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Abstract

Access to Information and Communication Technologies (ICTs) is a critical component for
social inclusion and population development. This study aimed to analyze ICT access in
Argentine households, considering its distribution according to deprivation conditions
and area of residence (urban-rural) at the regional level, and incorporating a spatial
association perspective at the departmental level. The percentage of households with
Internet access, computers (or tablets), and cell phones with connectivity was examined at
the regional level, according to household deprivation type and area of residence. At the
departmental level, the analysis was conducted through thematic maps and the estimation
of spatial autocorrelation patterns (global and local Moran’s Index). Indicators were
constructed using data from the 2022 Population, Household, and Housing Census. Results
revealed significant disparities in ICT access, attributable to deprivation conditions and the
geographic distribution of households. Spatial autocorrelation patterns with low ICT access
were mainly identified in the Northwest (NOA) and Northeast (NEA) regions, while the
highest coverage levels were concentrated in the Buenos Aires Metropolitan Area (AMBA),
the Pampeana, and Patagonia regions. The evidence highlights the need to design public
policies aimed at reducing digital divides.

Keywords: information and communication technologies (ICT); digital divides; inequalities

1. Introduction

Throughout the twenty-first century, Argentina has made significant progress in digital
inclusion, positioning itself as one of the countries with the greatest access to information
and communication technologies (ICTs) in Latin America and the Caribbean [1,2]. The
expansion of coverage, particularly since the early 2010s [3], is closely related to the
implementation of public policies focused on access, use, and appropriation of these
technologies [4-7]. Nevertheless, the literature and statistics provided by international
organizations suggest that substantial gaps persist, especially among lower-income strata
and in rural areas [8,9]. This situation reflects the conditions of poverty and the lag in
educational and occupational trajectories of the population [10].

Most studies aimed at analyzing these socioeconomic inequalities in the region, and
particularly in Argentina, have relied on data from household surveys [11-14]. This
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approach limits the possibility of examining household access to ICT according to so-
ciodemographic characteristics associated with stratification inequalities, while ensuring
full population coverage (free from sampling errors) [15,16]. It also restricts the capacity
to study ICT distribution in smaller populations using geographic information systems
(GIS) [17-20].

Within this framework, the present study aims to analyze household access to ICT
in Argentina, considering its distribution according to deprivation conditions and area
of residence (urban-rural) at the regional scale, and incorporating a spatial association
perspective at the departmental level. Specifically, using microdata from Argentina’s
2022 Population, Household, and Housing Census, this research seeks to answer the
following questions: What differences in ICT coverage are observed among households
across Argentina’s regions in 2022? What is the level of ICT access according to deprivation
type and area of residence in households across the country’s regions in 2022? What is the
degree of spatial clustering of households with ICT access across Argentina’s departments
in 2022? And what patterns of spatial autocorrelation, associated with low and high levels
of access, can be identified across the national territory in 2022?

To address these questions, the analysis first examines household coverage of comput-
ers (or tablets), cell phones with connectivity, and Internet access by deprivation category
and area of residence (as a proxy for potential differences in access among social groups),
considering their distribution according to the Household Material Deprivation Index
(HMDI) and the territorial area (urban-rural) at the regional level. Second, access to the
aforementioned ICTs is represented through thematic maps that illustrate the spatial distri-
bution of these digital technologies across the country’s departments. Finally, also at the
departmental level, the Moran’s Index—both global and local versions—is used to identify
patterns of spatial autocorrelation in ICT access.

This approach makes it possible to visualize how inequality in digital coverage is
spatially manifested as an expression of poverty, reinforced by the conditions of energy
infrastructure [8]. The methodological path presented enables the identification of digital
inequality patterns through an ecological approach that considers variables of ICT access,
material deprivation (as a proxy for the social group to which the household population
belongs), and geographic location, employing GIS-based analytical tools. This study aims
to provide updated empirical evidence and contribute to the development of geospatial
methodologies applied to the analysis of digital divides—an area of research that remains
relatively unexplored in Latin America and the Caribbean [17-19,21,22].

In the hypothesis of this study, it is proposed that the lowest levels of coverage will
be observed among households with greater deprivation, particularly those classified as
convergent (as defined in the methodological section) and located in rural areas. In line with
the estimates reported by previous studies [3,14,15], it is anticipated that spatial association
patterns (at the departmental level) linked to low access to ICT will be concentrated in
the Northwest (NOA) and Northeast (NEA) regions of Argentina, while clusters of high
coverage will be found in the populations of the Pampeana region and, especially, in the
Buenos Aires Metropolitan Area (AMBA).

The results are expected to guide public interventions aimed at promoting digital
inclusion and supporting community development in key areas closely linked to ICT access,
such as energy, health, employment, education, and mobility [23].
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2. Background and Theoretical Framework

2.1. Conceptualization of the Digital Divide Phenomenon in the World and in Latin America and
the Caribbean

ICTs, understood as tools, resources, and programs that facilitate the processing,
storage, and transmission of digital information, have become a fundamental component
for promoting human development [10,24,25]. In the digital era, devices such as computers
and mobile phones with connectivity, together with services such as the Internet, are key
elements in building sustainable societies [26], both in terms of economic growth and
progress in social equity and environmental promotion [27-29]. As noted by Lythreatis,
Singh, and El-Kassar [30], the potential of ICT related to innovation, inclusion, and resource-
use efficiency can have a significant impact on achieving the goals of the 2030 Agenda for
Sustainable Development.

From a resource management perspective, these technologies—by broadening access
to information and interaction among groups—enhance understanding in decision-making
related to consumption and production, which intrinsically contributes to economic growth,
poverty reduction, and improved living conditions [15,31]. In contrast, from a more
humanistic perspective [10], though not detached from the material conditions of people’s
existence, their incorporation contributes to collective well-being and social inclusion,
particularly in sectors such as education [1,11], health [32], employment [33], environmental
sustainability [29], and financial inclusion [34], among others. In this sense, ICTs act as
catalysts for more accessible and flexible educational processes (e.g., virtual classes), enable
access to remote health services (such as telemedicine), and foster new forms of work and
entrepreneurship (e.g., teleworking across various sectors), potentially reducing disparities
and promoting the formation of more equitable communities [35].

