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Abstract

This study aims to investigate the causal relationship between digitalization and economic growth in Mexico by constructing a Digital Economy
and Society Index (DESI) at the state level from 2015 to 2023. The results suggest that a 1% increase in the DESI boosts total GDP by
0.058%. This effect is double in states with greater economic progress, reaching 0.134%. The results also suggest that greater technological
infrastructure, closing the digital divide and developing digital skills are imperative for Mexico to be among the world’s top ten economies.
Additionally, these factors influence the reduction of heterogeneous state patterns of digitalization through the implementation of public policies
on digital matters.
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1. INTRODUCTION

Today's digital world permeates societies and economies around the world to varying degrees. Its economic importance is undeniable. In
Mexico, the gross censal added value of e-commerce contributed 5.9% to GDP in 2022 (INEGI, 2023a), while the telecommunications
subsector grew at an average annual rate of 9% between 2015 and 2023 (INEGI, 2023e), well above the average annual growth rate, close to
1%. Developed countries perform better globally, with e-commerce value growing at average annual rates of between 8% and 10% in countries
such as Germany, South Korea and the United States (OECD, 2024).

In recent decades, specialized literature on the relationship between digitalization variables and economic growth has grown. One World Bank
(WB) study (Qiang et al., 2009) found that telecommunications variables positively impact on economic growth. Katz's (2009) analysis validated
its positive transversal effect on developed and Latin American (LA) countries through employment, investment, innovation, productivity and
economic development. Other studies for Latin American countries have also validated the multiplier effects of technological infrastructure on
economic performance (Alderete, 2017; Katz et al., 2023; Zaballos and Lépez-Rivas, 2012). For example, Rabanal (2024) affirms that there is
evidence of the technology productivity paradox (Solow, 1987) in his analysis of 12 Latin American countries.

Regarding Mexico, the literature measuring the causal relationship between telecommunications variables and economic growth is scarce.
Some studies have been identified, such as that by Jiménez et al. (2014) with data from 1991 to 2010, which found a positive effect of the

variables of mobile phone users and the number of computers on GDP using the Global Innovation Index (GII).l A subsector study by Diaz et
al. (2018) revealed that level of education, information and communication technology (ICT) skills and the availability of ICT infrastructure in
companies are important determinants of labor productivity in Mexico. Meanwhile, Gonzalez (2020) estimated that the effect of broadband
internet increased GDP by 0.13% for the period from 2013 to 2018.

It is important to note the context of this research: i) there is a positive relationship between digitalization variables and economic growth; ii) a
greater effect is observed in countries with high levels of economic progress, linked to variables such as human capital, exports, foreign direct
investment and public investment (Pradhan et al., 2018); iii) the use of individual telecommunications variables or composite digitalization
indices has become popular (CMD, 2024; ITU, 2024a; MiloSevi¢ et al., 2018); and iv) the analyses are intended for countries. This paper goes
a step further by constructing a robust digitalization index for the 32 states of Mexico for the period 2015-2023. This index includes
socioeconomic variables, ICT assets in homes and ICT skills, in line with international digital development indices (EC, 2024; ITU, 2024b; Jyoti
and Singh, 2023; Katz, 2009).
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The main objective of the research is to measure the impact of a Digital Economy and Society Index (DESI) on Mexico's economic growth.
Dynamic panel regression models are employed, and the impact of digitalization is differentiated according to the states’ economic levels.

The paper is structured as follows: the second section details the conceptual aspects of the relationship between economic growth and
technical progress related to digitalization. It then discusses the use of digitalization variables and indices in relation to economic growth. The
fourth section details methodological aspects of the DESI and the econometric model specifications. The fifth section presents the econometric
modeling and results. This is followed by a discussion and implications. The final section contains the conclusions and annexes.

2. ECONOMIC GROWTH AND THE DIGITAL ECONOMY: CONCEPTUAL ASPECTS

Schumpeter (1942) was one of the first to recognize innovation and investment in knowledge and technical progress as sources of economic
growth and industrial transformation, capable of maintaining and reproducing the capitalist system. Meanwhile, neoclassical economic theory
(Solow, 1956; Swan, 1956) assumes that economic growth is explained by improvements in productivity and technology rather than directly by
the accumulation of physical or human capital. Endogenous growth theorists (Aghion and Howitt, 1998 and 2008) argue that technical progress
can boost economic growth through innovation and knowledge, thus overcoming diminishing returns on capital.

