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Abstract: This work presents an in-depth evaluation of the telecommunications landscape in Mexico
from 2015 to 2023. The study’s primary focus is on the disparities in broadband access, telecommuni-
cations infrastructure, and digital inclusion across various regions, particularly between urban and
rural areas. By employing predictive models and correlation analysis, the paper identifies key factors
influencing technology adoption and service bundling in households. A significant contribution of
this research lies in its identification of strong correlations between broadband access, GDP growth,
and the penetration of multiple telecommunication services such as fixed telephony, broadband
internet, and television. The predictive models developed offer crucial insights into the regional
inequalities of digital access, revealing patterns that policymakers can use to prioritize infrastructure
investments. The findings underscore the essential role of public policy innovation in promoting
digital inclusion, particularly in underdeveloped regions, and provide a robust analytical frame-
work for understanding how advanced telecommunications services contribute to socio-economic
development. Through this analytical approach, the study demonstrates the critical relationship
between telecommunications infrastructure and regional economic performance, offering data-driven
recommendations to bridge the digital divide and enhance connectivity in underserved areas. The
results offer significant value for future research and policy initiatives aimed at fostering equitable
access to Information and communication technologies, promoting economic growth, and ensuring
broader societal inclusion in the digital age.

Keywords: digital divide; 5G deployment; telecommunications infrastructure; public policy innovation

1. Introduction

The intersection of telecommunications, technological infrastructure, and digital inclu-
sion has become increasingly important in the context of modern socio-economic develop-
ment. Telecommunications services, such as broadband access, fixed telephony, and digital
television, are essential drivers of connectivity, enabling greater access to information, edu-
cation, and economic opportunities [1]. In countries like Mexico, where regional disparities
often affect the availability and quality of these services, the concept of the “digital divide”
emerges as a critical challenge that needs to be addressed [2]. The digital divide represents
the gap between those with access to modern information and communication technologies
(ICTs) and those without, significantly impacting economic growth and societal equality.
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The growing significance of broadband access as a fundamental utility has been
widely recognized, particularly in terms of its impact on economic development and social
inclusion [3]. Access to high-speed internet is crucial for enhancing productivity, facili-
tating access to education, and enabling efficient service delivery across various sectors,
including healthcare and government services. Recent studies emphasize that regions
with greater broadband penetration exhibit higher levels of economic activity, suggesting
a positive feedback loop between connectivity and growth [4]. In the context of Mexico,
broadband penetration varies significantly between urban and rural areas, highlighting
existing regional inequalities. This disparity underlines the importance of targeted in-
vestment in broadband infrastructure to enhance economic opportunities, particularly in
underserved areas.

To tackle this issue effectively, predictive models are used to analyze patterns of
technology adoption and service bundling across different regions. These models help
identify areas where gaps exist, thus informing public policies that can target investment in
infrastructure and promote equitable access [5]. Understanding the relationships between
broadband penetration, technology adoption, and economic indicators is crucial for de-
veloping strategic initiatives that support digital inclusion and promote socio-economic
progress [6].

Figure 1 presents a detailed representation of the critical elements in telecommunica-
tions and their interrelationships. At the center, the concept of “Telecommunications and
Digital Divide” is introduced, branching into four major areas: broadband access, digital
inclusion, telecommunications infrastructure, and public policy. Each area is further subdi-
vided to show specific components. For example, broadband access is split into fixed and
mobile broadband, with a focus on the disparities between urban and rural regions. Digital
inclusion emphasizes its impact on education, economic development, and social inclusion,
highlighting how these factors contribute to bridging the digital divide. Telecommunica-
tions infrastructure is depicted through elements such as fiber optics, service bundling, and
predictive models, which are crucial for understanding consumer behavior and promoting
technological adoption. Public policy focuses on investment in infrastructure, targeted
broadband policies, and strategies to reduce the digital divide, showing how government
actions play a vital role in shaping the telecommunications landscape. The diagram also
reflects the influence of external factors, such as the COVID-19 pandemic, on technological
adoption and consumer behavior.

Figure 1. Key concepts in telecommunications, digital inclusion, and public policy, highlighting the
relationships between broadband access, infrastructure, and technological adoption.
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The evolution toward 6G promises transformative changes in telecommunications
by amplifying connectivity speeds, reducing latency, and supporting unprecedented data
volumes. As this shift progresses, 6G is anticipated to drive critical advancements in aug-
mented reality, autonomous systems, and artificial intelligence integration, each demanding
more sophisticated network capabilities than currently available. This next-generation
network will also expand the potential of IoT ecosystems, enabling billions of devices to
communicate seamlessly and in real time. The implications of 6G for Mexico are particu-
larly significant, as this technology has the potential to bridge existing connectivity gaps,
offering high-speed internet access even in remote areas that 4G and 5G infrastructures
struggle to reach. With thoughtful planning, the rollout of 6G could be a critical component
in bridging the digital divide, empowering underserved regions with enhanced access to
education, healthcare, and economic resources [7].

Furthermore, 6G is expected to transform digital inclusivity through improved spec-
trum utilization and innovative networking paradigms. Emerging concepts, such as recon-
figurable intelligent surfaces and terahertz communications, will become integral to the
6G infrastructure, making connectivity more adaptable to user density and environmental
factors. For Mexico, this means that areas with high population density or challenging
geographies could benefit from a more reliable and versatile network, particularly valuable
for urban and rural connectivity alike [8]. As telecommunications policy evolves, the
strategic integration of 6G could catalyze economic growth, foster technological innova-
tion, and create a more inclusive digital society, making Mexico a key player in the global
digital economy.

This work provides a thorough and insightful analysis, especially in its development
of predictive models to understand variables impacting broadband access, computer equip-
ment, and service bundling. While the concern about potential overfitting due to high
correlation among these variables is valid, our approach demonstrates careful attention to
mitigating this risk. By acknowledging the interconnections among these factors, we take
steps to address multicollinearity and refine the robustness of their model. This contributes
positively to the understanding of the digital divide, as it provides nuanced insights into
how various factors collectively influence digital access. Moreover, this detailed analysis
sets a strong foundation for further research, offering a valuable tool for policymakers
aiming to bridge the digital divide effectively.

Contribution

The study presented here analyzes the dynamics of telecommunications service adop-
tion across Mexico from 2015 to 2023, focusing on broadband access, technological infras-
tructure, and household service bundling. This research aims to evaluate the impact of
telecommunications on closing the digital divide in Mexico, a pressing issue in contem-
porary policy discussions regarding equitable access to ICT. The findings underscore the
correlations between access to modern telecommunications infrastructure, such as fiber
optic broadband, and socio-economic indicators like Gross Domestic Product (GDP) by
region. These correlations are essential to understanding the current state of the telecom-
munications landscape and its potential to bridge the digital divide, which persists in the
less-developed regions of Mexico. The analysis reveals a significant digital divide, partic-
ularly reflected by the disparity between households with bundled telecommunications
services and those with limited subscriptions. Households subscribing to multiple services
are more likely to access broadband, while those relying on a single service face limited
connectivity, underscoring an economic and infrastructural gap. This divide not only affects
internet access but also impacts the broader potential for socio-economic advancement, as
access to reliable internet is increasingly critical for educational opportunities, economic
activities, and access to government services.
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The predictive models used in this study contribute directly to informing public policy
aimed at closing the digital divide. By identifying regions where technological adoption
remains low, the models help policymakers prioritize investments in infrastructure, partic-
ularly fiber optics, which shows moderate yet growing importance in the more connected
areas [9]. Furthermore, the correlation between broadband adoption and multiple service
bundles provides insights into consumer behavior, highlighting the potential of bundling
strategies as an effective policy tool to encourage technology adoption. This research
highlights the critical role that predictive models and robust data analysis play in shaping
public policies for telecommunications in Mexico. The findings emphasize the importance
of targeted investments in infrastructure, promoting service bundling as a means to en-
hance broadband adoption, and ultimately addressing the persistent disparities in digital
access. The conclusions drawn here are pivotal in designing effective, inclusive telecommu-
nications policies that contribute to reducing Mexico’s digital divide and ensuring equitable
access to ICTs for all citizens.