Globally, there has been an increase in the proportion of people and households with
Internet, computers, and/or mobile phones with connectivity; however, significant dif-
ferences in the availability of these tools persist, especially in countries lagging behind in
terms of sustainable development [36-39]. In the specific case of Latin America and the
Caribbean, although ICT coverage has expanded, by the beginning of the third decade of
the twenty-first century more than 40 million households still lacked connectivity, mainly
affecting the lowest income quintiles and rural areas [12,13]. Specifically, while in urban
areas the regional average of connected households reached 76.3% in 2023, in rural areas it
was 40.4%, and among the lowest wealth quintiles, around 25.7% [40—42]. Likewise, esti-
mates from the Economic Commission for Latin America and the Caribbean (ECLAC) [43]
indicate that despite increases in the percentage of households with fixed and mobile broad-
band, subscription rates remain significantly lower than in European Union countries, with
the widest gaps observed in fixed connections. The higher prevalence of mobile broadband
over fixed broadband is largely associated with lower subscription costs [43].

These heterogeneities are known as digital divides, generally understood as inequali-
ties between populations that have access to ICT and those that do not, or that have limited
or outdated access [15,37]. The lack of adequate coverage of such resources constitutes a
symptom of sociodemographic vulnerability, associated with populations experiencing
high levels of deprivation of current and patrimonial household resources, low income
and limited educational attainment among household heads [5,10,24,38], high rurality [16],
as well as restricted access to basic services (such as health) [32] and participation in
digital markets [31,34]. In this sense, specialized literature conceives these divides as a
contemporary manifestation of social marginality [39], closely linked to forms of energy
and multidimensional poverty [15], in which the most affected households face greater dif-
ficulties in sustaining processes of digital inclusion and, consequently, in participating fully
in society [33]. In particular, studies such as Wang et al. [26] point out that energy poverty
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increases levels of depression among individuals and reduces the perceived usefulness and
importance of the Internet—its use and appropriation as a key resource in contemporary
societies for the reproduction of capital.

In this regard, it is emphasized that the growing universalization of ICT access among
different social strata can paradoxically contribute to an increase in digital divides in the
region [10]. This is because, in order to truly reduce inequalities, it is necessary to promote
both objective conditions (such as the availability of updated devices and reliable energy
sources to ensure their use) and subjective digital conditions, related to the effective use and
real appropriation of these tools. If the expansion of coverage is promoted without parallel
development of digital skills that enable functional use of these technologies in areas such
as work, education, finance, or health, the gaps between those sectors possessing the
necessary capabilities to generate capital (human, social, economic, cultural, or symbolic)
and those unable to fully integrate into the digitalization of society and institutions will
widen [17,40,41].

In this context, the literature highlights that households with a computer tend to
exhibit higher levels of connectivity than those without one [44]. The availability of
such equipment is associated not only with higher access levels but also with greater
appropriation of ICT within the household, as it is often linked to higher digital skills
for developing activities aimed at generating and enhancing human capital—an aspect
that proved essential during the pandemic [45,46]. Consistent with this, computers (or
similar devices, such as tablets) show lower household penetration than mobile phones
with connectivity, since the latter offer greater versatility and require fewer technical skills
to operate. Specifically, previous studies [47-49] suggest that mobile phones with Internet
access are the most widespread technology among low-income households and individuals
as they are more affordable, portable, and easier to use than computers. Moreover, they have
the advantage of connecting to the Internet through mobile broadband, which means that
subscribing to a fixed broadband service at home is not required to gain connectivity [43].

The onset of the COVID-19 pandemic in the early 2020s marked the beginning of
a period characterized by profound changes in modes of human interaction, with ICT
becoming a key element across multiple dimensions of daily life, productive development,
and social organization [26]. However, this series of transformations also exposed the
significant divides in ICT availability and effective use across Latin America and the
Caribbean [3,13]. Before the pandemic, although these tools were already part of people’s
interaction networks, they had not yet become an essential pillar in shaping educational
and occupational trajectories, nor in other services and opportunities that are now closely
tied to population development [10,14].

Although since the 2010s there had been a steady increase in scientific publications
focused on studying digital divides, between 2015 and 2021, a notable rise in the frequency
of such works was recorded [10,50]. These contributions have focused on regional in-
equalities in coverage, the implementation of public policies aimed at promoting digital
inclusion, and discussions emphasizing that it is not only necessary to guarantee objective
access conditions to these tools, but also crucial to foster the development of digital skills
(subjective conditions) for their effective use in an increasingly digitalized world [41,51,52].

In recent years, in addition to classic quantitative studies estimating variations in
digital inequality and their dynamics across social groups, Latin American and Caribbean
literature has incorporated qualitative contributions, mostly developed from theoretical-
philosophical approaches [10,26,30,39,41]. These studies have specifically examined in-
dividuals’ perceptions of heterogeneities in ICT coverage and appropriation, as well as
analyses that, from epistemological and discursive perspectives, reflect on the implications
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of these divides for sustainable development, highlighting the relevance of both capitalist
and humanist perspectives in the debate on digital inclusion.

In contrast, the number of studies dedicated to examining digital disparities among
smaller population units (such as departments, municipalities, or census tracts) remains
considerably lower—both globally and regionally [17-20]. One of the main factors behind
this trend lies in the limited availability of data sources providing information on the
coverage or appropriation of these resources at more disaggregated geographic scales, since
this phenomenon has been predominantly studied through surveys and administrative
records [11-16].

2.2. ICTs and Digital Inclusion Policies in Argentina

In the specific case of Argentina, significant progress has been made throughout the
21st century in reducing inequalities in ICT coverage. By the early 2020s, the country
had positioned itself as one of the nations in Latin America and the Caribbean with the
highest levels of access [8,9]. Estimates by the National Institute of Statistics and Censuses
(INDEC) [53], based on data from the Permanent Household Survey for the fourth quarter
of 2024, indicate that approximately 60% of households have at least one computer and
over 93% have Internet access. At the regional scale, the lowest coverage levels are found
in the Northwest (NOA) and Northeast (NEA) of Argentina—areas that have historically
exhibited higher rurality, lower relative development, and greater sociodemographic vul-
nerability [54,55]. In contrast, the highest levels of access are observed in the Buenos Aires
Metropolitan Area (AMBA), Pampeana, and Patagonia—regions characterized by greater
urbanization and better living conditions, as evidenced by higher levels of production,
literacy, schooling, participation in the formal labor market, and, overall, lower levels of
material and income deprivation [56,57].

According to estimates from ECLAC [43], by 2023 approximately 93.1% of households
in the lowest income quintile had some form of connectivity, while coverage reached
98% among the highest-income households. Furthermore, ECLAC’s data indicate that,
beyond having higher broadband connectivity than the regional average (both fixed and
mobile), Argentina’s relative number of mobile connections is close to that of the European
Union—between 118 and 125 mobile connections per 100 inhabitants, respectively.

