 
(2) 

Deprivation 
cutoff / 
threshold/a 
(3) 

Weight 
(4) 

SDG 
(5) 

Education 

(1/5) 

% population without completed 

primary, secondary education 
>= 25% 6.66% 

SDG 4: Quality 

Education 

% population with no formal 

education 
>= 15% 6.66% 

SDG 4: Quality 

Education 

Average level of education 
< 7 years of 

schooling 
6.66% 

SDG 4: Quality 

Education 

Health 

(1/5) 

% population without access to 

health services 
>= 30% 20% 

SDG 3: Health 

and Well-being 

Housing quality and 

spaces 

(1/5) 

Average overcrowding (number 

of household members per room) 

in the locality 

> 2 household 

members per 

room 

10% 

SDG 11: 

Sustainable 

Cities and 

Communities 

% of households with packed 

earth without covering floors  
>= 15% 10% 

SDG 11: 

Sustainable 

Cities and 

Communities 

Basic housing 

services 

(1/5) 

% of households without electric 

power 
>= 8% 6.66% 

SDG 7: 

Affordable and 

Clean Energy 

% of households without piped >= 60% 6.66% SDG 6: Clean 
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water supply Water and 

Sanitation 

% of households without 

drainage service 
>= 25% 6.66% 

SDG 6: Clean 

Water and 

Sanitation 

Living standards 

(1/5) 

% of households without a toilet >= 30% 5% 
SDG 1: No 

Poverty 

% of households without a 

refrigerator 
>= 35% 5% 

SDG 1: No 

Poverty 

% of households without a 

washing machine 
>= 50% 5% 

SDG 1: No 

Poverty 

% of households without a TV >= 30% 5% 
SDG 1: No 

Poverty 

 

-

23

 
 

-

- 24

-

 
23 For example, in Mexico, the deprivation cutoffs used by CONEVAL to measure multidimensional poverty 
at the individual level are defined based on normative guidelines (CONEVAL, 2019). 
24 According to Sen (1976), one fundamental problem that needs to be solved when measuring poverty is the 
clear identification of poor/non-poor units of analysis (individuals, households, localities). 
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25 CONAPO is the federal agency in charge of designing, operating, and evaluating public policies aimed at 
regulating population growth and distribution, as well as demographic movements in Mexico. 
26 For additional information about the methodology used to compute the marginalization index, see 
CONAPO (2021) 
27 The Dalenius-Hodges stratification technique was proposed by Tore Dalenius and Joseph L. Hodges in 
1959. Since then, it has been widely used by international literature in multiple disciplines (Skoufias et al., 
2001; Oh and Lucas Jr., 2006; García-González et al., 2009; Hoffmann et al., 2017). 
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28 Due to the non-public nature of the mobile Internet coverage maps, we requested them from the IFT. 
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29 Guaranteed coverage refers to the geographical area reported by each MNO in which the quality conditions 
of its service are guaranteed, following the current official guidelines (DOF, 2020). 
30 2G mobile network was introduced in 1993; at that time, it represented an important advantage over its 
predecessor (1G), mainly because it introduced the Short Message Service (SMS). However, regarding 
Internet service, the 2G technology had a very low transmission speed (14.4  64 kbps) compared to 3G (2 
Mbps) and 4G (2000 Mbps  1 Gbps). As for the 5G mobile Internet, this technology was launched in Mexico 
in February 2022, initially contemplating 18 cities; in 2024 it is available in 104 cities. Therefore, we were 
unable to incorporate this technology as part of our analysis. 
31 Worldwide, 2G mobile network represents 3% of total coverage. In Mexico, Telcel is the only MNO that 

Internet data traffic represented just 0.1% of total mobile Internet data traffic (IFT, 2021). 
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32

-

33

34

oncerning geographical 

conditions, 
35  

 
32 
turn enclose two or more localities. 
33 To account for the variation in sizes of localities (and thus in labor markets), we weight the employment 

 
34 In Mexico, the DICONSA stores are minimarkets where the population can buy basic goods (such as milk, 
rice, beans, oil, soap, toilet paper, and other products) at a subsidized price. According to the federal 
government, their main aim is to contribute to guaranteeing food security in Mexico, especially in the most 
marginalized areas. 
35 Following CONEVAL, we divide our sample into six poverty regions. Region 1 comprises two states: 
Nuevo León and Coahuila; Region 2 includes seven states: Baja California, Baja California Sur, Sonora, 
Sinaloa, Jalisco, Colima, and Quintana Roo; Region 3 comprises eight states: Chihuahua, Tamaulipas, 
Nayarit, Aguascalientes, Guanajuato, Querétaro, México, and Morelos; Region 4 includes seven states: 
Zacatecas, Michoacán, Hidalgo, Tlaxcala, Puebla, Veracruz, and Tabasco; Region 5 encompass four states: 
Durango, San Luis Potosí, Campeche, and Yucatán; Region 6 comprises three states:  Guerrero, Oaxaca, and 
Chiapas. For additional information about the way these poverty regions were defined see CONEVAL 
(2021a).  
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36 According to this Council, a metropolitan area is defined as a set of two or more municipalities containing a 
city with a population of 100,000 inhabitants or more, whose urban area, functions, and activities extend 
beyond the boundaries of the municipality. Metropolitan areas also include municipalities (i) with a city of 
more than 500,000 inhabitants, (ii) with cities of 200,000 citizens on the northern, and southern borders, and 
in the coastal regions, and (iii) in which the state capitals are located.  
37 For additional details about the methodology used to compute this indicator, see CONEVAL (2021b). 
38 The number of observations decreases due to the lack of information to compute the instrumental variables 
as well as some control variables; however, we continue considering 95 million inhabitants (75.8% of the 
Mexican population). It is worth noting that we do not detect a pattern within the lost observations (localities); 
therefore, we are confident that we face a missing-at-random situation (Little and Rubin, 2002). 