Figure 2 presents the primary barriers to telecommunications and information tech-
nology immersion in many regions. These barriers include the lack of broadband access,
which disproportionately affects rural areas, and the high costs of infrastructure, making
it difficult to expand networks in underdeveloped regions [10]. Regulatory constraints
represent policy and governmental hurdles that slow down technological adoption. Digital
literacy gaps further exacerbate the issue, as a lack of knowledge limits individuals’ ability
to use available technologies effectively. Urban–rural disparities highlight the uneven
distribution of services, where urban centers have far better connectivity compared to
rural areas. Limited investment in infrastructure, especially in less economically viable
regions, hampers progress [11]. Finally, low technological adoption in certain populations
leads to slower overall advancement, particularly when combined with the other limiting
factors. Together, these barriers create a complex challenge for achieving widespread
technological integration.

Figure 2. Key barriers to telecommunications and information technology immersion, including
lack of broadband access, high infrastructure costs, regulatory constraints, digital literacy gaps, and
urban–rural disparities.

2. Related Works

The work presented in this document focuses on the telecommunications landscape
in Mexico, particularly the digital divide, broadband penetration, and the adoption of
fiber-optic networks across different regions. We describe a summary of the most relevant
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works in Table 1. This analysis aligns with similar research efforts worldwide, where
the correlation between economic development and telecommunications infrastructure
is a pivotal focus. In [12], the authors emphasize the role of digital inclusion, identifying
economic and educational determinants that influence broadband access, particularly in the
context of the COVID-19 pandemic. Similarly, in [13], the authors investigate how Mexico’s
educational system faces challenges in bridging the digital divide, correlating regional
disparities with gaps in technology adoption. These works underline the critical importance
of internet access in enabling socio-economic development, a key theme explored in our
study, which uses predictive models to guide public policies aimed at fostering equal access
to ICT across Mexico.

Studies by Reddick et al., in [5], and Ghosh, in [4], highlight the direct link between
broadband penetration and economic growth, where regions with higher broadband access
consistently demonstrate greater economic activity. These findings are corroborated by
Gabarró et al., in [9], who propose strategic models for improving broadband connectivity
in developing regions, particularly in Latin America. These strategies include targeted
investment in fiber-optic networks and service bundling, which is reflected in the correla-
tions presented in this work. The thesis highlights the need for robust telecommunications
infrastructure, which directly influences household service bundling and regional GDP, a
relationship also explored in [14], in his seminal work on bridging the global digital divide.

Table 2 compares the digital divide and telecommunications infrastructure across Mex-
ico and other regions, emphasizing key aspects such as broadband access, socioeconomic
impact, technological adoption, and public policy. The findings reveal that broadband
access disparities, particularly between urban and rural areas, are prevalent in both Mexico
and nations like China and Southeast Asia, where fiber optic development is prioritized to
bridge digital gaps. The socioeconomic impact is also significant, as broadband penetration
correlates with regional GDP in Mexico and other areas, such as Sub-Saharan Africa, where
mobile networks drive economic development. In terms of technological adoption, both
Mexico and South Korea show a shift from cable to fiber optics, with mobile broadband
remaining crucial in rural locations, as seen in Nigeria. Lastly, targeted public policies and
investments are essential; Mexico’s emphasis on regional investment aligns with ASEAN
and Middle Eastern strategies to enhance digital inclusion and economic growth through
infrastructure development.
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Table 1. Comparison of related works in telecommunications and the digital divide.

Reference Year Key Focus Region Main Findings Service of Greatest Impact

[15] 2020 Broadband impact on economic growth Southeast
Asia

Found that broadband increases GDP growth in ASEAN countries Broadband Internet

[16] 2019 Telecom infrastructure and development Sub-Saharan
Africa

Explored the role of mobile networks in socio-economic development Mobile networks

[17] 2017 Digital divide in rural areas China Highlighted digital exclusion in rural Chinese regions due to limited
infrastructure

5G Networks

[18] 2008 ICT adoption for inclusive development India ICT adoption shown to reduce inequality in urban vs. rural education
access

ICT infrastructure

[19] 2012 Broadband expansion policy effects Latin America Examined how broadband expansion policies improved regional devel-
opment

Fiber optics

[20] 2017 Role of cloud computing in telecom Middle East Showed how cloud services support growth of telecom in the Gulf Coop-
eration Council

Cloud-based services

[21] 2017 Telecom infrastructure’s role in digital econ-
omy

South Korea Telecom infrastructure found to be a cornerstone for digital economic
transformation

High-speed Internet

[22] 2017 Mobile technologies and the digital divide Nigeria Demonstrated mobile technology’s potential to close the rural–urban
digital divide

Mobile broadband

[23] 2021 AI applications in telecom sector Global Discussed how AI integration is transforming telecom efficiency AI-driven telecom services

[24] 2018 Smart cities and telecom networks Europe Smart city development heavily reliant on robust telecom networks IoT and 5G networks

[25] 2018 Closing the digital divide in rural commu-
nities

Kenya Explored strategies for increasing broadband penetration in rural areas Satellite Internet

[26] 2010 Telecom policy and economic growth South Korea Found telecom policies directly correlate with national economic growth Fiber optics and 5G

[27] 1998 Impact of telecom investment on education
and health

Chile Showed telecom infrastructure improving access to digital education and
healthcare

Fiber and wireless networks

[28] 2024 Broadband penetration and social equity China Demonstrated how increasing broadband access reduces economic in-
equality

Broadband Internet

[29] 2022 Digital economy and telecom infrastructure China Explored how digital economy growth is directly tied to improvements
in telecom infrastructure

Fiber optics and AI-driven ser-
vices
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Table 2. Comparative analysis of telecommunications findings in Mexico and other countries.

Aspect Findings in Mexico (from the Study) Comparable Findings in Other Countries

Broadband Access Significant disparities exist between urban and
rural areas, with urban regions having more
consistent broadband access. The study empha-
sizes the role of fiber optics in reducing digital
disparities over time.

In Southeast Asia, broadband access is linked
to GDP growth, but urban–rural divides remain
prominent. Similarly, China and India report sig-
nificant urban–rural disparities affecting digital
inclusion [30,31].

Socioeconomic Impact Broadband access is correlated with regional
GDP growth in Mexico. Households with multi-
ple telecommunications services are more likely
to have broadband, highlighting economic in-
equality in access.

In Sub-Saharan Africa, mobile networks pri-
marily drive socioeconomic development, while
Latin American countries, including Brazil,
show GDP growth linked to broadband expan-
sion and service bundling [30,32].

Technological Adoption Fixed broadband and fiber optic technologies
show a correlation with multi-service adoption,
though fiber optic has yet to become dominant.
Cable modem usage is declining in favor of
higher-speed options.

Countries like South Korea and China report
a shift towards fiber optics and high-speed op-
tions, while mobile broadband remains crucial
for connectivity in rural areas of Nigeria and
Kenya [33,34].

Public Policy and Investment The study advocates targeted investment in
broadband and infrastructure in underserved
areas to bridge the digital divide and support
economic growth.

Similar recommendations are found in studies
from ASEAN and the Middle East, where pub-
lic investment in telecommunications infrastruc-
ture is tied to both economic growth and digital
inclusivity [35,36].