Most reports and scientific articles addressing this topic in Argentina have focused
on estimating quantitative indicators, typically disaggregated at the national or regional
scale, as they rely on data derived from surveys and administrative records [11-13]. Within
this framework, notable studies have analyzed ICT coverage and effective use according
to sociodemographic characteristics, examining the relationship between digital inequali-
ties and the population’s socioeconomic strata. Consistent with global and regional evi-
dence [15,31-35], these studies indicate that groups with higher education levels, belonging
to wealthier segments and generally residing in urban areas with better housing and in-
come conditions, tend to display higher levels of ICT access and appropriation [3,11,13,15].
Within this context, particular attention has been given to studies that examined the
dynamics of this phenomenon during the COVID-19 pandemic, comparing ICT access
in 2020-2021 with previous years or analyzing monthly variations during the health emer-
gency [1,3,12,14,55], as well as those addressing gender-based inequalities in ICT coverage
and appropriation during the same period [58,59].

Complementing these quantitative approaches, qualitative studies—mainly through
theoretical-discursive analyses, systematic literature reviews, and historical reconstructions
(often combined with quantitative indicator estimation)—have examined the implementa-
tion of digital inclusion policies in Argentina and their potential impact on expanding ICT
access [3-7]. Other works, such as those by Moreira et al. [60] and Benitez Larghi et al. [61],
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based on qualitative approaches using interviews and interpretive analyses, explore the
experiences and perceptions of actors involved in digital inclusion programs (such as
Conectar Igualdad), providing key insights into the processes of technological appropria-
tion and the persistence of inequalities in access and effective use of ICTs for human capital
and relative wealth generation.

More recently, the contribution by Batiston et al. [62], based on a series of open
interviews and the systematization of news and articles, examined the strategies em-
ployed by several public universities in Argentina to reduce digital inequalities during
the COVID-19 pandemic. The selected institutions were the National University of Salta
(UNSa), the National University of Rafaela (UNRaf), and the National University of the
Arts (UNA). This study, like most research addressing digital divides in the context of
the pandemic [1,3,45,46], suggests that despite the strategies implemented by the national
government and universities, differences in access to and effective use of digital tools
intensified (or at least became more visible), deepening inequalities across educational and
labor spheres, as well as in other rights, such as communication.

According to Califano [3], although pro-market policies during the 1990s promoted
an increase in access to basic telephone services, their implementation by the private
sector—primarily oriented toward guaranteeing coverage among more urbanized and
developed populations—contributed to widening the gaps, as they failed to address service
availability in rural and less developed areas. During the 2000s, a gradual shift began in
the State’s role, moving from a merely regulatory function toward greater participation in
planning and financing connectivity infrastructure, laying the foundations for the digital
democratization policies that would consolidate in subsequent years [4-7]. In line with this
shift, initiatives developed during the 2010s primarily aimed to ensure both the expansion
of ICT coverage (objective conditions) and the development of digital skills among the
population (subjective conditions), with the goal of promoting the effective use of these
tools in learning, social participation, and socioeconomic development processes [10-14].

Specifically, under Decree No. 1552/2010, the Argentina Conectada National Telecom-
munications Plan [4,5] was launched, promoting two key initiatives between 2010 and
2015 (during Cristina Ferndndez de Kirchner’s second presidential term) that contributed
to improving both the objective and subjective conditions for reducing digital divides:
(1) the deployment of the Federal Fiber Optic Network (REFEFO), operated by ARSAT,
aimed at addressing regional imbalances and extending broadband coverage to previously
disconnected localities; and (2) the Conectar Igualdad program, which distributed laptops
to secondary school students and teachers to foster technological and educational appropri-
ation. Subsequently, as noted by Califano [3], under the Federal Internet Plan, fiber-optic
infrastructure expansion continued between 2016 and 2019 (during Mauricio Macri’s presi-
dency), albeit with lower public investment [6,7]. Finally, with the onset of the COVID-19
pandemic (at the beginning of Alberto Fernandez’s presidency), Decree 690/2020 declared
telecommunications and Internet services as essential, reinforcing infrastructure and pro-
moting connectivity as a right to guarantee access to education, work, and basic services.

Within this framework, despite the progress achieved since 2010, the sudden depen-
dence on ICTs during the health emergency revealed significant inequalities among social
groups and between urban and rural areas across the country [12,14,45], as well as the
urgent need to develop specific strategies to reduce these disparities [1,50,51]. A key step in
this task is to generate indicators that provide information on ICT access for populations at
higher levels of spatial disaggregation—such as departments, municipalities, census tracts,
and blocks. However, since most studies rely on survey-based data, few have analyzed spa-
tial autocorrelation patterns at subnational divisions below the provincial level, employing
spatial association indicators such as the Global and Local Moran'’s Index [23,63-65].
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3. Materials and Methods
3.1. General Methodological Approach

This quantitative study employed a descriptive, ecological, and spatial approach to
analyze digital divides in households in Argentina during 2022. This methodological
framework facilitates the characterization of ICT coverage according to sociodemographic
characteristics, thereby enabling the identification of territorial patterns of inequality. These
patterns are derived through the utilization of geospatial and statistical tools.

A number of recent studies have demonstrated the value of spatial analysis in iden-
tifying concentrations of digital poverty and territorial segmentation of technological
infrastructure [8,9,13,23,64,65]. However, the utilization of this analytical approach in the
context of investigating inequalities in digital coverage in Argentina remains understudied.
In the context of this study, sociodemographic data from the 2022 National Population,
Household and Housing Census were integrated with Geographic Information System
(GIS) technology and the estimation of the Moran’s Index (global and local), with the objec-
tive of analyzing disparities in ICT access between regions in Argentina and identifying
spatial association trends at the departmental geographic scale.

The subsequent flowchart (Figure 1) illustrates the methodological approach employed
in the analysis of digital divides in Argentina during 2022.

Collection of microdata from the 2022 National
Population, Household and Housing Census of Argentina

Classification of households according to access to innformation
and communication technologies:
-Households with internet access at home.
-Households with access to a computer (o tablet).
-Households with a access to a cell phone with connectivity.

™

L . ; Descriptive analysis of ICT coverage - departamental
Descriptive analysis of ICT coverage - regional geographic scale:
geographic scale: -Descriptive analysis of access to selected ICTs using
-Classification of households with access to ICT " atic maps.
; , ac_ccmdu}g e -Estimation of spatial assosiation patterns using the Global
1) Type of deprivation: No deprivation, current i Lical Moz Trde (I
PRI deprjvaﬁ:-g, = geprlvatim 1) Global Moran's Index: Degree of clustering of similar
R i - i i units based on a single variable.
2) Area of residence: Urban, rural. 2) Local Moran's Index: Identification of statistically

\‘ significant spatial clusters based on a single variable.