52 
 

 

    mean   st. dev. 

Control Covariates    

 
pop: % youth population (15 - 29 years old) 0.230  0.071 

 
pop: % elderly population (65 years old and more) 0.112  0.086 

 
pop: % of illiterate population 0.141  0.120 

 
pop: % indigenous language speakers 0.164  0.319 

 
pop: weighted employment rate 0.008  0.033 

 
hhs: % households with 3 or more rooms 0.670  0.211 

 
hhs: % households without a car/motorcycle 0.570  0.274 

 
loc: medical clinic 0.313  0.464 

 
loc: drugstore 0.058  0.235 

 
loc: DICONSA store 0.223  0.416 

 
loc: public street lighting system 0.745  0.436 

 

mun: % households receiving international 

remittances 
0.002  0.006 

 
acc: level of accessibility via paved road 3.384  1.359 

 
acc: distance btw. locality - closest metropolitan area 70.624  45.985 

 
geo: altitude 1160.733  872.440 

 
geo: Region_1 0.031  0.173 

 
geo: Region_2 0.116  0.320 

 
geo: Region_3 0.208  0.406 

 
geo: Region_4 0.335  0.472 

 
geo: Region_5 0.088  0.284 

  geo: Region_6 0.222   0.416 

Observations 75,905     
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39 Additionally, in Appendix 2.1 we show some basic statistics that strengthen the relevance of our 
instruments to explain recent mobile Internet coverage. 
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- ,         

with 

-  if -  for  

where the values of the cut-off points  must be estimated along with the 

parameter of interest  and the vector of parameters , while  and .  

The second equation associates the binary mobile Internet coverage to the same set 

of determinants that influence multidimensional poverty  and a set of instrumental 

variables , using a latent continuous variable : 

,          

with 
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 if  (the locality does not have mobile Internet coverage) 

 if  (the locality has mobile Internet coverage) 

where the cut-off point is normalized to 0. This gives rise to the following loglikelihood 

function: 

- ,     

-

-

 

Moreover, using the potential-outcomes framework (Rubin, 1974, 2005), we can 

compute treatment effects of mobile network coverage on multidimensional poverty. To do 

so, we consider our binary indicator for mobile Internet coverage  as if it were an 

, with two levels (  and ),40 which allows us to 

index potential outcomes of our dependent variable - -  and - , of 

which only one is observed. Also, we assume that the treatment assignment process is 

modeled with a probit regression like equation (6). Therefore, our ordered probit model of 

-  on treatment  with levels  and  has the form: 

- -          

where for  and exogenous covariates  

-  if  for  

while  and . 

Since  is the control treatment level, the treatment effect on a given category 

 of multidimensional poverty is the difference between -  and the control 

- , - - ; that is to say, the difference in the outcome 
 

40
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for locality  on being in category  if the locality receives the treatment  instead of 

the control  (not receiving the treatment). Evaluating this treatment effect allows us 

to see how the treatment affects the probability of being in outcome category . 

Now, the average treatment effect  for outcome category  is: 

- -      

where - -  is the treatment effect on 

category  conditioned on . 

Additionally, the average treatment effect on the treated  for outcome category  is: 

- -

                          

where - -  is the 

treatment effect on the treated on category  conditioned on  and . We use the estat 

teffects option of the eoprobit command (StataCorp, 2017) to compute treatment effects on 

each outcome category . 

2.3.3 Validity and Reliability of the IV Model 

Having presented the intuitive justification for the use of lagged information on the ICT 

development in the locality to construct valid instruments, and before discussing results in 

detail, we will review some tests for the validity of our instrumental variables (IVs). 

Specifically, we use three instruments: (i) the percentage of households with a 

 

Given that calculating the proper tests in an IV ordered probit model is not 

straightforward, we discuss indicative tests obtained from a standard IV/2SLS model. The 

key assumption is that if these tests suggest the (in)validity of the IV, then we can expect 

the same (in)validity in the correctly specified model. The results of the tests are shown in 
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Table 4. Since the underidentification tests are clearly passed, our IVs are significant in the 

explanation of mobile Internet coverage. The null hypothesis of exogeneity is rejected; 

therefore, mobile Internet coverage should be considered as an endogenous phenomenon. 

The robust weak instrument tests are also passed; thus, our IVs are not weak. Finally, the 

overidentification tests (under the null of valid exclusion restrictions) show that our IVs are 

valid instruments. Taken as a whole, the information in Table 4 gives us confidence in the 

validity of our instruments. 