The works of Katz and Koutroumpis (2013)2 and Pradhan et al. (2014) posit that technological or telecommunications infrastructure variables
embody technical progress and generate increasing returns to scale. Technological progress, digitalization, and the Internet are embodied in
countless commercial activities, streamlining government services and connecting suppliers with consumers of goods and services. Tapscott
(1996) defines the digital economy as a combination of networks, knowledge, intelligence and creativity for creating wealth and social
development. In the opinion of Kling and Lamb (2000, p. 17), “it focuses on goods and services whose development, production, sale or
provision depend critically on digital technologies [...]". The OECD (2020), meanwhile, defines it as involving technologies, digital infrastructure,
digital services and data used by three main agents: producers, consumers and the government. Meanwhile, Bukht and Heeks (2017) speak of
a digital economy ecosystem that connects individuals, businesses, devices and society as a whole.

Therefore, the concept of the digital economy encompasses aspects of technological infrastructure, the market and organization. However, it is
worth mentioning that it was difficult to measure for many years. Solow (1987, p. 2) coined the phrase, “The computer age is visible
everywhere, except in the productivity statistics,” as investments in computers, telephones and technological devices were not reflected in
productivity and income statistics.

Therefore, most of the existing literature measures causal relationships between telecommunications variables or digitalization indices to relate
them to economic performance, relying largely on official statistics from the World Bank, the World Economic Forum, the International
Telecommunication Union (ITU) and the European Commission (EC). In fewer cases, national data is used (Chen and Kimura, 2019;
Hanafizadeh et al., 2009; Jyoti and Singh, 2023). Based on this premise, studies analyzing the relationship between digitalization variables and
economic growth were reviewed.

3. REVIEW OF THE LITERATURE ON THE RELATIONSHIP BETWEEN DIGITALIZATION AND ECONOMIC GROWTH

Globally, models have been documented using individual variables of digitalization and economic growth: i) the number of fixed telephone lines
or teledensity (Datta and Agarwal, 2004; Norton, 1992); ii) Jacobsen (2003) and Minges (2000) considered the number of personal computers
and the number of telephones, highlighting income, level of education, employment and geographic location as key factors in society and the
economy; iii) the WB (Qiang et al, 2009) used broadband internet connection, mobile phone use and mobile internet connectivity,
respectively; iv) Fernandez-Portillo et al. (2020) used internet use and ICT-mediated activity variables (reading digital newspapers, e-commerce
and use of e-government).

Digitalization indices are created to measure inequalities or gaps, with a view to transitioning toward the construction of information societies
(Tello, 2008). The ITU's Digital Development Index (2024b) shows Mexico above the global average (80.7 versus 74.8). The European Digital

Economy and Society Index (EC, 2022)§ highlights the leadership of the Nordic countries and the United Kingdom.

Similarly, some studies validate the positive effect of digitalization on economic growth in Latin American countries. Alderete (2017) found that a
1% increase in the number of broadband internet connections would increase average GDP by 0.184%; Zaballos and Lépez-Rivas (2012)
found that a 1% increase in fixed broadband penetration increased GDP by 0.32% in countries in Latin America and the Caribbean (LAC)
between 2003 and 2009. Brenes-Gonzalez (2023) found that a 1% increase in households connected to the internet increased productivity by
0.04% in Nicaragua from 2000 to 2020. Only Quiroga-Parra et al. (2017) validated the negative association between low technological
penetration and economic backwardness.



The study by Farhadi et al. (2013), covering the period 1995 to 2009, used a digitalization index composed of ICTs in developed countries. The
results showed that GDP increased by 0.15% for every 1% increase in the index. Using a digitalization index, Katz and Koutroumpis (2013)
found a 0.06% increase in GDP for each percentage point of the index in a sample of 184 countries for the period 2004-2010. Hanafizadeh et
al. (2009) used a composite ICT digitalization index for 150 countries, grouped by level of ICT development and validated the leadership of
Nordic countries and the lagging of African countries. Meanwhile, the index developed by Gerpott and Ahmadi (2015) found a greater effect of
broadband and mobile telephony variables on aggregate output and development.

Regarding Mexico, cross-sectional studies and studies on the digital divide predominate (Escobar and Samano, 2018; Martinez-Dominguez
and Mora-Rivera, 2020; Rodriguez, 2019; Rodriguez et al., 2024) within a heterogeneous regional context (CMD, 2024). There has been
persistent progress in states in the center and north of the country, such as Mexico City, Nuevo Ledn and Baja California, while states in the
south and southeast, such as Chiapas, Guerrero and Oaxaca, have fallen behind. This is evident in the DESI calculated for Mexico (see
annexes 1, 2 and 3), which shows a structural digital lag in southeastern Mexico.

These studies are linked to this paper through the selected units of analysis (households or ICT users), the sample and the relationship
between economic growth and digitalization variables.

In view of the above, the proposal of this paper is based on the following: i) the DESI developed by the EC (2022), which focuses on measuring
the digital progress of its member countries and guiding policies and strategies for digital transformation and economic growth; ij) the Digital
Development Index of the ITU (2024b); and the index developed by Farhadi et al. (2013), who use this index as a proxy for ICT development in
econometric modeling. For Mexico, the DESI proposal reveals the digital evolution of its 32 states and highlights the importance of addressing
the level of digitalization (economic and social) at the state level and in public policy on digital matters.