3. Materials and Methods

The provided data for this work contains datasets on internet connectivity for the
years 2015 to 2023, indicating structured data organized in spreadsheets with columns
for variables and rows for data entries. Each file likely includes tables with indicators on
internet connectivity, categorized by region, household characteristics, and potentially the
type of technology used, such as fiber optic, DSL, or mobile broadband. The variables may
include connectivity rates, types of internet connections, regional differences, and possi-
bly demographic factors like household size, income level, or urban/rural classification.
Specific indicators could address the percentage of the population with access to different
types of internet, along with average speed and quality metrics. Since these files span
three different years, they suggest a time-series component, allowing for trend analysis in
internet access across time, which could reveal significant shifts or improvements in digital
infrastructure. Given that the data likely cover multiple regions or states in Mexico, the
dataset is expected to be extensive in terms of rows, especially if each file contains detailed
data for each state or major municipality. These datasets are ideal for longitudinal analysis
to observe internet adoption trends, examine regional disparities, and assess the impact
of infrastructure developments over time. They also support studies in digital inclusion
and access to technology, making them valuable for shaping policy initiatives aimed at
reducing the digital divide.

This article emphasizes the significance of using logistic regression within telecommu-
nications infrastructure analysis, primarily because of its ability to predict the likelihood
of an outcome based on multiple influencing factors. Specifically, the choice of logistic
regression in the article is justified by its suitability for binary outcomes, such as classifying
states into high or low fiber optic adoption categories. This predictive capacity is valuable
for policy innovation, as it can identify regions with a higher probability of adopting ad-
vanced telecommunications infrastructure. Logistic regression is particularly fitting for this
study due to its efficiency in handling categorical target variables and its interpretability,
which enables policymakers to easily assess the effect of predictors (e.g., broadband access,
computer equipment availability, and bundled services) on fiber optic adoption. Unlike
linear regression, logistic regression accommodates the bounded nature of probabilities,
ensuring that outputs remain within a plausible range (0 to 1), which is essential for making
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accurate predictions about technology adoption likelihoods. Moreover, logistic regression
is advantageous over other models due to its relative simplicity and robustness in han-
dling multicollinearity, as indicated by the model’s use of correlation matrices to assess
relationships between telecommunications services, infrastructure variables, and digital
access. This alignment with logistic regression allows for the generation of clear, actionable
insights into how digital inclusion initiatives should be prioritized across Mexico. Thus,
logistic regression is justified as an optimal choice within the article’s framework due to its
predictive reliability, interpretability, and alignment with the binary nature of the digital
divide assessment.

In the data analyzed in this study, we have tables (from 2015 to 2023) that contain
various indicators of telecommunications service penetration and household equipment by
federal entity. Among the variables are

• Fixed telephony, fixed broadband, restricted television, analog and digital television.
• Computer equipment, radio devices.
• Distribution of services in households (none, one, two, or three services).
• Broadband connection technologies (cable modem, DSL, fiber optic, other technologies).

Table 3 shows the correlation between broadband access, telecommunications services,
and technology adoption in households. It highlights strong relationships between fixed
broadband, computer equipment, and the subscription to multiple services, while also
revealing weaker links with older technologies like cable modems. The correlation analysis
reveals strong relationships between fixed broadband access, technological infrastructure,
and the adoption of multiple services. A high correlation (0.87) between fixed broadband
and computer equipment suggests that households with greater access to technology
are more likely to adopt broadband services. Additionally, fixed broadband penetration
is significantly correlated with the subscription to multiple services, particularly two
(0.90) and three services (0.92), indicating that households bundling telecommunication
services are more likely to have broadband access. Fiber optic technology, while moderately
correlated with fixed broadband (0.68) and multiple services (0.66 for three services), shows
growing relevance in regions with more advanced infrastructure but has not yet surpassed
older technologies. In contrast, cable modem technology displays weaker correlations
with broadband (0.39) and multiple services, suggesting it is less commonly used in
areas with modern infrastructure, where fiber optic may be more prevalent. Notably,
a negative correlation (−0.32) between fixed broadband and households with only one
service highlights a digital divide, where less technologically equipped households are less
likely to have broadband access, underscoring the disparities in service availability and
technological adoption.

Table 3. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2015.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.871532 0.670018 0.677981 0.386096 −0.321212 0.903438 0.921147
Computer equipment 0.871532 1.000000 0.686050 0.591041 0.309805 −0.123736 0.847201 0.920141
Digital TV 0.670018 0.686050 1.000000 0.481157 0.232304 −0.000829 0.556294 0.739781
Fiber optic 0.677981 0.591041 0.481157 1.000000 −0.031073 −0.273230 0.576525 0.663063
Cable modem 0.386096 0.309805 0.232304 −0.031073 1.000000 0.058922 0.460581 0.246790
One service −0.321212 −0.123736 −0.000829 −0.273230 0.058922 1.000000 −0.325279 −0.183437
Two services 0.903438 0.847201 0.556294 0.576525 0.460581 −0.325279 1.000000 0.773803
Three services 0.921147 0.920141 0.739781 0.663063 0.246790 −0.183437 0.773803 1.000000
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The 2016 correlation matrix in Table 4 reveals several important insights into the
relationships between broadband access, technological infrastructure, and service adoption
in households. A strong correlation between fixed broadband and computer equipment
(0.80) highlights that households with greater access to computers are more likely to
have broadband connections. Similarly, there is a high correlation (0.91) between fixed
broadband and the subscription to three services, indicating that households bundling
multiple telecommunications services are more likely to have broadband access, reinforcing
the trend of bundled offerings. On the other hand, the correlation between fixed broadband
and fiber optic technology is moderate (0.47), suggesting that while fiber optic is associated
with advanced infrastructure, its influence is not yet dominant. Interestingly, cable modem
technology shows a much weaker correlation with broadband access (0.47) and with
other services, reflecting the declining relevance of older technologies in regions with
modern infrastructure. The inverse relationship between having only one service and fixed
broadband access (−0.72) indicates that households subscribing to fewer services are less
likely to have broadband, signaling a digital divide.

Table 4. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2016.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.801592 0.580497 0.470825 0.468374 −0.719831 0.293374 0.907377
Computer equipment 0.801592 1.000000 0.558217 0.542594 0.265385 −0.566488 0.637844 0.874621
Digital TV 0.580497 0.558217 1.000000 0.580480 0.112861 −0.392596 0.264407 0.593664
Fiber optic 0.470825 0.542594 0.580480 1.000000 −0.168171 −0.447716 0.339565 0.552365
Cable modem 0.468374 0.265385 0.112861 −0.168171 1.000000 −0.125451 0.015592 0.240801
One service −0.719831 −0.566488 −0.392596 −0.447716 −0.125451 1.000000 −0.159323 −0.714323
Two services 0.293374 0.637844 0.264407 0.339565 0.015592 −0.159323 1.000000 0.490781
Three services 0.907377 0.874621 0.593664 0.552365 0.240801 −0.714323 0.490781 1.000000

The 2017 correlation matrix in Table 5 provides insightful relationships between
broadband access, telecommunications services, and technology adoption in households. A
strong correlation between fixed broadband and computer equipment (0.87) suggests that
households with better access to technology are more likely to adopt broadband services.
Additionally, the correlation between fixed broadband and the subscription to three services
(0.88) highlights that households bundling multiple telecommunications services tend to
have a higher likelihood of fixed broadband adoption. This suggests a growing trend in
which households with more comprehensive service packages are likely to benefit from
improved access to broadband. The correlation between fixed broadband and fiber optic
technology is moderate (0.59), reflecting that while fiber optic networks are expanding,
they are not yet the dominant technology. However, the relatively low correlation between
fixed broadband and cable modem (0.44) indicates that older cable-based technologies are
less prevalent in areas with advanced broadband infrastructure, as fiber optic gradually
takes a stronger position in the market. The negative correlation between one-service
households and fixed broadband (−0.81) points to a significant digital divide. Households
with fewer service subscriptions are less likely to have broadband access, suggesting
that limited service adoption may be linked to less developed infrastructure or lower
demand for modern telecommunications services. This pattern is further reflected in the
weaker correlations between one service and other technological factors, highlighting
the divide between more connected, multi-service households and those with limited
telecommunications options.
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Table 5. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2017.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.866752 0.621493 0.586225 0.439649 −0.809909 0.465468 0.876769
Computer equipment 0.866752 1.000000 0.676989 0.520591 0.286243 −0.668284 0.700195 0.870984
Digital TV 0.621493 0.676989 1.000000 0.602120 0.156982 −0.461860 0.316392 0.619053
Fiber optic 0.586225 0.520591 0.602120 1.000000 −0.116813 −0.453221 0.146332 0.504131
Cable modem 0.439649 0.286243 0.156982 −0.116813 1.000000 −0.223287 0.346894 0.223005
One service −0.809909 −0.668284 −0.461860 −0.453221 −0.223287 1.000000 −0.283728 −0.814433
Two services 0.465468 0.700195 0.316392 0.146332 0.346894 −0.283728 1.000000 0.464148
Three services 0.876769 0.870984 0.619053 0.504131 0.223005 −0.814433 0.464148 1.000000