 

 

    3G 4G 3G+4G 

Instrumental variables    

% households with landline telephone in 2000 Yes Yes No 

Interaction between % households with landline telephone in 

2000 and % households with TV in 2000 
No No Yes 

Interaction between % households with landline telephone in 

2010 and % households with fixed Internet service in 2010 
Yes Yes Yes 

Underidentification test (F test of excluded instruments) 598.76 488.1 481.42 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 2.18 1.23 1.17 

 
H0: exclusion restrictions of instruments are valid 0.1402 0.2677 0.2797 

Underidentification test (Kleibergen-Paap rk LM Statistic) 1217.68 891.51 1042.08 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Montiel-Pflueger robust weak instrument test 719.045 482.087 604.047 

 
H0: weak instruments a b c 

Endogeneity test of endogenous regressor 29.67 27.53 56.23 

  H0: regressor can be considered as exogenous 0.0000 0.0000 0.0000 

(a) 2SLS critical values: 5% 17.35, 10% 11.34, 20% 7.87. 

(b) 2SLS critical values: 5% 8.75, 10% 6.28, 20% 4.83. 

(c) 2SLS critical values: 5% 17.19, 10% 11.24, 20% 7.82. 

 



59 
 

 

  

 

41

-  

 
41 In Appendix 2.2 we show the impact of the mobile Internet on multidimensional poverty using two binary 
thresholds of poverty. 
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3G 

 
4G 

 
3G+4G 

  Multidimensional Poverty 
 

3G mobile Internet 
-0.633 ***       

(0.032)        

4G mobile Internet 
   -0.496 ***    

   (0.044)     

3G+4G mobile Internet       -0.635 *** 
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      (0.034)  

pop: % youth population (15 - 29 years old) 
0.242 ***  0.258 ***  0.267 *** 

(0.071)   (0.071)   (0.071)  

pop: % elderly population (65 years old and more) 
0.387 ***  0.345 ***  0.402 *** 

(0.062)   (0.064)   (0.062)  

pop: % of illiterate population 
2.734 ***  2.808 ***  2.747 *** 

(0.054)   (0.056)   (0.054)  

pop: % indigenous language speakers 
0.247 ***  0.264 ***  0.250 *** 

(0.016)   (0.016)   (0.016)  

pop: weighted employment rate 
-1.480 ***  -1.476 ***  -1.527 *** 

(0.169)   (0.177)   (0.168)  

dwe: % households with 3 or more rooms 
-1.344 ***  -1.371 ***  -1.362 *** 

(0.024)   (0.024)   (0.024)  

dwe: % households without a car/motorcycle 
0.584 ***  0.674 ***  0.586 *** 

(0.022)   (0.021)   (0.022)  

loc: medical clinic 
-0.226 ***  -0.219 ***  -0.223 *** 

(0.009)   (0.009)   (0.009)  

loc: drugstore 
-0.076 ***  -0.083 ***  -0.089 *** 

(0.018)   (0.019)   (0.018)  

loc: DICONSA store 
-0.240 ***  -0.228 ***  -0.239 *** 

(0.010)   (0.010)   (0.010)  

loc: public street lighting system 
-0.352 ***  -0.374 ***  -0.347 *** 

(0.010)   (0.010)   (0.010)  

mun: % households receiving international remittances 
-9.912 ***  -9.603 ***  -10.418 *** 

(0.844)   (0.859)   (0.854)  

acc: level of accessibility via paved road 
-0.151 ***  -0.171 ***  -0.146 *** 

(0.005)   (0.006)   (0.006)  

acc: distance btw. locality - closest metropolitan area 
0.001 ***  0.001 ***  0.001 *** 

(0.000)   (0.000)   (0.000)  

geo: altitude 
0.0002 ***  0.0002 ***  0.0002 *** 

(0.000)   (0.000)   (0.000)  

geo: Region_1 
-0.045   -0.186 ***  -0.060 ** 

(0.028)   (0.027)   (0.028)  

geo: Region_2 
-0.019   -0.126 ***  -0.024  

(0.020)   (0.019)   (0.020)  
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geo: Region_3 
-0.253 ***  -0.341 ***  -0.241 *** 

(0.017)   (0.017)   (0.018)  

geo: Region_4 
0.070 ***  0.047 ***  0.096 *** 

(0.012)   (0.013)   (0.013)  

geo: Region_5 
-0.039 **  -0.056 ***  -0.016  

(0.017)   (0.017)   (0.017)  

Cut-off point 1 (m1) 
-2.136   -2.130   -2.169  

(0.036)   (0.036)   (0.036)  

Cut-off point 2 (m2) 
-1.018   -0.999   -1.048  

(0.036)   (0.036)   (0.036)  

Cut-off point 3 (m3) 
-0.197   -0.170   -0.226  

(0.036)   (0.036)   (0.036)  

Cut-off point 4 (m4) 
0.930   0.969   0.904  

(0.037)   (0.037)   (0.037)  

Correlation between mult. poverty and mobile internet 
0.289 ***  0.201 ***  0.278 *** 

(0.019)     (0.026)     (0.020)   

Number of observations 75905   75905   75905  

Log pseudolikelihood -130403.76   -130067.36   -130152.67  

 44722.25   43469.64   44487.44  

Model test p-value 0.00     0.00     0.00   

Robust standard errors are in parentheses. *** p<.01, ** p<.05, * p<.1 
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  Average treatment effect (ATE)   Average treatment effect on the treated (ATET) 

  

Difference 

(treat. vs 

cont.) 