Here, digitalization will be defined as the level of ICT development, estimated by the socioeconomic status of households, the availability of ICT
assets and digital skills for specialized internet use. The inclusion of socioeconomic variables is justified by the existence of economic and
social inequalities between states, such as poverty, informal employment and low levels of education, among others. The methodological
aspects for constructing the DESI are described below.

4. METHODOLOGICAL ASPECTS AND DATA USED

In methodological terms, using ICT variables to construct indices is a useful tool when considering a larger amount of information and
robustness. The main input for this paper was the processing of microdata from the National Survey on the Availability and Use of

Telecommunications in Households (ENDUTIH by its Spanish initials) from 2015 to 20234 (INEGI, 2015 to 2023), from questionnaires on
dwellings, households and users. With the exception of 2019,2 the sample is representative at the national and state levels and is comparable
for both households and users.8 Additionally, there is no significant variation between the statistics of some telecommunications variables

published by the OECD at the country level and the ENDUTIH statistics.Z

Unlike the methodologies tested in other studies, such as those of Farhadi et al. (2013) (eight indicators in three categories: access, use and
education and skills indicators), ITU (2024b) (14 indicators in three categories: access, use and skills), Katz and Koutroumpis (2013) (16
indicators in six components related to affordability, ICT infrastructure, use and human capital) or the aforementioned DESI for European
countries, the selection of socioeconomic and ICT variables (access, use and skills) reflects the use of ENDUTIH microdata and its units of
analysis (dwellings, households and users). This allows the index to be constructed over time for the 32 states.

Twenty variables were used to construct the DESI, divided into three categories: 1) housing conditions (measuring minimum conditions for
basic needs); 2) availability of ICT assets and services (approximating minimum conditions for digital inclusion); and 3) digital skills (reflecting
human capital for interacting in society and the economy). The index was calculated using a simple average, with weightings of 0.20, 0.40, and
0.40, respectively. It is important to take into account the socioeconomic aspects of households, as the index is based on the persistent
unaffordability of internet service.

Table 1 lists the variables used to construct the DESI, definitions and weightings. All variables are dichotomous and take the value 1 when the
answer is affirmative, at the household or individual level.

The data panel is supplemented by state-level added variables that influence the behavior of the interaction between ICT variables and
economic growth behavior, namely public investment, exports and foreign direct investment (Datta and Agarwal, 2004; Katz and Koutroumpis,
2013; Pradhan et al., 2018) (see Figure 1). The result was the creation of a data panel with 288 observations (32 states and nine years) and a
programming code in the Stata version 17 package.



Table 1. Socioeconomic, ICT and digital skills variables

Variable (indicator) Desaiption Weighting
Conditions of the home (housing questionnaire) 0.20
1 . No soil floor . Most of the floor of the home is not sail | 0.029
7 Drinking water Fiped water ovoilable inside the home 0.029
3 Diinage Droinoge or sewerge connected o the public netwark 0.029
4 Hactricty Hectricity ovoilable 0.029
5 Refigeraior Refrigerator available 0.029
& Washing machine Washing machine ovailoble 0.029
T Vehicle Car or SUV available 0.029
ICT assets in the home (household questionnaire) 0.40
8 - Internet - Internet cannection available in the home | 0.05
ICT assets in the home (housshold questionnaire) 0.40
9 Computer Desktop computer (keyboard, monitor and CPU are separate) or o laptop (keyboord, monitor and 0.05
CPU are physically integroted) availoble

10 Mobile phone Mabile phone (any of the members) ovailable 0.05
11 Londline phone Londline telephone ovailable (con be o fixed mobile phone) 0.05
12 Digital TV Flat screen (digital TV, LCD or LED) available 0.05
13 Tablet Tablet (virtual keyboard and pointer on the touch screen) ovailable 0.05
14 Video game console Video game console availabla 0.05
15 FoyTV Pay TV service ovailable 0.05
Digital skills (user questionnaire) 0.40
16 Mohile banking Has used online banking in the last three months. 0.08
17 Hectronic commerce Hos made online sales or purchosas in the lost 12 months (excluding work-related purchoses and 0.08

including these made for their own business).
18 Digital poyments Has made online poyments for purchoses or services in the lost 12 months. 0.08

19 Hactronic government Has carried out any of the following activifies in the lost 12 months: has communicated with the 0.08
government, consulted government information, downlooded government forms, hos carried out
government procedures or interacted with the government in some other way.

20 Onling edvantion Has used the internet in the lost three manths for any of the following activities: job training, taking 0.08
courses o supplement education, tuking tutorials on o topic of interest or other types of training.