The 2018 correlation matrix in Table 6 highlights several key relationships between
broadband access, technology adoption, and service subscriptions. A strong correlation
between fixed broadband and computer equipment (0.87) indicates that households with
better access to technology are more likely to have broadband services. The high correlation
between fixed broadband and households with three services (0.92) suggests that bundling
multiple services is a significant factor in broadband adoption, reflecting a trend towards
integrated service packages. Additionally, the correlation between fixed broadband and
fiber optic technology is moderate (0.53), indicating the gradual adoption of more advanced
infrastructure, although fiber optic is not yet dominant. Conversely, cable modem shows a
weaker correlation with broadband (0.44), suggesting that it is becoming less relevant in
areas with modern infrastructure. The negative correlation between one-service households
and broadband access (−0.78) underscores the ongoing digital divide, where households
with fewer service subscriptions are less likely to have broadband, highlighting disparities
in technology access.

Table 6. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2018.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.868092 0.691000 0.526587 0.438583 −0.780509 0.792222 0.917220
Computer equipment 0.868092 1.000000 0.745583 0.495592 0.273335 −0.552066 0.888102 0.839517
Digital TV 0.691000 0.745583 1.000000 0.470688 0.199581 −0.590455 0.674643 0.723552
Fiber optic 0.526587 0.495592 0.470688 1.000000 −0.179148 −0.513277 0.377769 0.488648
Cable modem 0.438583 0.273335 0.199581 −0.179148 1.000000 −0.179256 0.338750 0.203630
One service −0.780509 −0.552066 −0.590455 −0.513277 −0.179256 1.000000 −0.515744 −0.747310
Two services 0.792222 0.888102 0.674643 0.377769 0.338750 −0.515744 1.000000 0.725897
Three services 0.917220 0.839517 0.723552 0.488648 0.203630 −0.747310 0.725897 1.000000

The 2019 correlation matrix in Table 7 reveals strong connections between broad-
band access, technology adoption, and the bundling of telecommunications services in
households. Fixed broadband shows a high correlation with computer equipment (0.89),
indicating that households with greater access to computers are more likely to have broad-
band services. The correlation between fixed broadband and households with three services
is particularly strong (0.95), reinforcing the idea that bundling multiple services drives
broadband adoption. Moderate correlations with fiber optic technology (0.50) suggest
that while fiber is important for broadband access, its impact is still evolving. On the
other hand, cable modem exhibits a weaker correlation (0.26), indicating its reduced rele-
vance in regions with modern infrastructure. The negative correlation between one-service
households and broadband access (−0.78) highlights the digital divide, showing that fewer
service subscriptions are linked to lower broadband adoption.
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Table 7. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2019.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.885082 0.736225 0.495898 0.257323 −0.781952 0.817512 0.952958
Computer equipment 0.885082 1.000000 0.738755 0.497944 0.229856 −0.562160 0.900849 0.849793
Digital TV 0.736225 0.738755 1.000000 0.382302 0.165753 −0.592146 0.686296 0.722573
Fiber optic 0.495898 0.497944 0.382302 1.000000 −0.492840 −0.483987 0.390471 0.496118
Cable modem 0.257323 0.229856 0.165753 −0.492840 1.000000 0.035933 0.285725 0.150481
One service −0.781952 −0.562160 −0.592146 −0.483987 0.035933 1.000000 −0.540067 −0.764224
Two services 0.817512 0.900849 0.686296 0.390471 0.285725 −0.540067 1.000000 0.749639
Three services 0.952958 0.849793 0.722573 0.496118 0.150481 −0.764224 0.749639 1.000000

The 2020 correlation matrix in Table 8 reveals strong patterns in broadband access,
technology adoption, and service bundling in households. Fixed broadband is highly corre-
lated with computer equipment (0.89), reinforcing the idea that households with greater
access to computers are more likely to adopt broadband. The strong correlation with house-
holds subscribing to three services (0.92) suggests that bundling multiple services remains
a key driver for broadband adoption. Interestingly, fiber optic technology shows only a
moderate correlation with fixed broadband (0.49), reflecting that while fiber is important, it
has not yet become the dominant broadband technology. Cable modem exhibits a much
weaker correlation (0.18), indicating its diminishing role in regions with modern telecom-
munications infrastructure. The negative correlation between one-service households and
broadband access (−0.76) highlights a persistent digital divide, where households with
fewer services are less likely to adopt broadband. This gap underscores the disparities in
technology access and the importance of bundled services in promoting connectivity.

Table 8. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2020.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.891303 0.768506 0.490163 0.180869 −0.760711 0.814123 0.917299
Computer equipment 0.891303 1.000000 0.800324 0.465841 0.245534 −0.531716 0.824856 0.870421
Digital TV 0.768506 0.800324 1.000000 0.388714 0.188530 −0.506326 0.695015 0.770946
Fiber optic 0.490163 0.465841 0.388714 1.000000 −0.543899 −0.302917 0.229869 0.460515
Cable modem 0.180869 0.245534 0.188530 −0.543899 1.000000 −0.089922 0.293963 0.210580
One service −0.760711 −0.531716 −0.506326 −0.302917 −0.089922 1.000000 −0.491307 −0.723960
Two services 0.814123 0.824856 0.695015 0.229869 0.293963 −0.491307 1.000000 0.652131
Three services 0.917299 0.870421 0.770946 0.460515 0.210580 −0.723960 0.652131 1.000000

The 2021 correlation matrix in Table 9 shows strong links between broadband access,
technology adoption, and service bundling. Fixed broadband has a high correlation with
computer equipment (0.90), indicating that households with more access to technology are
more likely to adopt broadband. Additionally, there is a strong relationship between fixed
broadband and households subscribing to three services (0.91), underscoring that service
bundling plays a significant role in broadband adoption. Fiber optic technology shows a
moderate correlation with fixed broadband (0.49), suggesting that although fiber optics
is growing, it is not yet the leading broadband technology. Conversely, cable modem has
a weaker correlation (0.18), signaling its decline in more advanced regions. The negative
correlation between one-service households and broadband access (−0.76) highlights the
digital divide, where households with fewer services have significantly less broadband ac-
cess. This disparity emphasizes the importance of both bundled services and technological
infrastructure in driving broadband penetration and addressing connectivity gaps.
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Table 9. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2021.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.895190 0.768875 0.485714 0.176637 −0.764864 0.819094 0.913101
Computer equipment 0.895190 1.000000 0.768517 0.454065 0.229037 −0.533752 0.822934 0.880537
Digital TV 0.768875 0.768517 1.000000 0.388323 0.187858 −0.517181 0.693808 0.770785
Fiber optic 0.485714 0.454065 0.388323 1.000000 −0.550459 −0.302288 0.226669 0.465302
Cable modem 0.176637 0.229037 0.187858 −0.550459 1.000000 −0.116200 0.300278 0.191932
One service −0.764864 −0.533752 −0.517181 −0.302288 −0.116200 1.000000 −0.495644 −0.721532
Two services 0.819094 0.822934 0.693808 0.226669 0.300278 −0.495644 1.000000 0.649757
Three services 0.913101 0.880537 0.770785 0.465302 0.191932 −0.721532 0.649757 1.000000

The 2022 correlation matrix in Table 10 highlights key relationships between broad-
band access, technology adoption, and service bundling. Fixed broadband shows a strong
correlation with computer equipment (0.89), indicating that households with more technol-
ogy are more likely to have broadband. The high correlation with three-service households
(0.92) emphasizes the importance of bundling multiple services in driving broadband
adoption. The correlation with fiber optic technology is moderate (0.51), suggesting fiber
optics is gaining relevance but still not dominant. Cable modem shows a weak correlation
(0.21), reflecting its decreasing significance in regions with more advanced infrastructure.
The negative correlation between one-service households and broadband access (−0.72)
underscores the persistent digital divide, where fewer services correlate with lower broad-
band adoption. This emphasizes the role of bundled services and infrastructure in closing
the connectivity gap.