Std. Error z-value  
Difference 

(treat. vs cont.) 
Std. Error z-value 

3G mobile Internet 
       

Very low 12.3396 0.0080 15.34  14.2769 0.0080 17.78 

Low 4.1824 0.0041 10.19  2.8456 0.0048 5.89 

Medium -4.0982 0.0039 -10.56  -6.1438 0.0041 -15.14 

High -8.8824 0.0051 -17.30  -8.7195 0.0057 -15.23 

Very high -3.5414 0.0037 -9.70  -2.2592 0.0027 -8.22 

4G mobile Internet    
    

Very low 11.4209 0.0104 11.02 
 

11.7530 0.0099 11.87 

Low 4.1575 0.0039 10.78 
 

2.9586 0.0047 6.35 

Medium -4.3781 0.0045 -9.74 
 

-5.7977 0.0047 -12.34 

High -7.7801 0.0056 -13.93 
 

-7.0566 0.0061 -11.48 

Very high -3.4201 0.0040 -8.62 
 

-1.8574 0.0030 -6.25 

3G+4G mobile Internet 
       

Very low 12.5043 0.0077 16.16 
 

14.5365 0.0078 18.53 

Low 4.1625 0.0043 9.60 
 

2.9928 0.0051 5.84 

Medium -4.0891 0.0038 -10.82 
 

-6.0887 0.0040 -15.31 

High -8.8537 0.0053 -16.70 
 

-8.9420 0.0059 -15.04 

Very high -3.7239 0.0037 -10.11   -2.4986 0.0030 -8.39 
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42

43

 
42 For additional details about the methodology see INEGI (2022).   
43 The mean informality rate for each tercile is 1st 0.568, 2nd 0.746, 3rd 0.905. 
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Panel A 
(-)              Informality rate              (+) 

1st tercile   2nd tercile   3rd tercile   

3G mobile Internet 
-1.389 *** -1.467 *** -1.059 *** 
(0.343)  (0.191)  (0.319)  

Controls Yes   Yes   Yes   
Number of observations 23299  26561  26045  
Log pseudolikelihood -38584.63  -48355.15  -43776.23  

 13009.14  22389.39  15288.94  
Model test p-value 0.00  0.00   0.00   

Panel B             
1st tercile   2nd tercile   3rd tercile   

4G mobile Internet 
-0.657 *** -1.267 *** -1.008 *** 
(0.207)  (0.183)  (0.314)  

Controls Yes   Yes   Yes   
Number of observations 23299  26561  26045  
Log pseudolikelihood -40503.43  -47410.16  -42082.37  

 9227.75  18156.39  14827.17  
Model test p-value 0.00   0.00   0.00   

Panel C             
1st tercile   2nd tercile   3rd tercile   

3G+4G mobile Internet 
-1.927 *** -1.754 *** -1.192 *** 
(0.328)  (0.171)  (0.340)  

Controls Yes   Yes   Yes   
Number of observations 23299  26561  26045  
Log pseudolikelihood -37129.94  -48218.08  -45025.79  

 18136.61  31713.66  16427.69  
Model test p-value 0.00   0.00   0.00   
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44 IV tests are shown in Appendix 2.4. 
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Panel A 

Instrumental Variables 
3G  4G  3G+4G  

Multidimensional Poverty 

% households with landline telephone in 2000 Yes  Yes  No  

Interaction between % households with landline 

telephone in 2000 and % households with TV in 

2000 

No  No  Yes  

Interaction between % households with PC in 

2010 and % households with fixed Internet 

service in 2010 

Yes  Yes  Yes  

 -0.624 *** -0.489 *** -0.626 *** 
 (0.032)  (0.045)  (0.034)  

Controls Yes   Yes   Yes   

Number of observations 75,905 
 

75,905 
 

75,905 
 

Log pseudolikelihood -130428.18 
 

-130094.18 
 

-130173.00 
 

 44611.08 
 

43400.33 
 

44385.37 
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Model test p-value 0.00 
 

0.00 
 

0.00 
 

Panel B 

Instrumental Variables 3G  4G  3G+4G  

Interaction between % households with PC in 

2010 and % households with fixed Internet 

service in 2010 

Yes  Yes  Yes  

Interaction between % households with landline 

telephone in 2010 and % households with fixed 

Internet service in 2010 

Yes  Yes  Yes  

 -0.642 *** -0.492 *** -0.578 *** 
 (0.034)  (0.048)  (0.040) 

 
Controls Yes   Yes   Yes   

Number of observations 75,905 
 

75,905 
 

75,905 
 

Log pseudolikelihood -130783.03  -130264.23  -130550.42 
 

 44759.72  43377.08  43819.21 
 

Model test p-value 0.00   0.00   0.00   

Panel C 

Instrumental Variables 3G  4G  3G+4G  

% households with TV in 2000 Yes  Yes  Yes  

number of households in 2000 Yes  Yes  Yes  

 -1.088 *** -1.064 *** -1.098 *** 
 (0.016)  (0.017)  (0.016) 