Total 1.00

Note: The skills secfion reports the definition of ENDUTIH 2023. Compared to 2015, there are some differsnces in the content of the instrument:
Mobile banking: in 2015, users were asked whether they had carried out online banking transactions in the last 12 months. E-commerce: in
2015, users were osked if they hod ordered or bought products or made purchases online (including those for their own business and excluding
those for their work) in the last 12 months. Digitcl payments: in 2015, users were asked whether they had mads payments online in the lost 12
months. E-government: in 2015, information was collected for only thres activities: interacting with the govemment, downloading government
forms ond filling out and submitting govemment forms; and Online: education: in 2015, only the option “To support education” was collected.

Source: prepared by the author based on ENDUTIH dota from 2015 1o 2023.

Figure 1. ICT and regional variables influencing economic state growth, 2015-2023
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Notes: DESIMEX (Digital Economy and Society Index of Mexico); the dependent variable is real GDP in millions of pesos (for convenience, GDP). Boxes 1, 2 and 3 list
the variables used to construct the DESI: housing conditions, ICT availability and digital skills. The economic variables are listed in the lower right-hand corner.
GFCF: gross fixed capital formation (millions of pesos) or public investment; EXP: exports (millions of USD); FDI: Foreign Direct Investment (millions of USD);
individual ICT variables: internet user inside or outside the home in the last three months (IU), mobile phone user (MU), internet service at home (IS) and
computer at home (DC) and the DESI (DESIMEX).

Source: prepared by the author using the Mermaid tool (2025) and information from ENDUTIH-INEGI (2015 to 2022; 2023b),

INEGI (2023c, 2023d, 2023e) and the Ministry of the Economy (2023).

States were classified as having high or low GDP, based on real GDP per capita in 2023 (see Annex 4), was made to measure the
differentiated effect of digitalization variables on economic growth (Abramovitz, 1986; Diaz et al., 2016; Singh and Kumari, 2023) or what
Koutroumpis (2009) refers to as network externalities, in the sense of a non-linear effect of ICTs on growth, resulting in higher than proportional
returns when certain levels of critical mass are reached. The values of aggregate variables in each groups of states (see Annex 5) reflect the

different stages of economic and digital development. For instance, the variable of internet use is presented as an initial phase, while variables

such as computer availability in the home or the DESI variable indicate a higher level, related to specialized internet use. 19

5. ECONOMETRIC MODELING AND RESULTS

Due to the non-contemporary relationship between digitalization variables and economic growth, dynamic panel models are proposed. As a
result of the structure of the data and the context of the analysis (states within a country rather than countries), two regression techniques could
be tested: first, the GMM difference method (Arellano and Bond, 1991) and, second, the GMM system method (Blundell and Bond, 1998;
Roodman, 2009). The first model eliminates unobserved fixed effects and uses lags of the endogenous and exogenous variables as
instruments to eliminate endogeneity issues (Ruiz-Porras, 2012). Both types of models adjust aspects of panel data, serial correlation,
heteroscedasticity and endogeneity.

The GMM system model allows us to overcome the shortcomings of the traditional Arellano and Bond (1991) model. One such case is when
the instruments are weak or invalid. In this case, the GMM system model can combine variables in levels and differences to solve the problem
of potentially endogenous explanatory variables and overcome heteroscedasticity problems through more robust estimates.

For convenience, all variables were transformed into logarithms to facilitate the analysis and interpretation of results in terms of elasticities and
isolate the instantaneous effect of each independent variable on the dependent variable. The canonical dynamic panel regression model in
levels is as follows:

Yie = @Y1+ BiKie +Nitg 1)

Where:

i = represents the states (32 states);

t = the years (2015 to 2023);

a = coefficient that measures the persistent effect of the dependent variable;
Y;+ = is the dependent variable for unit i at time ¢,



Y; +.1 = lagged dependent variable;

X; = vector of independent variables (explanatory variables, the DESI, individual ICTs and aggregate ICTs);
Bi = Vector of coefficients associated with the variables;

n; = Specific unobserved effects of unit i;

&; = ldiosyncratic error.

Due to the reduced number of periods and the relatively small number of groups, the model type with exogenous independent variables was
not used, i.e., lag operators were not used for these variables in order to have greater control over the number of instruments (Mileva, 2007).
Previously, the procedure was carried out to validate the panel data model as the best model specification, i.e., the Breusch-Pagan Lagrange
Multiplier (BPLM) test was run to determine the presence of a panel effect. In all three cases, the null hypothesis was rejected (see Table 2).

Table 2. Validation of panel model specification

Compared models Jest (i Prob>Chi?  Decision

FE vs. RE (all states) BPLM test 521.66 0.00 Panel effect
FE vs. RE (states with high GDP) ~ BPUM fest ~ 257.24 0.00 Panel effect

FE vs. RE (stotes with low GDP) BPIM test 283.34 0.00 Pane] effect
Notes: FE, fixed effects models: RE: random effects models.