Interpretation of ICT coverage levels according to household
characteristics and estimation of spatil assosiation patterns.

¥

Implications for the formulation of public policies aimed at reducing digital divides.

Figure 1. Flowchart for the study of digital divides in Argentina (2022).

3.2. Case Study: Argentina

Argentina has been observed to demonstrate higher levels of digital connectivity cover-
age in comparison to other countries within the Latin American and Caribbean regions [43].
This phenomenon can be attributed to the implementation of public policies aimed at miti-
gating digital divides, such as the Conectar Igualdad program and REFEFO [5-8]. However,
these initiatives have had limited success in addressing existing inequalities, particularly in
rural and peripheral regions [3,14]. The dearth of studies that have examined disparities
in access to ICTs in Argentina underscores the necessity to scrutinize their dissemination
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with respect to the sociodemographic characteristics of households (deprivation and area
of residence) and identify patterns of spatial autocorrelation at the departmental level. This
endeavor is undertaken with the objective of contributing to the formulation of efficacious
public policies that are targeted towards specific regions.

3.3. Data Source and Variables

The source of information used was the 2022 National Population, Household and
Housing Census, conducted on 18 May by the National Institute of Statistics and Census
(INDEC) [31], whose microdata were processed through the Redatam Web platform. The
main variables selected were: (1) The household has Internet access in the home; (2) The
household has a computer (or tablet); (3) The household has a cell phone with Internet
access. These variables were analyzed at two scales: regional and departmental.

3.3.1. Analysis at the Regional Scale

First, a comparative descriptive analysis was carried out among the six statistical
regions of the country (these are presented in Section 3.4. Sociodemographic characteriza-
tion of Argentina), differentiating the percentages of ICT access according to household
deprivation and residence characteristics [54,66] (Supplementary Materials). In the first
instance, households were classified according to the four categories of the Household
Material Deprivation Index (HMIH): (1) Households with no deprivation: they do not
present deficiencies in either of the two dimensions of the HMIH (current resources and
patrimonial), meaning that they have both sufficient economic capacity and adequate
patrimonial conditions; (2) Households with deprivation due to current resources: they
present insufficiency in their economic capacity to cover basic needs, although their patri-
monial conditions remain within the minimum adequate standards; (3) Households with
patrimonial deprivation: they present deficiencies in the patrimonial dimension, such
as inadequate housing or durable goods, but have sufficient current resources to cover
basic needs; (4) Households with convergent deprivation: they simultaneously present
deficiencies in both current resources and patrimonial dimensions, representing the most
intense form of material deprivation.

Households were also differentiated by area of residence: (1) Urban households:
located in localities with more than 2000 inhabitants or with a population density that
allows the concentration of services and urban facilities; (2) Rural households: located in
localities with fewer than 2000 inhabitants or dispersed throughout the territory, where
agricultural activities predominate and the concentration of services is lower.

This stage made it possible to identify general trends and regional differences, follow-
ing approaches similar to those proposed in previous studies [3,14].

3.3.2. Analysis at the Departmental Scale and Spatial Analysis

At the departmental level (528 units), in the first instance, thematic maps of the percent-
ages of households with access to the three ICTs considered for this study were constructed
using Quantum Geographic Information System (QGIS) 3.40 software. Subsequently, the
Moran’s Index (global and local) was constructed using GeoDa 1.22 software, with the
objective of detecting statistically significant spatial autocorrelation patterns [56,57].

By constructing the Moran’s Index in its global version, the degree of agglomeration
of units of analysis with similar characteristics by the same ICT coverage variable was
estimated. Values closer to 1 indicate a stronger positive spatial autocorrelation for the
variable. Consequently, the estimation of the Moran’s Index in its local version made it
possible to identify spatial clusters, i.e., units of analysis surrounded by neighbors with
similar characteristics for the same variable. The statistically significant units were classified
into: (1) High-High (areas with high access surrounded by similar areas; positive spatial
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autocorrelation); (2) Low-Low (areas with low access surrounded by similar areas; positive
spatial autocorrelation); (3) High-Low and Low-High (areas with opposite values to their
neighbors; negative spatial autocorrelation).

The queen contiguity criterion was used to define neighborhoods, considering as
neighbors those analytical units (departments) that shared at least one common point,
either a vertex or a boundary. This criterion was chosen because it captures all possible
neighboring relationships, including units that only touch at vertices. Unlike distance-based
matrices, queen contiguity ensures that no direct neighbor is excluded, which is essential
for accurately identifying spatial clusters of ICT access at the departmental level [64,65].
Furthermore, this approach is consistent with the literature on spatial autocorrelation and
inequality analysis, and it has frequently been applied even at the level of census tracts [63].
Statistical significance was evaluated using a threshold of p < 0.05.

3.4. Sociodemographic Characterization of Argentina

The Argentine Republic is characterized by the diversity of its populations, marked by
social and cultural differences that historically have been associated with its heterogeneous
levels of economic development and urban expansion [54]. At the subnational level, the
provincial geographic scale in Argentina is composed of 24 jurisdictions: 23 provinces
and the Autonomous City of Buenos Aires (CABA), which has a constitutional status
comparable to that of a province. In the case of the departmental scale, Argentina has
528 departments, which are intermediate administrative units between the provincial and
municipal levels.

The INDEC traditionally groups the provinces into six regions, whose distribution
is shown in Figure 2 and is organized as follows [66]: Buenos Aires Metropolitan Area
(AMBA): Buenos Aires and CABA; Northwest Argentina (NOA): Catamarca, Jujuy, La
Rioja, Salta, Santiago del Estero and Tucuman; Northeastern Argentina (NEA): Corrientes,
Chaco, Formosa and Misiones; Pampeana: Cérdoba, Entre Rios, La Pampa, Santa Fe; Cuyo:
Mendoza, San Juan and San Luis; Patagonia: Chubut, Neuquén, Rio Negro, Santa Cruz
and Tierra del Fuego.

Data from the 2022 Population, Households and Housing Census [54] indicate that the
country has 15,932,302 households (in private homes). Among them, 41% are concentrated
in the AMBA, 21% in the Pampean region, between 11% and 9% in the NOA and NEA,
and between 7% and 6% in Cuyo and Patagonia. In terms of territorial distribution (urban—
rural), 96% of households in the national total are located in urban areas. At the regional
level, all populations exceed 92% of households located in urban areas.