 
Controls Yes   Yes   Yes   

Number of observations 75,905 
 

75,905 
 

75,905 
 

Log pseudolikelihood -129156.90  -129048.89  -128836.46 
 

 53732.03  52498.19  53506.48 
 

Model test p-value 0.00   0.00   0.00   

Robust standard errors are in parentheses. *** p<.01, ** p<.05, * p<.1 
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Panel A 

Instrumental Variables 
3G  4G  3G+4G  

Multidimensional Poverty 

% households with landline telephone in 2000 Yes  Yes  No  

Interaction between % households with landline 

telephone in 2000 and % households with TV in 

2000 

No  No  Yes  

Interaction between % households with landline 

telephone in 2010 and % households with fixed 

Internet service in 2010 

Yes  Yes  Yes  
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 -0.827 *** -0.659 *** -0.822 *** 
 (0.025)  (0.036)  (0.026)  

Additional controls Yes   Yes   Yes   

Number of observations 75,905 
 

75,905 
 

75,905 
 

Log pseudolikelihood -133412.97 
 

-133155.54 
 

-133208.59 
 

 41738.20 
 

39203.46 
 

41313.81 
 

Model test p-value 0.00   0.00   0.00   

Panel B 

Instrumental Variables 3G  4G  3G+4G  

% households with landline telephone in 2000 Yes  Yes  No  

Interaction between % households with landline 

telephone in 2000 and % households with TV in 

2000 

No  No  Yes  

Interaction between % households with landline 

telephone in 2010 and % households with fixed 

Internet service in 2010 

Yes  Yes  Yes  

 -0.730 *** -0.574 *** -0.743 *** 
 (0.028)  (0.036)  (0.030)  

Additional controls Yes   Yes   Yes   

Number of observations 75,905 
 

75,905 
 

75,905 
 

Log pseudolikelihood -131005.84 
 

-130758.50 
 

-130916.17 
 

 44453.46 
 

43028.51 
 

44336.64 
 

Model test p-value 0.00   0.00   0.00   

Panel C 

Instrumental Variables 3G  4G  3G+4G  

% households with landline telephone in 2000 Yes  Yes  No  

Interaction between % households with landline 

telephone in 2000 and % households with TV in 

2000 

No  No  Yes  

Interaction between % households with landline 

telephone in 2010 and % households with fixed 

Internet service in 2010 

Yes  Yes  Yes  

 -0.543 *** -0.419 *** -0.556 *** 
 (0.030)  (0.040)  (0.031)  

Additional controls Yes   Yes   Yes   
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Number of observations 81,340 
 

81,340 
 

81,340 
 

Log pseudolikelihood -140092.00 
 

-139900.76 
 

-139556.51 
 

 46341.91 
 

45410.43 
 

46148.49 
 

Model test p-value 0.00   0.00   0.00   

Robust standard errors are in parentheses. *** p<.01, ** p<.05, * p<.1 

 

  

-  

 

-

-  



74 
 

 

 

-

-  

 

- -



75 
 

-

-

- -  

 

-

 

 

-



76 
 

- -  

 

 

 

-

 

  



77 
 

 

 

 

  

45

- -

 

-

 
45 Migration is a powerful sustainable development driver, benefiting migrants and their home communities. 
It can help reduce poverty for migrants and their families while also significantly contributing to development 
initiatives in origin and destination countries (IOM, 2018). 
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48 The DICONSA stores are minimarkets where the population can buy basic goods at a subsidized price. 
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Table 10. Summary statistics 
  

  Mean Std. Dev. 

Dependent variables     

Internet access 0.483 0.500 

Migration decisions 0.173 0.378 

Female labor force participation   

Salaried job 0.233 0.423 

Self-employment 0.154 0.361 

      

Explanatory variables     

Information about the household head     

Male HH head/1 0.812 0.391 

Age of HH head 48.798 15.534 

Age squared of HH head 2622.482 1608.923 

Age of HH head btw 15_29/1 0.109 0.311 

Age of HH head btw 30_55/1 0.559 0.497 

Age of HH head btw 56_or above/1 0.332 0.471 

Years of schooling HH head 5.578 3.681 

HH head with no education/1 0.123 0.328 

HH head basic education (primary and secondary)/1 0.772 0.419 

HH head high school education or above/1 0.105 0.307 

HH head speaks indigenous language/1 0.254 0.435 

HH head married or living in free union/1 0.797 0.403 

Male HH head working in a non-agricultural salaried 

job/1 
0.258 0.438 

      

Information at the household level     

Number of minors (under 12 years old) 0.910 1.102 

Number of elderly (60 years old or above) 0.411 0.707 

Number of infants (children aged 5 years or younger) 0.389 0.677 

Number of children attending school 0.797 1.100 

Owned HH/1 0.866 0.340 

Number of male members working in agricultural 

activities 
0.491 0.781 
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HH owns real estate assets (apartment, land, or 

additional house)/1 
0.021 0.144 

HH receives monetary support from a federal program/1 0.162 0.369 

Number of rooms in the HH 2.748 1.318 

HH with a separate cook room/1 0.843 0.364 

HH with sewerage system/1 0.477 0.500 

HH owns a tractor/1 0.011 0.105 

HH owns livestock or work animals/1 0.219 0.414 

      