Source: own estimates.

Six regressions are run using dynamic panel specifications. The first three use dynamic models of the differenced GMM estimators type are
run, which are particularly useful when there are many groups and few periods and when exogenous, predetermined, and/or endogenous
independent variables can be included (Labra and Torrecillas Bautista, 2018). The remaining three use dynamic GMM system models were run
in order to reaffirm the results and use more variables as instruments (Roodman, 2009).

The technique developed by Arellano and Bond (1991) addresses endogeneity and multicollinearity problems through the use of instrumental
variables.

The functional form of the dynamic model of the GMM system to eliminate individual effects (h i) is as follows:
Ayi = adyge—y + AKX + &y (2)
To obtain differentiated results in the coefficients for each sample (all states, states with high GDP and states with low GDP) and based on

references in the literature (Farhadi et al., 2013; Gerpott and Ahmadi, 2015; Jyoti and Singh, 2023), we analyze the DESI index variable and
the four individual TIC variables simultaneously.

Substituting the variables, the regression is as follows:
GDR‘,I = Ctg + CKGDPM_l + 'BIDESII:‘L —I'_ I82IUI,C + .I83MUE-,E

+ BaSliy + BsDCiy + Bel Py + B EXPy,
+ ByFDI,, +d_2020+¢,,

@)

Where:

GDP; t = Dependent variable. Real GDP at 2013 prices.
aGDP; 1 4 = Term representing the memory effect or dependence on the past.

DESI = Digital Economy and Society Index, composed of 20 variables in three categories.



IU = Internet user, at least once in the last three months (user questionnaire).

MU = Mobile phone user, at least once in the last three months (user questionnaire).

S/ = Internet connection at home (household questionnaire).

DC = Home computer, desktop or laptop (household questionnaire).

IP = Public investment or gross fixed capital formation. In Mexican pesos.

EXP = Value of merchandise exports, resulting from Mexico's trade with the rest of the world. In USD.
FDI = Foreign Direct Investment flows at the end of each year. In USD.

d_2020 = Allows us to capture the effect of the fall in GDP due to the Covid-19 pandemic.

ap = Constant. A value is obtained for each of the three samples used.
€;+ = Error term representing the unexplained variability in the model.

A positive effect is expected for all explanatory variables. Subindex i considers the 32 states in the first two regressions; 16 states with high
GDP in the next two regressions; and 16 states with low GDP in the last two regressions.

The GMM system model allows moment conditions to be added at different levels. In general, this model is ideal because: 1) it allows two
estimators to be calculated, the GMM difference estimator and the augmented estimator or GMM system (Bond, 2002); 2) more efficient
estimators are achieved in two stages than in one stage and it allows for finite sample correction of the two-step covariance matrix (Windmeijer,
2005), achieving reliable and robust estimators; and 3) it eliminates the problem of instrument proliferation.

The expressions of the two equations of the GMM system panel data model are:

Yie = @+ ¥Yie + Bxip + viy (in levels) (4)

Ayip = @ + yAyie- + Bdx;, + dvy, (in differences) (5)
Similarly, when substituting the variables in the model, the equation expression reads as follows:

GDP"“-_ = ﬂ:' ¥+ GDPI'.f.—i % ﬁiDES'II.E. + ﬁzIUEJt + ﬁSMUI'.“

6
+ BaSl  +sDC; + Bl Py + BEXPy + BeFDI + Bod_2020 + ¢4, ©)

After substituting the variables and specifying the GMM system panel data model (Roodman, 2009),ﬂ the equation was run in Stata software.
The results of both specifications are presented in Table 3.

6. DISCUSSION AND IMPLICATIONS

Dynamic panel econometric modeling is ideal for overcoming problems of endogeneity, multicollinearity and serial correlation in samples with
many cross sections and few periods. The effect that the DESI would have on economic growth in Mexico is tested.

The main finding of the model is the explanatory power of the DESI on economic growth. Considering all states, a 1% increase in this index
boosts national GDP by 0.054%-0.058% (ceteris paribus); a similar effect to the 0.064% found by Rabanal (2024), who used the percentage of
households with an internet connection and the 0.06% found by Katz and Koutroumpis (2013), who used a digitalization index. For the group of
states with high GDP, the effect of the DESI is more than double, at 0.134%. This value is slightly higher than the WB estimate for developed
countries (Qiang et al., 2009) of 0.121%, which uses broadband internet connectivity as a variable, slightly lower than Alderete’s (2017)
estimate of 0.184% and similar to the value found by Farhadi et al. (2013) of 0.15%. The results also align with Singh and Kumari’s (2023)
findings of only positive effects of telecommunications variables in the group of rich countries, with an increase in GDP of 0.08% and 0.06%,
using variables such as landline telephone subscriptions and internet users, respectively.