In relation to the distribution of households according to the HPI criteria, in the na-
tional average, 66% of households show no type of deprivation; 16% show deprivation due
to current resources; 10% have patrimonial deprivation; and 8% show convergent depriva-
tion. On a regional scale, AMBA, Pampeana, and Patagonia register 70% of households
without any type of deprivation. Consequently, between 14% and 19% show deprivation
due to current resources; between 7% and 9% show patrimonial deprivation; and between
4% and 6% show convergent deprivation.

In the case of Cuyo, 61% of households do not show any type of deprivation; 21%
show deprivation due to current resources; 9% have patrimonial deprivation; and 8% show
convergent deprivation. In contrast, in the NOA and NEA regions, between 49% and
51% of households do not show any type of deprivation; between 15% and 19% show
deprivation due to current resources; between 14% and 19% show patrimonial deprivation;
and approximately 17% show convergent deprivation.
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Figure 2. Map of Argentina differentiated between regions.

4. Results

Table 1 shows the percentage of households with access to the Internet, computers
(or tablets), and cell phones with connectivity in the regions of Argentina in 2022. On
average nationally, the ICT with the highest household coverage was the cell phone with
connectivity. In contrast, the computer (or tablet) was the technology with the lowest level
of access. Regarding Internet connectivity at home, the percentage of households with
access to this service fell between those with a cell phone with connectivity and those with
a computer (or tablet).

Table 1. Percentage of households according to access to Internet, computer (or tablet) and cell phone
with connectivity at regional level in Argentina during 2022.

Households with Internet Household with Computer Household with Cell Phone

Regions Access in the Home (or Tablet) with Connectivity
Argentina 76% 57% 89%
Buenos Aires Metropolitan o 0 0
Area (AMBA) 83% 62% 92%
Northwest Argentina (NOA) 62% 46% 83%
Northeastern o o o
Argentina (NEA) 60% 42% 84%
Pampeana 77% 58% 89%
Cuyo 73% 53% 89%
Patagonia 78% 63% 91%

Across the regions, at least 83% of households had access to cell phones with con-
nectivity; more than 60% had Internet access, and at least 42% had a computer (or tablet).
The regions with the highest coverage of digital technologies were the AMBA, Patagonia,
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and Pampeana. In contrast, the NOA and NEA were the areas most affected by the digital
divide, with lower levels of access to ICTs.

Figure 3 shows the percentage of households with access to the Internet, computer (or
tablet), and cell phone with connectivity, by type of deprivation, in the regions of Argentina
during 2022. Regardless of the type of deprivation, the technology with the highest level
of access in households was a cell phone with connectivity. In contrast, the computer (or
tablet) was the device with the lowest availability, and Internet access was located at an
intermediate point between the coverage of both devices.
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Figure 3. Percentage of households according to access to Internet, computer (or tablet), and cell
phone with connectivity by type of deprivation at the regional level in Argentina during 2022.

In line with the above, the greatest access to ICTs was observed in households with no
deprivation (both nationally and regionally), followed by those with only current resource
deprivation. In both types of households, there were similar levels of coverage of the
technologies studied. In contrast, households with patrimonial and convergent deprivation
had more limited access to digital technologies.

Consequently, it is noteworthy that the availability of cell phones with connectivity
registered the highest coverage thresholds among the ICTs analyzed. In addition, it pre-
sented similar access percentages in the four categories of household deprivation, both
in the national average and in the regions studied. In households without deprivation
and in those with current resource poverty, the percentage of availability of this service
was around 90%. In households with patrimonial and convergent deprivation, the values
ranged between 72% and 87%. This trend suggests that the cell phone with connectivity
was the ICT with the highest penetration level and the least inequality in its distribution
among the different types of households by deprivation.

In contrast, the availability of Internet and a computer (or tablet) showed marked
differences between households without deprivation and those with patrimonial or conver-
gent deprivation, especially in the NOA and NEA regions. In these two regions, computer
coverage in households with multiple poverty varied between 17% and 21%. In contrast,
in other regions with greater access (such as the AMBA, Pampeana, and Patagonia), the
percentages were between 28% and 32%. On the other hand, in households without any
type of deprivation according to regions, access to computers was between 56% and 71%,
while the availability of Internet in the home was between 74% and 87%.
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Figure 4 shows the percentage of households with access to Internet, computer (or
tablet), and cell phone with connectivity, by area of residence (urban—rural), in the regions
of Argentina during 2022. At the national and regional level, ICT coverage was notably
higher in households located in urban areas compared to those residing in rural areas. The
narrowest differences in access by territorial area were found in the case of cell phones with
connectivity, while the most pronounced gaps were identified in the case of computers
(or tablets). Internet access in the home presented intermediate coverage between the two
technologies mentioned (in both areas of residence).
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Figure 4. Percentage of households according to access to Internet, computer (or tablet), and cell
phone with connectivity according to territorial area (urban—rural) at the regional level in Argentina
during 2022.

The greatest inequalities between urban and rural sectors, as well as the smallest
percentages of access in both areas of residence, were found in the NOA and NEA regions.
In contrast, the smallest gaps between territorial areas were found in AMBA, Pampeana,
and Patagonia. In the urban areas of the national average and the aforementioned regions,
the percentage of households that hade a cell phone with connectivity was around 90%;
Internet access in the home reached approximately 80%; and computer (or tablet) ownership
was between 60% and 65%.

Figure 5 shows the percentage of households with access to the Internet, computer
(or tablet) and cell phone with connectivity in the departments of Argentina during the
year 2022 in thematic cartographies. The highest coverage was recorded in the case of cell
phones with connectivity, with values ranging between 90% and 95% in the fifth quantile.
This was followed by Internet access in the home, with a distribution of 80% to 94% in the
same quantile. In last place was the availability of computers (or tablets), which registered
values in the fifth quantile ranging from 50% to 89%.

Regarding the pattern of access to ICTs in the country’s departments, it was observed
that the three digital technologies presented similar coverage distributions among the pop-
ulations, although with different percentage intensities. In line with this, the two quantiles
with the lowest percentage of access to these technologies were mainly concentrated in
the departments of the NOA and NEA regions. Specifically, the lowest levels of access
(first quantile) were identified in the departments of the provinces of Santiago del Estero,
Jujuy, Salta and the northwestern area of Catamarca (NOA), as well as in the jurisdictions
of Formosa and Chaco (NEA). In the case of cellular access with connectivity at home, low
levels were also observed in some populations of Chubut (Patagonia).
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Figure 5. Map of percentage of households with access to the Internet, computer (or tablet), and
cellular with connectivity in Argentina’s departments during 2022.