Information at the village level     

Percentage of illiterate population 0.017 0.015 

Percentage of the population speaks indigenous 

language and does not speak Spanish 
0.054 0.147 

Percentage of HHs with two or more rooms 0.287 0.162 

Percentage of HHs that owns a TV 0.812 0.202 

Medical clinic/1 0.727 0.446 

Drugstore/1 0.290 0.454 

Restaurant/1 0.408 0.492 

Hotel/1 0.124 0.330 

DICONSA store/1 0.503 0.500 

Elevation 1290.092 905.612 

Distance between village and closest metropolitan area 56.324 38.249 

1/ 1 yes, 0 no 
  

Source: By author based on the 2015 ENCHOR and 2010 National Population and 

Housing Census data. 
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Table 13. Treatment effects of Internet and Migration 

Panel A Salaried job 

  
Full model  

Agricultural 

activities 
 

Non-agricultural 

activities 

Internet on Migration 
1.348 *** 

 
1.407 *** 

 
1.722 *** 

(0.002)  
 

(0.002) 
  

(0.002) 
 

Internet on Employment 
2.686 *** 

 
-0.634 *** 

 
2.285 *** 

(0.005)  
 

(0.002) 
  

(0.005) 
 

Migration on Employment 
13.928 *** 

 
4.924 *** 

 
12.954 *** 

(0.003)  
 

(0.001) 
  

(0.004) 
 

Int. & Mig. on Employment 
17.603 *** 

 
4.549 *** 

 
16.332 *** 

(0.006)  
 

(0.002) 
  

(0.006) 
 

Panel B Self-employment 

 
Full model 

 

Agricultural 

activities 
 

Non-agricultural 

activities 

Internet on Migration 
2.112 *** 

 
-0.745 *** 

 
1.686 *** 

(0.002) 
  

(0.002) 
  

(0.002) 
 

Internet on Employment 
-16.669 *** 

 
-12.296 *** 

 
1.192 *** 

(0.003) 
  

(0.004) 
  

(0.001) 
 

Migration on Employment 
15.080 *** 

 
6.287 *** 

 
0.217 *** 

(0.002) 
  

(0.002) 
  

(0.001) 
 

Int. & Mig. on Employment 
1.434 *** 

 
-4.950 *** 

 
1.166 *** 

(0.003)     (0.004)     (0.001)   

The numbers represent treatment effects measured in percentage points.   

Standard errors by bootstrapping (100 replications). ***p < 0.01     

Source: By author based on predicted probabilities obtained from Tables 11 and 12. 
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-

 

 

 

Panel A: poor if L-MPIk >= 0.4 

 
3G   4G   3G+4G 

 

ATE 
-14.8 *** -20.5 *** 3.29 

 
(0.055) 

 
(0.028) 

 
(0.052) 

 

ATET 
-15.5 *** 1.14 

 
-8.80 ** 

(0.042) 
 

(0.023) 
 

(0.042) 
 

Panel B: extremely poor if L-MPIk >= 0.6 

 
3G   4G   3G+4G 

 

ATE 
-13.3 *** -9.86 *** -3.83  

(0.020) 
 

(0.012) 
 

(0.051) 
 

ATET 
-12.1 *** -3.11 * -11.7 *** 

(0.031)   (0.016)   (0.033)   

Robust standard errors in parentheses. *** p<.01, ** p<.05, * p<.1 
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Panel A 
(3G Mobile Internet) 

      

1st tercile 2nd tercile 3rd tercile 

Instrumental Variables    

Interaction between % households with PC in 2010 and % 

households with fixed Internet service in 2010 
Yes Yes Yes 

Interaction between % households with landline telephone 

service in 2010 and % households with fixed Internet service 

in 2010 

Yes Yes Yes 

Underidentification test (F test of excluded instruments) 57.08 47.5 18.54 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 
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Overidentification test (Hansen J statistic) 0.93 0.18 1.01 

 
H0: exclusion restrictions of instruments are valid 0.3352 0.6693 0.3155 

Underidentification test (Kleibergen-Paap rk LM Statistic) 98.42 84.67 50.56 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Endogeneity test of endogenous regressor 2.44 22.38 8.16 

  H0: regressor can be considered as exogenous 0.1186 0.0000 0.0043 

Panel B 
(4G Mobile Internet) 

      

1st tercile 2nd tercile 3rd tercile 

Instrumental Variables    

Interaction between % households with PC in 2010 and % 

households with fixed Internet service in 2010 
Yes Yes Yes 

Interaction between % households with landline telephone 

service in 2010 and % households with fixed Internet service 

in 2010 

Yes Yes Yes 

Underidentification test (F test of excluded instruments) 111.60 29.57 19.35 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 1.01 0.56 0.59 