Table 3. Estimaiion of the impaci of digitalization variables on economic growth using dynamic panel models, 2015-2023

GMM Differences GMM system
Variable / Group of states Al With high GDP With low GOP Al With high GOP With low GDP
L.GDP 0.103*** 0129+ 007" 0.50g*** 0.649%** 0.377%**
[0.0273] [-0.0425] [0.0295] [-0.0541] [-0.118] [F0.117]
DESI 0.0583** 0.134% 00518 0.0538** 0.136 0.0206
[0.0252] [-0.0528] [0.0337] [-0.0254] [-0.0852] [-0.0639]
Infernet users 0.046 0.140* 0.0193 00107 .15 -0.00503
[0.0349] [0.0799] [0.042] [0.037] [-0.28] [0.212]
Mobile phone users 0.264** -0.484* 0.221 -0.00575 0.26 (L0342
[0.058] [0.195] [0.162] [0.106] [0.503] [0.239]
Infernet service -0.0224 0.0529 -0.0252 -.0303 -0.0212 -.0662*
[-0.0283] [0.0463] [0.0413] [0.021] [-0.0518] [0.0369]
Computer in the home -0.0344 0135 -0.0318 0.123%* 0.0154 0.233%*
[-0.0352] [0.0689] [0.0442] [-0.0574] [-0.0931] [0.0943]
Public investment 0.00908*** 0.0700%** 0.00772** 0.0152*** 0.0774%** 0.00881***
[0.00269] [0.0011] [0.00328] [0.00321] [-0.00184] [-0.00289]
Exports 0.0629%** 0.0103 D.0660%** 0.0214** 0.019 0.0585***
[0.0165] [00144] [0.0148] [0.00648] [0.0141] [0.0159]
FoI -0.000434 -0.00152 -0.000252 0.00144 -0.00125 0.00101
[-0.00178] [0.00263] [0.00189] [0.00164] [-0.00351] [-0.00229]
d_2020 00627+ -0.0686%+* D.067§++* -0.0909*+* 0.0961** 0.084 3+
[-0.0035] [0.00446] [0.00289] [-0.00378] [-0.00932] [-0.0108]
Constant 12.13%% 12.83%% 11.65%** 5.706%** 3.819 71.029%**
[0.453] [0.78] [0.713] [0.8%6] [-2.354] [-1.886]
Observations 224 12 112 124 112 12
Wald 1001.41 1428.82 1586.56 29643 1479.82 375.12
Gioups /Instuments 27 16/17 1617 32/24 16/24 /16
Sargan fest 0.0002 0.0241 0.0500 0.018% 0.5201 0.7075
AR(T) 0.4367 0.7040 00378 0.0040 0.0134 0.0250
AR(Z) 0.3151 07926 0.3189 0.7410 0.6345 0.8117

Notes: standard deviation values in brackets.

Source: prepared by the outhor.

In states with low GDP, the DESI has no effect on economic growth. This is consistent with the argument that a critical mass is needed to take
advantage of digitalization (Koutroumpis, 2009; Mariscal, 2022). The mobile phone user variable confirms that Mexico has surpassed a certain
stage of development as there is a negative effect on economic growth, especially among rich states, although the provision of quality services
and non-concentrated market structures remain pending (Mariscal, 2022).

Interestingly, the effect of the computer availability variable is positive for the dynamic system model specifications and that the effect is greater
among poor states. A 1% increase in the DESI increases GDP by 0.233%. This latter result contrasts with that of Jacobsen (2003), who found a
positive effect of personal computers in developed countries from 1990 to 1999, but not in developing countries. Jacobsen considered personal



computers to be necessary goods in developed countries and luxury goods in developing countries. The idea that computers are non-essential
goods is consistent with the percentage of Mexican households with computers, which fell from 44.9% to 43.8% between 2015 and 2023

(INEGI 2015 and 2023). This result appears to contradict the effect of the COVID-19 pandemic on the intensive use of the internet, technology

and electronic devices.12

Another noteworthy item is the effect of aggregate variables on economic growth. An increase in public investment invariably has a positive
effect on economic performance, especially for states with a high GDP compared to those with a low GDP. Regarding exports, this effect only
applies to rich states, where a 1% increase in public investment raises GDP by 0.063% to 0.066%, consistent with the industrial, manufacturing
and export profile of these states. The null effect in states with a low GDP indicates the pattern of economic growth and historical growth
strategy, focused on foreign trade and investment, as opposed to the lagging states in the south-southeast.