In the case of the three quantiles with the highest ICT household coverage, their distri-
bution was mainly identified in the AMBA, Pampeana, and Patagonia regions. Specifically,
the departments with the greatest access (fifth quantile) were located in the jurisdictions of
CABA and Buenos Aires (AMBA), Cérdoba, Santa Fe, and La Pampa (Pampeana), as well
as in Santa Cruz and Tierra del Fuego (Patagonia).

Table 2 presents the level of spatial autocorrelation (based on the global Moran’s Index)
for the percentage of households with access to the Internet, computer (or tablet), and
cell phone with connectivity in the departments of Argentina during the year 2022. The
highest levels of spatial autocorrelation were recorded for household Internet access (0.71),
followed by computer (or tablet) coverage (0.69). The lowest degrees of agglomeration
of similar units were identified in the case of ownership of at least one cell phone with
connectivity (0.55).

Table 2. Global Moran’s Index according to percentage of households with access to Internet, com-
puter (or tablet), and cell phone with connectivity at the departmental level in Argentina during 2022.

Global Moran’s Index

Percentage of Households with Internet Percentage of Households with a Percentage of Households with a Cell

Access in the Home

Computer (or Tablet) Phone with Connectivity

0.71

0.69 0.55

Figure 6 shows in a series of cartographies the spatial autocorrelation patterns of the
local Moran’s Index according to the percentage of households with access to the Internet,
computer (or tablet), and cell phone with connectivity in the departments of Argentina
during the year 2022.
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Figure 6. Spatial autocorrelation map (local Moran’s Index) according to percentage households with
access to the Internet, computer (or tablet), and cell phone with connectivity in the departments of
Argentina during 2022.

In the first instance, it can be seen that the ICT that registered the highest number of
departments with positive spatial autocorrelation was Internet coverage in the home, with
a total of 235 positive clusters, of which 137 corresponded to departments with high-high
values statistically significant, while 98 departments showed low-low values. Consequently,
the technology that presented the second largest number of departments with positive
autocorrelation was the availability of at least one computer (or tablet) at home, with a total
of 191 positive clusters, of which 85 presented high-high values and 106 low-low values.

In the third instance, cell phone with connectivity at home was the technology that
presented the lowest frequency of cases with positive spatial autocorrelation, with a total of
177 positive clusters. However, this third ICT registered a greater number of clusters with
high-high values (115) compared to the coverage of computers (or tablets) in homes, as
well as a lower number of cases with low-low values. This particularity suggests a higher
penetration of this technology in households with respect to computers (or tablets), as well
as a lower territorial concentration of households lacking this resource.

Finally, when examining the distribution of the positive clusters, it can be seen that
the departments with low-low values were located mainly in the provinces of Santiago del
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Estero, Salta, and Jujuy (NOA), and in Formosa, Chaco, and part of Misiones (NEA). In
the case of cellular access with connectivity at home, this type of cluster was also found in
Chubut (Patagonia). In contrast, populations with positive autocorrelation and high-high
values were especially agglomerated in the provinces of Buenos Aires and CABA (AMBA),
Cordoba, Santa Fe, and La Pampa (Pampeana), and Santa Cruz (Patagonia).

5. Discussion

Currently, reducing digital divides is an essential component in promoting sustainable
development [24,25]. The expansion of ICT access has consolidated as a key factor in
economic growth [35], reducing social inequalities [10], and enabling the effective exercise
of human rights [32], especially following the pandemic, which amplified the role of ICTs
in people’s daily lives [1,45,46]. In this context, it is necessary to have precise indicators
to analyze household ICT access, considering territorial and socioeconomic inequalities,
in order to design targeted public policies for specific groups [3]. In line with this, the
present study provides estimates of ICT access in Argentine households (covering the
entire population), examining its distribution according to deprivation characteristics and
urban-rural residence (as proxies for differences between social groups [54]) at the regional
geographic scale, and identifying patterns of spatial association at the departmental level.

The main results indicate that differences in ICT coverage are associated with geo-
graphical disparities between regions [59], as well as with the type of deprivation and area
of residence of households [10-14]. Initially, the AMBA, Pampeana, and parts of Patagonia
regions exhibited the highest access levels, with mobile phone ownership with connectivity
leading, followed by home Internet access and computers (or tablets) (Table 1). In contrast,
NOA and NEA showed the lowest coverage levels, particularly for computers and Inter-
net access, although mobile phones maintained relatively high penetration compared to
other regions. These findings reflect interregional gaps, with populations in rural areas
and higher exposure to sociodemographic vulnerability—reflected in household depriva-
tion [53,54,56,57]—displaying lower ICT coverage. In this context, digital divides are not
only a reflection of poverty and social marginalization [58,59], but also a phenomenon that
contributes to reproducing these conditions among populations lacking access to these
resources [15].

Consequently, in line with previous studies [11,12], ICT access levels among re-
gions also vary according to the type of deprivation and area of residence (urban—
rural) (Figures 3 and 4). Households without deprivation showed the highest coverage,
followed by those with current resource deprivation, while households with asset depriva-
tion and convergent deprivation (both current resource and asset deprivation) had more
limited access, particularly to computers and Internet. Similarly, urban households had
higher access thresholds than rural ones, with mobile phones exhibiting smaller disparities
between areas, suggesting that this technology is more evenly distributed than the other
examined ICTs.

The trends indicated by the indicators reinforce the hypothesis that households lo-
cated closer to urban conglomerates [16,20] and with lower exposure to socioeconomic
backwardness [13-15] tend to have greater ICT coverage than those in rural areas more
affected by poverty-related characteristics [27,30,31]. These differences reflect not only
material inequalities but also structural mechanisms of social and territorial exclusion that
limit sustainable development. Lack of access to these resources is not only a manifestation
of multidimensional poverty but also a factor potentially restricting inclusion and social
mobility, reproducing the vulnerability conditions experienced by populations [15]. Within
this framework, implementing public policies aimed at reducing digital divides—at least
regarding overcoming objective availability conditions [41,45,52]—is fundamental to re-
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moving barriers limiting technological integration in a society increasingly dependent on
ICTs [10], as well as reversing conditions that reinforce these inequalities [23], particularly
among households most affected by material and convergent deprivation.