 
H0: exclusion restrictions of instruments are valid 0.3141 0.4532 0.441 

Underidentification test (Kleibergen-Paap rk LM Statistic) 201.16 78.00 40.89 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Endogeneity test of endogenous regressor 0.40 21.71 8.65 

  H0: regressor can be considered as exogenous 0.5288 0.0000 0.0033 

Panel C 
(3G+4G Mobile Internet) 

      

1st tercile 2nd tercile 3rd tercile 

Instrumental Variables    

Interaction between % households with PC in 2010 and % 

households with fixed Internet service in 2010 
Yes Yes Yes 

Interaction between % households with landline telephone 

service in 2010 and % households with fixed Internet service 

in 2010 

Yes Yes Yes 

Underidentification test (F test of excluded instruments) 31.61 38.48 15.97 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 0.70 0.32 0.98 

 
H0: exclusion restrictions of instruments are valid 0.4016 0.5693 0.3233 

Underidentification test (Kleibergen-Paap rk LM Statistic) 57.24 62.41 47.95 
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H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Endogeneity test of endogenous regressor 2.89 23.35 7.86 

  H0: regressor can be considered as exogenous 0.0889 0.0000 0.0050 

 

 

 

 

Panel A 
      

3G 4G 3G+4G 

Instrumental Variables    

% households with landline telephone in 2000 Yes Yes No 

Interaction between % households with landline telephone in 

2000 and % households with TV in 2000 
No No Yes 

Interaction between % households with PC in 2010 and % 

households with fixed Internet service in 2010 
Yes Yes Yes 

Underidentification test (F test of excluded instruments) 587.84 467.48 481.42 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 1.52 1.16 1.17 

 
H0: exclusion restrictions of instruments are valid 0.2175 0.2821 0.2797 

Underidentification test (Kleibergen-Paap rk LM Statistic) 1197.97 853.16 1042.08 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Montiel-Pflueger robust weak instrument test 718.215 441.081 604.047 

 
H0: weak instruments a b c 

Endogeneity test of endogenous regressor 28.42 26.66 56.23 

  H0: regressor can be considered as exogenous 0.0000 0.0000 0.0000 

Panel B 
      

3G 4G 3G+4G 

Instrumental Variables    
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Interaction between % households with PC in 2010 and % 

households with fixed Internet service in 2010 
Yes Yes Yes 

Interaction between % households with landline telephone in 

2010 and % households with fixed Internet service in 2010 
Yes Yes Yes 

Underidentification test (F test of excluded instruments) 169.56 197.1 127.55 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 0.06 0.02 0.29 

 
H0: exclusion restrictions of instruments are valid 0.8055 0.8998 0.5927 

Underidentification test (Kleibergen-Paap rk LM Statistic) 307.98 382.96 235.26 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Montiel-Pflueger robust weak instrument test 131.457 152.47 94.756 

 
H0: weak instruments d e f 

Endogeneity test of endogenous regressor 15.04 9.62 16.30 

  H0: regressor can be considered as exogenous 0.0000 0.0019 0.0001 

Panel C 
      

3G 4G 3G+4G 

Instrumental Variables    

% households with TV in 2000 Yes Yes Yes 

number of households in 2000 Yes Yes Yes 

Underidentification test (F test of excluded instruments) 1132.12 868.77 1186.51 

 
H0: instruments are jointly irrelevant in first stage 0.0000 0.0000 0.0000 

Overidentification test (Hansen J statistic) 1.13 0.41 1.12 

 
H0: exclusion restrictions of instruments are valid 0.2871 0.5207 0.2899 

Underidentification test (Kleibergen-Paap rk LM Statistic) 2116.90 1630.75 2214.78 

 
H0: model is underidentified, instruments are not good 0.0000 0.0000 0.0000 

Montiel-Pflueger robust weak instrument test 1783.68 1436.83 1846.55 

 
H0: weak instruments g h i 

Endogeneity test of endogenous regressor 2642.99 2662.67 2605.98 

  H0: regressor can be considered as exogenous 0.0000 0.0000 0.0000 
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  Average Treatment Effect (ATE)   Average Treatment Effect on the Treated (ATET) 

  

Difference 

(treat. vs 

cont.) 

Std. Error z-value  
Difference 

(treat. vs cont.) 
Std. Error z-value 

Panel A 

3G Mobile Internet 
       

Very low 12.0363 0.0081 14.85  13.9924 0.0081 17.13 

Low 4.0814 0.0041 9.92  2.7146 0.0047 5.66 

Medium -4.0006 0.0038 -10.26  -6.0380 0.0041 -14.67 

High -8.7047 0.0051 -16.86  -8.5111 0.0057 -14.82 

Very high -3.4124 0.0036 -9.28  -2.1579 0.0027 -7.92 

4G Mobile Internet        

Very low 11.1625 0.0105 10.61  11.5201 0.0101 11.36 

Low 4.1076 0.0038 10.59  2.8817 0.0046 6.20 

Medium -4.2932 0.0045 -9.45  -5.7077 0.0047 -11.93 

High -7.6509 0.0056 -13.50  -6.9090 0.0062 -11.10 

Very high -3.3260 0.0040 -8.24  -1.7850 0.0029 -5.98 

3G+4G Mobile Internet        

Very low 12.2584 0.0077 15.73  14.3015 0.0079 17.95 

Low 4.0643 0.0043 9.36  2.8684 0.0050 5.63 

Medium -4.0124 0.0037 -10.57  -6.0048 0.0040 -14.92 

High -8.6975 0.0053 -16.34  -8.7596 0.0059 -14.70 

Very high -3.6128 0.0036 -9.77  -2.4054 0.0029 -8.14 

Panel B 

3G Mobile Internet        
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Very low 12.0171 0.0085 14.02  14.0121 0.0086 16.19 