Table 10. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2022.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.894810 0.759904 0.506695 0.207507 −0.716498 0.816149 0.917950
Computer equipment 0.894810 1.000000 0.749069 0.480001 0.257393 −0.490654 0.821231 0.879336
Digital TV 0.759904 0.749069 1.000000 0.390023 0.211686 −0.487100 0.684593 0.765491
Fiber optic 0.506695 0.480001 0.390023 1.000000 −0.520216 −0.285017 0.256443 0.476297
Cable modem 0.207507 0.257393 0.211686 −0.520216 1.000000 −0.116514 0.317540 0.230639
One service −0.716498 −0.490654 −0.487100 −0.285017 −0.116514 1.000000 −0.460922 −0.675027
Two services 0.816149 0.821231 0.684593 0.256443 0.317540 −0.460922 1.000000 0.663341
Three services 0.917950 0.879336 0.765491 0.476297 0.230639 −0.675027 0.663341 1.000000

The 2023 correlation matrix in Table 11 reveals significant relationships between broad-
band access, technology adoption, and service bundling in households. Fixed broadband
shows a strong correlation with computer equipment (0.84), underscoring that households
with greater access to technology are more likely to have broadband. The high correlation
with three-service households (0.89) highlights how bundling multiple services remains
a key driver for broadband adoption. Fiber optic technology, with a moderate correla-
tion to broadband (0.49), shows its increasing but not yet dominant role in connectivity.
Conversely, cable modem’s lower correlation (0.24) suggests it is becoming less significant
as more advanced technologies take precedence. The negative correlation between one-
service households and broadband access (−0.66) emphasizes the persistent digital divide,
where limited service adoption continues to restrict broadband availability. This underlines
the growing importance of expanding technological infrastructure and promoting service
bundling to ensure broader digital inclusion, especially in an era where access to ICTs is
critical for economic and social development.



Telecom 2024, 5 1088

Table 11. Correlation matrix showing relationships between broadband access, telecommunications
services, and technology adoption in households in 2023.

Fixed
Broadband

Computer
Equipment

Digital
TV

Fiber
Optic

Cable
Modem

One
Service

Two
Services

Three
Services

Fixed broadband 1.000000 0.843376 0.779258 0.488413 0.238999 −0.660023 0.774640 0.889362
Computer equipment 0.843376 1.000000 0.738157 0.510704 0.249285 −0.541139 0.732809 0.809528
Digital TV 0.779258 0.738157 1.000000 0.472489 0.120345 −0.470618 0.690832 0.747504
Fiber optic 0.488413 0.510704 0.472489 1.000000 −0.533534 −0.358528 0.292593 0.503477
Cable modem 0.238999 0.249285 0.120345 −0.533534 1.000000 −0.094172 0.353649 0.186307
One service −0.660023 −0.541139 −0.470618 −0.358528 −0.094172 1.000000 −0.418586 −0.610186
Two services 0.774640 0.732809 0.690832 0.292593 0.353649 −0.418586 1.000000 0.595885
Three services 0.889362 0.809528 0.747504 0.503477 0.186307 −0.610186 0.595885 1.000000

The correlation tables (Tables 3–11) suggest consistent values in the relationship be-
tween fiber optic use and fixed broadband across multiple years. However, these seemingly
stable correlations do not necessarily contradict the claim of fiber optic growth. Rather, they
underscore that while fiber optics have increasingly penetrated the market as an alternative
to traditional broadband technologies, they may still play a complementary role in enhanc-
ing overall broadband infrastructure. Thus, even as fiber optic installations expand, the
correlation remains close to other services, reflecting both the complementary use of multi-
ple technologies within households and the slower pace of market replacement for fixed
broadband services. This underscores that growth in fiber optics is indeed occurring, albeit
within an established broadband ecosystem where multiple access technologies coexist.

In Figures 3 and 4, we show comparative insights that reveal a shift toward bundled
telecommunications services, preferences for high-speed internet access, and a competitive
trend favoring fiber optic technology over cable modems. The matrices reflect an ongoing
evolution in consumer behavior influenced by technological advancement and an increasing
integration of digital services in households. The correlation matrices from 2015 and 2023
reveal notable shifts in the relationships between broadband access, telecommunications
services, and technology adoption in households. Observing these matrices side by side
highlights how advancements in technology, changing consumer behavior, and greater
service availability have reshaped the interdependence of these variables. One notable
change is in the correlation between fixed broadband access and computer equipment
adoption, which has decreased slightly from 0.87 in 2015 to 0.84 in 2023. This suggests
that while broadband access and computer equipment remain strongly interdependent,
the reliance on broadband for owning computer equipment may have declined slightly
as alternative internet access options, such as mobile broadband, have become more
prevalent. The relationship between fixed broadband and digital TV also shows a shift,
increasing from a correlation of 0.67 in 2015 to 0.78 in 2023. This stronger correlation
suggests that digital TV has become more reliant on broadband, likely due to the increasing
integration of streaming services, which require stable, high-speed internet. Households
may now consider broadband access essential for high-quality, on-demand digital content.
An intriguing shift can be seen in the relationship between fixed broadband and the
choice of a single service. The correlation has intensified in a negative direction, from
−0.32 in 2015 to −0.66 in 2023. This indicates that as broadband access becomes more
widespread, households are increasingly opting for multiple telecommunications services
rather than relying on a single option. This change suggests a diversification in household
service portfolios, likely motivated by the greater availability of bundled services that
combine internet, television, and other utilities. A marked shift also appears between fiber
optic and cable modem technologies. In 2015, these variables had nearly no correlation
(−0.03), while in 2023, the correlation is more negative (−0.53), indicating an increasing
competition between the two technologies. As fiber optic access has expanded, offering
faster and more reliable internet, it has likely begun replacing traditional cable modems
in many households, reflecting consumer preference for high-speed internet. Although
the correlation between computer equipment and the adoption of three services remains
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strong, it has slightly decreased from 0.92 in 2015 to 0.81 in 2023. This shift might reflect a
diversification in devices beyond computers, such as smartphones or tablets, suggesting
that households are increasingly using various devices for telecommunications rather than
relying solely on computers. The correlation between single-service and three-service
adoption has also shifted substantially, with the relationship becoming more negative
over time, moving from −0.18 in 2015 to −0.61 in 2023. This reflects a clear trend toward
multi-service packages as consumers increasingly favor bundled options over isolated,
single services. Lastly, the correlation between the adoption of two services and fixed
broadband has decreased, moving from 0.90 in 2015 to 0.77 in 2023. This trend may indicate
that households are increasingly gravitating toward either single high-quality services
or more extensive three-service bundles, with less interest in two-service options. This
evolution suggests that consumer preferences may be polarizing towards either minimalist
or all-inclusive telecommunications solutions.

Figure 3. Correlation matrix of telecommunications data in 2015.