In line with the above, and considering the Argendata [67] data on the percentage
contribution of the gross domestic product (GDP) of Argentina’s regions and provinces
in 2022 (whose values are presented in Table A1 of the Appendix A), it was observed that,
as in the analysis of households according to type of deprivation and area of residence,
the regions that recorded the highest levels of access to ICTs were those that made a
greater relative contribution to national production and the economy: AMBA, Pampeana,
and Patagonia, respectively. In contrast, the populations that exhibited a lower relative
contribution to GDP were also those with lower levels of access to these technologies, a
trend that became more evident in the NOA and NEA regions. This pattern suggests that, as
noted by previous studies on the digital economy and development [68-70], the availability
and use of ICTs are closely linked to the level of economic development of territories. This
relationship has also been documented for countries in Latin America and the Caribbean,
where digital infrastructure and broadband expansion tend to be concentrated in the most
economically dynamic regions [71,72].

At the departmental level (Figure 5), thematic maps revealed a heterogeneous dis-
tribution of ICT access. Populations with the lowest access were identified in NOA and
NEA, with most cases concentrated in the first quintile, reaching maximum access levels
of up to 47% for Internet, 33% for computers (or tablets), and 77% for mobile phones. In
contrast, departments with higher coverage were located in AMBA, Pampeana, and parts
of Patagonia, predominantly in the third to fifth quintile, where the highest quintile showed
a minimum access of 80% to Internet, 57% to computers (or tablets), and 90% to mobile
phones. While differences exist between populations, the spatial disaggregation analysis
shows that the NOA and NEA populations exhibited a relatively homogeneous low-access
pattern (most departments in the lowest quintile), while AMBA showed uniformly high
coverage (most departments in the fourth and fifth quintiles), and other regions displayed
more heterogeneous ICT availability.

The most pronounced gaps between extreme quintiles (first and fifth) were observed
for computers (or tablets). This trend, similar to the regional analysis by deprivation type
and territorial area, suggests that although access to this technology has lower overall
penetration, its availability is concentrated in households less affected by deprivation,
closer to urban centers, and in populations with better overall welfare conditions [51-54].
In this regard, using the GDP estimates provided by ArgenData [67] at the provincial
level as a proxy for departmental differences (whose values are presented in Table 1 of
the Annex), it was observed that although the relationship between economic growth and
access to ICTs is not entirely solid in the populations studied (for example, in the case of
Santa Cruz, where GDP—although not the highest in Patagonia—is associated with the
highest ICT coverage thresholds in the region), the cases that contributed the most to the
structure of the Argentine economy (such as CABA and the Province of Buenos Aires in the
AMBA, or Cérdoba and Santa Fe in the Pampeana region) exhibited higher levels of access
to ICTs. In contrast, the populations with lower GDP contributions tended to show lower
levels of coverage of these technologies, as is the case in most of the populations analyzed
in the NOA and NEA regions.

Consistent with previous studies [45,46], this dynamic may be related to the fact that
households with this type of technology generally have higher digital competencies for
effective ICT use and more active participation in digital inclusion processes (subjective
conditions of appropriation) [47-49]. These households also tend to have higher educational
and income levels, lower vulnerability to housing deficits and inaccessibility to basic
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services (health, energy), and less exposure to social marginalization [11,29,32,33]. Despite
policies like the Conectar Igualdad Program, implemented since the early 2010s to provide
school computers, evidence shows that significant inequities in technology coverage persist
among the population [5,7].

Increasingly, mobile phones with connectivity are becoming the essential digital
inclusion technology, even in rural areas [43,69]. The lower availability of computers (or
tablets) compared to mobile phones may relate to the latter’s greater versatility. Previous
studies [47—-49] note that Internet-enabled mobile phones are among the most widespread
ICTs among households and individuals in vulnerable socioeconomic strata, being more
affordable, portable, and easier to use than other technologies, such as desktop or laptop
computers. The smaller gaps observed in mobile phone access—across deprivation types
and urban-rural areas—may be associated with their lower cost, multifunctionality, and
ease of developing digital competencies [73]. Additionally, mobile phones can access
the Internet via mobile broadband, eliminating the need for a fixed household Internet
connection. This trend is reflected in ECLAC estimates [43], which show that in both
the Argentina and the Latin America and Caribbean regional average, the smallest gaps
compared to EU countries are in mobile broadband subscriptions, contrasting with wider
disparities in fixed household Internet coverage.

High fixed Internet access in households of AMBA, Pampeana, and parts of Patag-
onia (observed in the fifth quintile in Figure 5) can be linked to public policies since the
early 2010s that promoted connectivity expansion as a key component in educational and
labor trajectories [5,7,21,62], recognized during the pandemic as essential under Decree
690/2020 [3]. However, despite these advances, the study found significant gaps in fixed
Internet access at the departmental level in NOA and NEA, as well as among rural house-
holds and by deprivation type at the regional level (Figures 2 and 3). While connectivity
policies may have partially reduced inequalities in more disadvantaged populations, their
deployment has not fully closed Internet access gaps, similar to the patterns observed for
computers (or tablets) [47—49]. The low fixed Internet coverage in some areas may also
be explained by the increasing preference for mobile broadband subscriptions over fixed
Internet at home, as shown by ECLAC estimates [43].

Spatial autocorrelation analysis reinforces the trends observed in thematic maps (Figure 5).
Global Moran’s Index estimates (Table 2) indicate high autocorrelation for Internet and
computers, while mobile phones showed lower clustering [63]. Local Moran’s Index pat-
terns (Figure 6) revealed low-access clusters in NOA, NEA, and some Chubut departments
(Patagonia), and high-access clusters in AMBA, Pampeana, and parts of Patagonia, partic-
ularly numerous in AMBA. Although mobile phones showed lower spatial clustering of
high-access cases than computers, they displayed a higher number of high-high clusters, in-
dicating more homogeneous penetration less dependent on household geographic location.

Overall, these findings indicate that, while ICT distribution inequalities persist, mo-
bile phones have the highest coverage and lowest inequity among Argentine households,
partially overcoming social and territorial exclusion mechanisms in high-vulnerability de-
partments. Mobile phone access emerges as a key technology to reduce digital inequalities
and mitigate multidimensional poverty and social marginalization. Their affordability
(cost-functionality ratio) ensures objective coverage, while ease of use and rapid adaptation
facilitate overcoming subjective barriers to effective appropriation in areas such as educa-
tion [16], work, health [32], and finance [33]. In contrast, computers (or tablets) show lower
household reach, with more limited portability, functionality, and ease of skill adaptation
for effective digital use [12,45,46].