Low 4.0481 0.0042 9.63  2.6888 0.0049 5.44 

Medium -4.0063 0.0040 -10.00  -6.0629 0.0042 -14.20 

High -8.6849 0.0054 -16.03  -8.5006 0.0060 -13.98 

Very high -3.3739 0.0038 -8.78  -2.1374 0.0028 -7.46 

4G Mobile Internet        

Very low 11.2466 0.0112 10.04  11.6030 0.0107 10.78 

Low 4.1053 0.0039 10.45  2.8894 0.0047 6.05 

Medium -4.3246 0.0047 -9.16  -5.7460 0.0049 -11.49 

High -7.6843 0.0059 -12.86  -6.9468 0.0066 -10.51 

Very high -3.3430 0.0042 -7.90  -1.7996 0.0031 -5.69 

3G+4G Mobile Internet        

Very low 10.5554 0.0090 11.66  12.6165 0.0096 13.06 

Low 3.3964 0.0045 7.38  2.0840 0.0051 4.07 

Medium -3.4819 0.0041 -8.49  -5.3857 0.0046 -11.62 

High -7.6287 0.0059 -12.80  -7.5203 0.0066 -11.28 

Very high -2.8412 0.0041 -6.80  -1.7945 0.0030 -5.83 

Panel C 

3G Mobile Internet        

Very low 26.2527 0.0050 51.62  24.8408 0.0037 66.16 

Low 7.9873 0.0033 23.65  11.1581 0.0047 23.49 

Medium -8.2028 0.0030 -27.22  -8.6844 0.0031 -27.98 

High -16.8416 0.0034 -49.05  -18.5410 0.0040 -45.32 

Very high -9.1955 0.0025 -36.10  -8.7736 0.0033 -25.92 

4G Mobile Internet        

Very low 29.2569 0.0061 47.87  24.5081 0.0041 59.42 

Low 5.4806 0.0033 16.33  11.1220 0.0048 23.06 

Medium -9.8878 0.0030 -32.24  -9.4168 0.0031 -29.72 

High -15.9113 0.0031 -49.95  -17.4944 0.0040 -42.86 

Very high -8.9383 0.0022 -39.61  -8.7188 0.0033 -25.98 

3G+4G Mobile Internet        

Very low 25.1763 0.0046 53.80  24.4645 0.0036 67.93 

Low 8.9964 0.0034 25.71  11.7701 0.0048 24.35 

Medium -7.4934 0.0029 -25.11  -8.0356 0.0031 -25.63 

High -16.9735 0.0035 -47.40  -18.7314 0.0041 -44.88 
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Very high -9.7057 0.0028 -34.51  -9.4676 0.0037 -25.47 

 

  



132 
 

 

 

-  

 

-  

 

-  

 

 

-

 

-  

 

 

- -  

 

 

-  



133 
 

-
 

 

-  -  
-

-  

 

- -
 

-  

 

-
 

- -
 

 

 

-  
-

-  

-
-  

-  

 

 



134 
 

 

 

 

 

 
-

 

 

 

-
-

 

- - -
-  

 

-  

 

-  

 

 

 



135 
 

 

 

 

 

-
-  

-  

 

 

-
 

 

 

 

-  

 

- -
 



136 
 

-  

 

 

-  

-  

 

 

 
- - - -

 

- -
-  

-  

-  

 

 

 

-  

 

-  

-  



137 
 

-
 

-
 

-  

 

-  

-  

 

 
 

-  

 

 

-  

-  

 

 

 

 



138 
 

-

 

 

 

- - - -

 

- - - -
 

-
- -  

-  

-
 

 

- -  

-  

-  

-  

 

 

-  



139 
 

 

 

-  
-

 

-
-

 

-
 

- -

 

-  

-  

-  

-  

-
-  

 

 

-  

-  

 
-

-  



140 
 

- -
-  

 

-
-  

-  

- -
 

-
 

-  

 

-  

-  -

 

-
 

-  

-  

-  

-  

 

 

 



141 
 

- - -

 

-  

-  

- -  

 

 

 

-
-

 

-
 

-
 

 

-  

-
-

-
 

-  

-  

-  

-  



142 
 

-  

 

-
-  

-  

 

 

-  

-  

- -
   

-  

 

- -
-  

- -
-  

-  
-

 

- -
 

 

-  

-
 

-  



143 
 

 

-  

-  

-

-  
-

-  

-  

-
-  

 

 

 

-  

-  

-  

 

 

 

 

 

-
 



144 
 

-  

-  

-
 

 

-
 

 

 

-  

-
 

 

- -  

 

  



145 
 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

 

 

  



146 
 

 

 

  

  

  

 