Regarding the validity of the models, first, Wald's statistics indicate that the coefficients of the explanatory variables in the model are statistically
significant overall, i.e., they impact GDP behavior (a weak argument since it indicates that at least one of the coefficients has a value different
from zero). Secondly, the number of instruments must be less than the number of groups. Only models with the entire sample meet this
condition and the data panel used negatively influences it. Dividing the sample into two automatically reduces the number of groups.
Furthermore, it is not appropriate to validate the Sargan test in this type of model since the use of instruments causes over-identification of the

model 12 Thirdly, the goal is to ensure that there is no second-order serial correlation in the residuals (AR 2). The null hypothesis that there is
no autocorrelation was not rejected in all specifications so the models are valid.

The results of the econometric modeling reveal the possible path to be followed by public policymakers in terms of telecommunications
investments and sector promotion. For low-income states, the greatest multiplier effect would come from increasing the availability of
computers (in excess of those documented in literature), public investment and exports. For high-income states, digitalization would generate
greater economic dividends in terms of aggregate income, employment and industrial development- For economically lagging states, the most
pressing strategy would be to invest in physical infrastructure and connectivity (means of transport) and encourage productive vocations in the
service sector.

7. CONCLUSIONS

A data panel was constructed for Mexico, broken down by state from 2015 to 2023. This allowed us to investigate the causal relationship
between an economic and social digitalization index and economic growth. A positive and statistically significant effect was validated: a 1%
increase in the DESI boosts total GDP by 0.058%. This effect doubles when considering the sample of states with high GDP, reaching 0.134%.
Consistent with the reviewed literature, relating economic growth to digitalization using information from households or individuals as the unit of
analysis is feasible. Likewise, the findings confirm and suggest the following: i) the leadership of states with greater economic progress and the
potential use of digitalization as an industrial policy instrument; ii) the close relationship between economic performance, digitalization and
human capital; and iii) the validation of stylized facts on the positive and differentiated impact of digitalization variables on economic growth;
and iv) the importance of focusing on the issue of digital skills to maximize the potential of connectivity, provided there are institutional
capacities, physical and technological infrastructure and market regulation.

Based on a review of the literature and studies conducted for Mexico, this research is novel in the following ways: i) it measures and analyzes a
digital economy and society index over time for the 32 states. This is commonly carried out for groups of countries by international
organizations (ITU, 2024b; EC, 2022). In Mexico most studies using ICT-related indices are cross-sectional (Escobar and Samano, 2018;
Martinez-Dominguez and Mora-Rivera, 2020; Rodriguez, 2019); ii) it empirically validates the impact of a digitalization index on economic
growth. It does so using microeconomic and secondary source information. It differentiates the effect according to the economic level of the
states, unlike studies that use individual ICT variables (Figueroa Hernandez et al., 2021; Gonzalez, 2020; Rabanal, 2024); and iiij) positioning
the close relationship between ICTs and economic growth as an area with real potential to boost the national economy.

It should be noted that this study had two limitations: the lack of information on household income or expenditure, which was unavailable in the
ENDUTIH and the absence of human capital variables such as tertiary education, investment in science and technology and productivity. It is
important to note that the analysis was carried out during a period of economic slowdown, when the average annual growth rate of real GDP
was 0.28% and real GDP per capita was -1%. These elements should be considered when designing an ambitious and long-term digital
industrial policy. There is still room for further analysis of the digitalization process in Mexico at the regional or territorial level, taking into
account productive, scientific and resource allocation vocations. This research therefore opens the door for future research on the impact of the
digital economy in the economic and social spheres.



connectivity, increasing the development of freely accessible content and promoting collaboration between private entities and the government.
A new public policy on digital matters must be developed that focuses on the digital economy and responds to the challenges of a hyper-
Annex 1. Breakdown of DESI, by federal state, 2015

Clearly, the reduction in spending on fixed internet connectivity and computers in Mexican households is due to the economic situation and the
economic slowdown. Therefore, any strategy to promote connectivity in the digital age must involve designing subsidy programs for

connected society.
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Note: A of O: Area of opportunity
Source: prepared by the author.

Annex 3. Comparison of DESI by federal state, 2015 and 2023
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Annex 4. States by economic level, 2023

bigh GOP Low GOP
Federal state Real GDP Real GDP Federal state Real GOP Real GOP

per capita (millions of per capita (millions of

(thousands of pesos) (thousands of pesos)
pesos) pesos)
Compeche 466.1 44289 Quintana Roo 159.1 321 34
Mexico City s 3 481 043 Singloa 159.0 499 562
Nuevo Ledn 3.0 1866 999 Durango 155.0 294 354
Cochuilo 270.2 896 051 Yucatdn 146.4 359 047
Tobasco 261.7 642 408 Locatecos 130.5 219 409
Sonora 48.7 766 319 Michoacin 129.1 639 506
Boja California 2213 911 445 Verocruz 126.1 1025312
(hihuohua 24 B84 885 Hidolgo 125.7 405 858
Querétaro 220.8 564 790 Morelos 1234 250 672
Aguoscalientes 203.0 306 698 Estado de 122.6 2144 366
México

Julisco 199.3 1741 264 Nayarit 122.6 158 493
Tomaulipas 198.5 731 448 Puchla 114.0 787 119
Boja Califomia 192.1 164 738 Tlaxcalo 100.5 141901
Sur
Colima 190.7 144 401 Doxaca 94.9 405 915
Son Lis Potosi 173.3 507 977 Guemero B2.8 298 486
Guanajuato 167.5 10759277 Chiapas 61.7 366 896

Source: prepured h?' Tl'IE I]LIH'IUI'.