Figure 4. Correlation matrix of telecommunications data in 2023.
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We use the year 2023 as the basis to establish a predictive model regarding fiber optic
adoption in households. The methodology continues by loading the dataset containing
information on internet access, computer equipment availability, the percentage of house-
holds with three telecommunication services, and fiber optic adoption rates across the
Mexican states. To facilitate logistic regression, fiber optic adoption is transformed into a bi-
nary variable: states with fiber optic adoption rates greater than or equal to 20% are labeled
as high adoption (1), while those with rates below 20% are labeled as low adoption (0). A
correlation matrix is calculated to explore how the predictor variables—internet access,
computer equipment, and three services—relate to each other and to fiber optic adoption.
The dataset is then divided into predictor variables (X) and the binary fiber optic adoption
target (y). The data are split into training (70%) and testing (30%) subsets, with the training
set used to build a logistic regression model. This model estimates the likelihood that a
state will adopt fiber optic technology based on its internet access, equipment availability,
and services. Cross-validation with five folds is applied to ensure model reliability and
reduce overfitting by training and testing the model on different subsets of the data. Finally,
predictions for all states are generated, and a bar chart visualizes the predicted probabilities
of fiber optic adoption across the Mexican states, highlighting which regions are more likely
to adopt advanced technology based on the model’s outputs. This method is depicted in
Figure 4 with the correlation matrix.

In Table 12, x1, x2, and x3 represent the predictor variables used in the logistic regres-
sion model to predict fiber optic adoption.

Table 12. Model coefficients.

Estimate SE tStat p Value

(Intercept) −1.0005 2.9241 −0.34215 0.73224
x1 0.008396 0.084437 0.099435 0.92079
x2 −0.10806 0.13164 −0.82089 0.41171
x3 0.27948 0.21577 1.2953 0.19522

x1 refers to broadband access, which indicates the percentage of households with
access to broadband internet in each state. x2 corresponds to computer equipment, rep-
resenting the percentage of households with access to a computer. x3 stands for three
services, showing the percentage of households with three fixed telecommunication ser-
vices (e.g., phone, television, and internet). These predictor variables are used to train the
logistic regression model, which aims to forecast whether a state will exhibit high or low
adoption of fiber optic technology (the target variable). Each predictor contributes to the
model through its respective coefficient, and the model calculates the probability of fiber
optic adoption, which is then converted into a binary outcome (0 or 1) to signify low or
high adoption. The purpose of these variables is to analyze how internet access, computer
availability, and the number of telecommunication services influence the likelihood of fiber
optic adoption.

Figure 5 shows the predicted probability of fiber optic adoption across Mexican states,
based on factors such as broadband access, availability of computer equipment, and the
percentage of households with three telecommunication services. Each bar represents
a state, and the height of the bar indicates the likelihood that households in that state
will adopt fiber optic technology. Higher bars reflect states with a greater probability of
adopting fiber optic infrastructure, suggesting that these regions have more favorable
conditions, such as better internet access and higher technology adoption rates. Conversely,
states with shorter bars have lower probabilities of fiber optic adoption, indicating less
favorable conditions for adopting this technology.
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Figure 5. Predicted probability of fiber optic adoption across Mexican states based on broadband
access, computer equipment availability, and telecommunication services.

The correlation matrix shown in Figure 6 was generated using Pearson’s correlation
coefficient, which shows the linear relationships between the four variables. These relation-
ships help highlight which factors may have a positive or negative correlation with each
other in the context of reducing the digital divide. For instance, negative correlations may
suggest that improvements in certain areas (such as technological infrastructure) correlate
with a reduction in households relying on only one service.

Figure 6. Correlation matrix of digital divide reduction.

Now, based on Table 13, the concepts are explained as follows. The intercept is
the baseline value when all other variables are zero. The infrastructure growth, a small
positive coefficient, suggests that increased infrastructure growth slightly increases the
probability of being in the high “one service” category, though the effect is minimal. Digital
TV penetration, a negative coefficient, indicates that as digital TV penetration increases,
the probability of relying on only one service decreases. Combined services, a positive
coefficient, suggests that households with access to multiple services are more likely to be
in the high “one service” category, though the relationship is counterintuitive and may
indicate other latent factors. Therefore, the negative correlation between one service and
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infrastructure growth (−0.3077) suggests that as infrastructure grows, fewer households
rely on just one service. The strong positive correlation between digital TV penetration and
combined services (0.7778) indicates that states with higher digital TV penetration tend to
have a higher number of households subscribing to multiple services.

Table 13. Model coefficients.

Estimate SE tStat p Value

(Intercept) 1 −0.3077 −0.5052 −0.7024
x1 −0.3077 1 0.3849 0.455
x2 −0.5052 0.3849 1 0.7778
x3 −0.7024 0.455 0.7778 1

Figure 7 displays the predicted probabilities of reducing the digital divide for each
Mexican state. Higher bars indicate regions where the digital divide is expected to diminish,
suggesting that these regions have favorable conditions for improving digital access. The
model helps identify areas where policies and investments could have the most significant
impact on reducing the digital divide.
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Figure 7. Predicted reduction of the digital divide by Mexican states.

4. Results

To conduct a detailed analysis of the relationship between the gross domestic product
(GDP) for each Mexican state by year and the penetration rates of fixed telecommuni-
cations services, namely fixed telephony, fixed internet access, and restricted television
(cable or satellite), we need to consider several critical aspects and correlations across
multiple years.

4.1. Correlation Between GDP and Telecommunications Penetration

Telecommunications services, especially fixed services like telephone, internet, and
television, are essential for economic development. The degree to which these services
are accessible to households often correlates with the economic output of a region. High
penetration rates generally indicate better infrastructure, more developed economies, and
better connectivity, all of which are catalysts for higher GDP growth. Thus, we would
expect to see a positive correlation between higher GDP states and greater penetration rates
for these services.

Fixed Telephony: Telephone services were historically a crucial aspect of telecommu-
nications infrastructure, but over time, their relative importance has been diminished by
mobile networks. However, a high penetration rate of fixed telephony may still suggest
well-established infrastructure, which often correlates with a higher GDP. States with higher
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GDPs, such as Mexico City, Nuevo Leon, or Jalisco, should demonstrate higher or at least
stable fixed telephony penetration rates over the years, while states with lower GDPs might
show declining trends or consistently low penetration rates.

Fixed Internet Access. The penetration of fixed internet access is perhaps the most
critical modern telecommunications service for supporting economic activity. High-speed
internet access enables businesses to operate more efficiently, supports e-commerce, and
promotes educational advancements. Therefore, we expect to see a strong correlation
between states with higher GDPs and higher internet penetration rates. Wealthier states
with advanced urban areas and business centers, such as Mexico City, Monterrey, and
Guadalajara, are likely to lead in internet penetration, while states with lower GDPs,
particularly in rural areas, may lag behind.

Restricted Television (Cable/Satellite). Restricted television, including services like
cable and satellite, often reflects discretionary spending and entertainment consumption
patterns. While not as critical to economic productivity as internet services, high penetration
rates in wealthier states might indicate greater disposable income and demand for premium
services. States with high GDPs may see greater penetration of restricted TV, while lower-
GDP states may prioritize basic services like internet over entertainment subscriptions.

4.2. Yearly Comparison and Economic Trends

Analyzing the penetration rates across 2015–2016, 2017–2018, 2019–2020, and 2021–2022,
we should observe the following trends and their implications for GDP and telecommuni-
cations development.

2015–2016: This period likely represents a baseline for fixed telecommunications
penetration across Mexican states. During this time, the disparity between wealthier and
poorer states in terms of internet penetration may still be pronounced. As mobile networks
expand, the reliance on fixed telephony could begin to decline, especially in states with
strong economic growth. This behavior is described in Figure 8.
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Figure 8. Overview of the telecommunications penetration rates and GDP correlation for Mexican
states in 2015–2016.