Annex 5. Average values for economic and ICT variables for the period 201510 2023

Variables Total High GDP Low GDP
Real GDP (millions of pesos) 133 695.7 945 966.8 521 424.4
Real GDP per capitn (thousands of pesos) 193.9 2602 121.6
Intemet users 66.4 738 63.0
Mobile phone users 78.1 82.3 LY
Households with intemet 56.7 6.9 49.4
Households with computers 36.1 43.0 331
DES| Mexico 4.9 45.31 38.5
Real public investment (millions of pesos) 2552.4 25317 15732
Foreign Direct Investment (millions of dollars) 10494 1568.2 530.7
Exports (millions of dollars) 12 886 218058 39662

Source: prepared by the author.
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1 0one noteworthy aspect is that, although his research focused on promoting innovation as a growth strategy, the results for 2023 highlight the fact that Mexico fell in
the Gl rankings between 2015 and 2023, dropping from 57th to 58th place (WIPO, 2023).

2 Katz and Koutroumpis (2013) used the concept of digitization as a synonym for digitalization and technological progress. However, the former relates to an eminently
technical process, the conversion of physical documents or information (paper or images, for example) or analog format to digital format, without altering the original
content, while the latter refers to the use of digital technologies in processes, business models, automation, robotics or, ultimately, in the use of Artificial Intelligence (Al)
in production, educational or government management processes, to name a few.

2 The EC has been compiling the Digital Economy and Society Index (DESI) since 2014, considering four categories in 31 indicators: human capital (7), connectivity
(8), digital technology integration (11) and digitalization of public services (5), with the aim of better understanding the phenomenon of digitalization, the progress and

lag of European countries over time and guiding policies and strategies that promote the digital and economic transformation of the region.

4 The selection of the sample by age groups depends on the analysis to be carried out. For example, Lera-Lopez et al. (2021) select people over the age of 25 when
associating internet use with the average number of years of schooling; Lera-Lopez et al. (2009) select people over the age of 16.

2 The values for 2019 were estimated using interpolation, which did not alter the trend of the indicators used.



8 Years prior to 2015 were not used in the survey because they are not comparable (INEGI, 2015 to 2023), in addition to changes in the definitions and nomenclature
of the variables.

L Atthe country level, the indicator par excellence as a baseline for technological infrastructure is the number of fixed broadband Internet subscriptions. The ITU
reported 26.64 million for Mexico in 2023 (ITU, 2024a), while the number of households with fixed Internet connectivity in the ENDUTIH was 26.15 million.

g By 2023 (INEGI, 2023b), 58.1% of households cited economic factors as the main reason for not having internet access, followed by lack of interest and not knowing
how to use it (24.7% and 8.9%, respectively).

270 gauge the differences, it was found that, when comparing the years 2015 and 2023, the GDP per capita of the richest state was 11.3 and 7.6 times, respectively,
that of the state with the least progress. In the case of DESI, the ratio remained at 1.7 times (considering that the DESI scale is smaller).

B For Ragnedda (2019), these variables would fall between the second and third phases of the digital divide.

1 Also known as the GMM system estimator model (Arellano and Bover, 1995), which assumes that there is no autocorrelation in idiosyncratic errors and requires that
panel-level effects are not correlated with the first difference of the first observation of the dependent variable. In practical terms, the xtdpdsys command was run in
Stata with: 7) the inclusion of the lagged dependent variable as a regressor; 2) the use of a lag as a covariate or instrument for the dependent

variable, lags(1) maxidep(1); 3) the twostep instruction to account for the GMM system to limit the proliferation of instruments; and 4) the inclusion of artests(2) to test
for first-order and second-order serial autocorrelation in the errors in differences of the estimated model. Finally, xtdpdsys is an extension of the xtabond model
specification.

12 O the one hand, it led to a trend toward the widespread use of technology (in schools, at work, in new business models and occupations) and, on the other,
economic pressure on households caused by the economic slowdown, rising inflation and reduced income.

ﬁAccording to the literature (Roodman, 2009), validating whether or not instruments are overidentified in the dynamic model using the xtabond2 command in Stata is
recommended. This command runs the Hansen test, which allows the overidentification restriction to be validated (a Chi2 p-value above 0.05 validates the use of the
instruments).