2017–2018: During this period, we would expect fixed internet access penetration to
increase significantly, especially in wealthier states, as more businesses and households
demand reliable internet for economic and educational purposes. Restricted television
services could start showing a split, where wealthier states may adopt it more widely,
reflecting disposable income differences. This behavior is described in Figure 9.
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Figure 9. Overview of the telecommunications penetration rates and GDP correlation for Mexican
states in 2017–2018.

2019–2020: The global COVID-19 pandemic in 2020 had profound impacts on both
GDP and telecommunications services. The need for internet connectivity surged dramati-
cally as more individuals and businesses relied on digital services for remote work, online
education, and healthcare. States with better pre-existing internet infrastructure may have
navigated the pandemic more successfully, leading to a divergence in economic recovery
and digital service penetration. Fixed telephony may have further declined as mobile
networks and internet-based communications became more prevalent. This behavior is
described in Figure 10.
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Figure 10. Overview of the telecommunications penetration rates and GDP correlation for Mexican
states in 2019–2020.
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2021–2022: As economies began to recover from the pandemic, we would expect
the correlation between GDP and fixed internet penetration to strengthen. States with
higher GDPs that invested in telecommunications infrastructure are likely to demonstrate
both stronger economic growth and higher rates of internet and restricted television ser-
vices. Conversely, states that lagged in both economic recovery and telecommunications
penetration may continue to fall behind. This behavior is described in Figure 11.
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Figure 11. Overview of the telecommunications penetration rates and GDP correlation for Mexican
states in 2021–2022.

4.3. Regional Disparities and Infrastructure Challenges

There are pronounced regional disparities in Mexico, particularly between the industri-
alized northern and central states, and the southern and more rural areas. These disparities
are often reflected in both GDP figures and access to telecommunications services.

Northern and central states such as Nuevo Leon, Jalisco, Mexico City, and Queretaro
typically have higher GDPs and better telecommunications infrastructure. We would expect
these states to exhibit consistently high penetration rates across all services (fixed telephony,
internet, and restricted TV).

Southern states such as Chiapas, Guerrero, and Oaxaca often struggle with lower
GDPs and insufficient infrastructure. These states may show lower penetration rates across
the board, particularly for fixed internet and restricted television, which are less accessible
due to both economic and logistical challenges in these regions.

4.4. Technological Transition and Service Adoption

Across the analyzed years, there has likely been a technological shift. The decline of
fixed telephony in favor of mobile services and the increasing importance of fixed internet,
particularly broadband, reflect the changing priorities of households and businesses.

Internet access has become a necessity for modern economic activity, with penetration
rates directly tied to educational opportunities, business capabilities, and overall quality of
life. States with higher GDPs may have been quicker to adopt fiber optic and broadband
internet services, which significantly enhance both speed and reliability.

Restricted TV services may exhibit a slower growth rate compared to internet access,
as more households opt for internet-based streaming services, especially in wealthier states
where high-speed internet is more readily available.
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Figure 12 illustrates the technology adoption trends in ten Mexican states—Baja
California, Coahuila, Chihuahua, Ciudad de Mexico, Guanajuato, Jalisco, Estado de Mexico,
Nuevo Leon, Sonora, and Veracruz—between 2018 and 2023. These states are selected due
to their high GDP and economic development [37], making them critical points of analysis
for understanding the telecommunications infrastructure in Mexico’s most economically
robust regions. The technologies analyzed include cable modem, DSL, fiber optic, and
other technologies, with the figure displaying their percentage of penetration for each state
over the selected years. The stacked bar plots in the figure offer a detailed breakdown of
the evolution of telecommunications technologies across these top 10 states, with each bar
representing a specific year from 2018 to 2023. The proportions of the various technologies
are visually stacked, providing an intuitive understanding of how the technology landscape
has shifted within each state. The analysis reveals several important trends:
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Figure 12. Technology adoption trends in Mexico’s top 10 states by GDP (2018-2023), showing the
shift from legacy systems like DSL and cable modem to increasing fiber optic penetration.

• Fiber optic growth: One of the most striking trends across nearly all states is the
consistent increase in fiber optic adoption over time. States like Ciudad de Mexico and
Nuevo Leon demonstrate significant progress in fiber optic adoption, with Ciudad de
Mexico increasing its fiber optic penetration from 23% in 2018 to 44% in 2023, reflecting
a strong investment in modern, high-speed internet infrastructure. This is a critical
indicator of digital modernization, as fiber optic technology is essential for supporting
the demands of high-speed internet necessary for economic growth and advanced
digital services.

• Decline of DSL and cable modem: There is a noticeable decline in DSL and cable
modem penetration, particularly in states like Nuevo Leon, Sonora, and Veracruz. For
example, Nuevo Leon sees a drop in cable modem usage from 45% in 2018 to 15% in
2023, signaling a shift toward more advanced technologies like fiber optic. The decline
in DSL, especially in states like Estado de Mexico and Chihuahua, mirrors a nationwide
move away from outdated technologies that cannot support the bandwidth demands
of modern digital economies.

• Technological diversity and disparity: The figure also highlights the technologi-
cal diversity between states. While some states, such as Sonora and Nuevo Leon,
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have moved aggressively toward fiber optic infrastructure, others like Veracruz
and Guanajuato still maintain higher percentages of DSL and cable modem tech-
nologies, though they are also transitioning. This technological disparity can re-
flect differences in regional investment and economic focus, with certain areas lag-
ging in their ability to modernize their telecommunications infrastructure as rapidly
as others.

• Emergence of fiber optics as a leader: By 2023, in almost all states, fiber optic tech-
nology emerges as a leading telecommunication service, especially in economically
advanced regions such as Ciudad de Mexico and Nuevo Leon, where fiber optic has
surpassed other technologies. These trends suggest that fiber optics will become
the backbone of telecommunications infrastructure in Mexico’s top economic states,
essential for supporting future 5G networks, smart cities, and digital services that are
critical for continued economic growth and global competitiveness.

5. Discussion

The research presented in this document is a critical exploration of the relationship
between telecommunications infrastructure, digital inclusion, and economic growth within
the context of Mexico. A fundamental theme of the study is the persistent digital divide that
continues to affect both urban and rural populations. The paper evaluates how different
variables, such as broadband access, service bundling, and fiber optic penetration, influence
the digital landscape. One of the standout aspects of the study is its use of predictive models
to identify regions with low technological adoption and to offer policy recommendations.
This data-driven approach is essential in addressing the disparities in technological access
across the country. Furthermore, the correlation between multiple services and broadband
adoption underscores the importance of tailored service offerings to drive higher technology
uptake, particularly in underserved regions. The models proposed are not just academic
exercises but offer real-world applications, especially in informing public policy decisions
that can better allocate infrastructure investments.

From a methodological perspective, the use of Pearson’s correlation matrix and lo-
gistic regression model demonstrates a rigorous statistical approach to understanding the
dynamics of telecommunications service adoption. By linking broadband access, computer
availability, and multiple service subscriptions, the research highlights key variables that af-
fect fiber optic adoption. This type of modeling is essential for policymakers, as it provides
a clear indication of where investments can be most effective. The research further explores
the correlation between these variables, showing that infrastructure growth and digital TV
penetration have a direct impact on the likelihood of multiple service adoption, while access
to only one service remains a challenge in regions with slower infrastructure development.
This detailed analysis contributes significantly to the literature on telecommunications and
offers a comprehensive framework for improving digital inclusion in Mexico.

One of the paper’s most important contributions is its focus on the practical impli-
cations of its findings. By using predictive models to forecast the reduction of the digital
divide across different states, the research offers a roadmap for strategic investments in
telecommunications infrastructure. The predicted probabilities for fiber optic adoption by
state, for example, provide a granular understanding of where public policy can have the
most significant impact. This type of predictive analytics is invaluable for governmental
planning and budget allocation, as it allows for targeted interventions in regions that are
most in need of technological advancement. The research does not stop at identifying
problems but actively proposes solutions that can help bridge the digital divide, particularly
through service bundling and promoting multi-service adoption strategies.

However, there are some limitations to consider. While the research provides a robust
framework for analyzing telecommunications data, the complexity of the digital divide
suggests that there may be additional social and economic factors not fully accounted for
in the model. For instance, digital literacy and affordability are critical variables that could
influence technology adoption but are not directly explored in depth. Moreover, while
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the study emphasizes infrastructure investment, it does not fully address the regulatory
and bureaucratic challenges that may impede the rollout of new technologies. Future
research could expand on these aspects, integrating more qualitative data to complement
the quantitative models and providing a more holistic view of the barriers to digital
inclusion. Despite these gaps, the study remains a valuable resource for understanding the
intersection of technology, infrastructure, and socio-economic development.

The bridging of the digital divide hinges significantly on addressing regulatory barri-
ers, economic incentives, and public policy variations. These elements are critical because
they shape the model’s capacity to account for factors that impact digital inclusion effec-
tively. While predictive models can identify correlations between broadband access, infras-
tructure availability, and digital inclusion, regulatory barriers often introduce complexities
that such models may not fully capture. For instance, restrictive regulatory frameworks
may limit the deployment of telecommunications infrastructure in underserved areas,
stalling efforts to expand broadband access even where technical capabilities exist. This
creates a lag in digital inclusion that goes beyond what the model predicts, necessitat-
ing more nuanced inputs related to regulatory impact. Economic incentives, or the lack
thereof, also play a pivotal role in digital access disparities. Areas with low profitability
for service providers, often rural or low-income regions, may see limited infrastructure
investment despite high demand for connectivity. The model may indicate a potential
market for broadband in such areas, yet without robust economic incentives, providers may
hesitate to commit resources. This introduces a gap between the model’s projections and
real-world outcomes, highlighting the need for policies that encourage investment in less
lucrative regions through subsidies or tax breaks. Public policy variations across regions
lead to inconsistencies in digital inclusion outcomes. Some regions may have policies
aimed at incentivizing broadband deployment and digital literacy, while others may lack
such initiatives. This variability means that a single predictive model, without accounting
for these policy differences, may overlook critical influences on digital inclusion. Thus,
while the model is a powerful tool for identifying broad patterns, its capacity for policy
innovation could be constrained unless it incorporates regulatory, economic, and policy
factors comprehensively.

The current predictive models’ exclusion of temporal dynamics in technology adoption
and evolving infrastructure, like the transition from DSL (Digital Subscriber Line) to
fiber optic networks, limits their effectiveness in providing comprehensive insights for
future planning. As technology adoption follows patterns influenced by economic factors,
regulatory changes, and consumer preferences, ignoring the temporal dimension creates
a static model that may fail to reflect real-world shifts in digital access over time. The
transition from DSL to fiber optic networks, for example, represents more than a mere
technological upgrade—it reshapes digital access capabilities due to fiber optics’ higher
bandwidth and reliability. This shift is gradual and regionally variable, meaning that areas
adopting fiber optic early experience different economic and social impacts compared
to those still dependent on DSL or other older technologies. Without integrating these
temporal aspects, models overlook how such transitions affect regional digital inclusion
differently over time.

Additionally, technology adoption is not instantaneous; it often follows an S-curve,
where adoption accelerates once a critical mass of users is reached and may plateau in late
stages. Failure to account for this progression could lead to models that underestimate
the pace of adoption in emerging technologies or overestimate infrastructure demand for
outdated technologies. Consequently, policymakers relying on these models may misal-
locate resources, investing in infrastructure that fails to align with the actual technology
trajectory. Therefore, by incorporating temporal dynamics, these predictive models could
better anticipate future needs, enabling more precise policy decisions and infrastructure
investments that align with evolving technology landscapes.

The influence of digital inclusion in Mexico is profound, spanning economic, educa-
tional, and social domains. First, digital inclusion serves as a driver for economic growth,
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particularly by enhancing access to ICTs in underserved areas. Regions with robust digital
connectivity experience a noticeable increase in productivity, as businesses gain access to
digital marketplaces, e-commerce, and remote work opportunities. This digital integration
has been shown to stimulate local economies, reduce operational costs, and expand con-
sumer reach. Furthermore, greater digital access allows for increased participation in the
national and global economy, reducing regional economic disparities. Educationally, digital
inclusion significantly impacts access to resources, particularly in rural or low-income areas
where physical educational infrastructure may be limited. Students with access to the inter-
net benefit from digital tools and platforms that provide enhanced learning experiences,
online courses, and interaction with educational resources unavailable locally. The impact
of digital inclusion on education in Mexico became especially evident during the COVID-19
pandemic when digital access determined students’ ability to continue their education.
On a social level, digital inclusion supports greater civic engagement and enhances access
to government services, health care, and social support networks. It fosters an informed
and connected citizenry, which is crucial for addressing socio-economic inequalities and
promoting social mobility. However, in areas with limited connectivity, residents are of-
ten excluded from these benefits, exacerbating existing divides and reinforcing cycles of
poverty. Therefore, digital inclusion in Mexico not only promotes equitable economic
development but also plays a critical role in democratizing education, civic engagement,
and access to essential services. Enhancing digital access is vital for Mexico’s progress,
ensuring that all citizens can fully participate in and contribute to the digital economy
and society.

6. Conclusions

The research highlights several critical challenges facing the deployment of advanced
telecommunications infrastructure, particularly in the context of 5G adoption in Mexico.
First, uneven infrastructure development across states reveals significant disparities, with
regions like Mexico City far ahead of areas such as Chiapas and Oaxaca. This unevenness
risks deepening the digital divide as new technologies like 5G are introduced. Second, the
dominance of legacy technologies like DSL and cable modems in many states could hinder
the transition to fiber optic and 5G, as outdated systems must be maintained alongside
new infrastructure, slowing overall progress. Third, economic disparities between states
suggest that regions with lower GDP may struggle to invest in the necessary infrastructure,
leading to slower adoption of 5G in economically disadvantaged areas. Fourth, spectrum
reallocation challenges, particularly those related to the digital dividend, present regulatory
and logistical hurdles as the transition from analog TV to mobile services is likely to face
resistance from existing users. Finally, the rural–urban divide poses another significant
barrier, as urban areas with higher population densities and established infrastructure
are expected to see faster 5G deployment, further widening the digital gap. Additionally,
consumer readiness, as indicated by varying levels of ICT equipment ownership across
states, suggests that the adoption of advanced technologies like 5G will not occur uniformly,
with certain regions being more prepared than others for this transition.

The proposed solutions present a comprehensive and multifaceted strategy to tackle
the challenges of implementing the digital dividend and 5G technology across Mexico.
Central to this approach is targeted infrastructure investment in underserved regions, lever-
aging public–private partnerships to maximize impact. A phased 5G rollout, beginning in
urban centers and gradually expanding to rural areas, ensures strategic development while
addressing the rural–urban divide. Efficient spectrum reallocation and sharing policies
are critical to overcoming regulatory challenges, while incentives for fiber optic deploy-
ment are necessary to support the backbone of 5G infrastructure. Additionally, digital
literacy programs aim to boost ICT adoption and consumer readiness, complementing
a competitive yet inclusive regulatory framework that prioritizes widespread coverage.
The approach also advocates for technology-neutral policies, allowing for tailored, context-
specific solutions, and cross-sector collaboration to share costs and accelerate deployment.



Telecom 2024, 5 1100

The establishment of 5G innovation hubs is proposed to drive technological adoption,
alongside adaptive regulation that evolves with technological advancements. This holistic
strategy seeks to bridge the digital divide, enhance telecommunications services nation-
wide, and position Mexico as a leader in digital innovation within Latin America, thereby
fostering economic growth through improved connectivity.
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