Applying spatial association techniques was crucial for interpreting thematic maps
and ensuring the observed patterns were statistically significant rather than random. Global
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and Local Moran’s Indices were constructed to estimate the spatial autocorrelation of ICT
coverage, determining whether patterns reflected statistically significant spatial structure
(x? test, p < 0.05) or random distribution. Unlike descriptive spatial tracking (e.g., Figure 5),
the Global Index quantifies the degree of clustering, while the Local Index identifies
clusters of low and high prevalence, providing a solid basis for detecting areas with digital
vulnerability [23,63-65].

This approach represents a novel contribution for designing public policies to mitigate
barriers to sustainable development in specific populations, providing key information to
identify low- and high-access clusters at the departmental level [17-20]. It also supports
locating areas with other sociodemographic vulnerabilities linked to digital exclusion,
such as unfavorable educational conditions, current resource deficits, limited formal labor
participation, and insufficient energy infrastructure, among other determinants of social in-
equality. Identifying populations with lower coverage is essential for reducing inequalities,
as highlighted by Lythreatis, Singh, and El-Kassar [30], consistent with SDG 10 [23].

The data source was the 2022 National Population, Households, and Housing Cen-
sus [66], providing comprehensive coverage and high spatial resolution rarely used in Latin
American digital divide studies [17-19]. This approach overcomes the representativeness
limitations of household surveys [11,12,63], which only provide expanded samples for
regional and provincial averages, mostly covering major urban areas [53]. An additional
advantage is its potential replicability in other Latin American countries with georefer-
enced census data, facilitating regional comparisons and identifying sociodemographic
vulnerability clusters, reducing poverty and inequality, and promoting sustainable devel-
opment [15,39].

Compared to survey-based methodologies [11-15], this approach offers broader repre-
sentativeness, enabling the identification of digital exclusion patterns and poverty-related
characteristics at finer geographic scales (departments, blocks, and census tracts), allowing
more detailed future analyses. The data also enabled examining digital access by depriva-
tion type and residence area, proxies for social group differences in access [54]. Previous
regional and Argentine studies adopting similar approaches mostly relied on expanded
samples that did not fully capture urban-rural differences or household deprivation.

The 2022 Census microdata are newly available, so estimates of undercoverage are not
yet accessible, limiting quality assessment of the data used for indicator construction. A
notable limitation is the lack of variables on digital appropriation, essential for evaluating
effective digital inclusion [22]. Digital divides are influenced not only by objective ICT
coverage but also by subjective appropriation inequalities, linked to effective technology
use in increasingly digital environments—particularly post-pandemic—in education and
work [1,31,32], digital markets [33,34], health [35], and other areas where information
access and reproduction affect individual and collective performance. Several studies warn
that ICT expansion [45,46] without parallel digital skill development may paradoxically
deepen existing gaps, reproducing inequalities in the capabilities needed to leverage digital
benefits [10].

Due to differences between the 2010 and 2022 Census variables, temporal changes
and causal links between specific public policies and ICT access inequalities could not be
assessed. Internet connection type was also unavailable, limiting differentiation between
low- and high-quality connectivity [3]. Simple Internet access does not necessarily reflect
speed, stability, or continuity, which directly affect usage quality, digital participation
opportunities, and effective household inclusion. Future research should complement the
2022 Census data with specialized digitalization surveys to explore access patterns, service
quality, and ICT appropriation.
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Finally, a limitation in identifying spatial autocorrelation patterns is that the Moran’s
Index (Global and Local) was not estimated by household deprivation or residence area.
This prevented bivariate autocorrelation analysis between ICT coverage and selected
sociodemographic variables. Future work will incorporate this at departmental and census-
tract levels to deepen the understanding of access inequalities and support targeted public
policy design.

Identifying territorial digital exclusion clusters can guide infrastructure investment
and access programs in critical areas, combining connectivity strategies with interventions
in education and digital equipment provision [28]. The geospatial methodology can also
assess territorial accessibility to other essential services dependent on digital connectiv-
ity, including telemedicine, virtual education, smart energy management, environmental
monitoring, and water and gas management [8,74]. Applying this methodology in other
countries can contribute to SDG progress assessment [23].

6. Conclusions

This study found that ICT access gaps in Argentina in 2022 were linked to household
deprivation conditions and urban-rural residence (proxies for social group differences [54])
at the regional level. Analysis of relative frequencies and spatial autocorrelation patterns in
smaller population units showed some homogeneity in access inequalities among depart-
ments within particular regions.

NOA and NEA regions had the lowest technology access, especially in rural areas
and among populations with high deprivation, particularly those with asset and conver-
gent deprivation. These regions exhibited homogeneous digital exclusion clusters at the
departmental scale. In contrast, AMBA, Pampeana, and parts of Patagonia showed higher
ICT access associated with lower deprivation and rurality. In line with the above, the GDP
data provided by Argendata [67] made it possible to identify that the regions contributing
more substantially to the country’s economic structure recorded higher levels of ICT ac-
cess (AMBA, Pampeana, and Patagonia), whereas populations with a lower contribution
exhibited lower levels of coverage of these technologies.

Mobile phones with connectivity emerged as the most widespread ICT, while com-
puters (or tablets) remained the least accessible, especially in high-deprivation, rural areas.
Mobile phone penetration relative to computers is associated with affordability, portability,
multifunctionality, and the ease of developing digital skills for effective appropriation in
highly digitalized contexts—particularly post-pandemic—such as education, work, basic
services (health), and participation in digital markets [47-49].

GIS and spatial association techniques identified spatial autocorrelation patterns,
distinguishing high- and low-access areas. Georeferenced census data at the departmental
level proved useful for analyzing digital coverage gaps spatially, especially in smaller
territorial units. Estimating these patterns revealed statistically significant digital exclusion
and concentration clusters, providing empirical evidence beyond visual map interpretation.

Future research should deepen the analysis of digital divides using the 2022 Census
and specialized digitalization surveys, examining both access patterns (objective conditions)
and appropriation (subjective conditions). Departmental and census-tract-level analyses,
particularly in highly populated urban agglomerations, should evaluate associations be-
tween access conditions and sociodemographic vulnerability, considering deprivation
dimensions and urban-rural residence, using bivariate spatial autocorrelation patterns and
Moran’s Index (Global and Local).

These findings provide a novel contribution for targeted public policy, identifying
priority areas for digital infrastructure investment, educational programs, and technology
provision to reduce structural inequalities and promote digital inclusion. Full census
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representativeness and high spatial resolution allow replicating this approach in other
Latin American and Caribbean contexts, supporting regional comparability and SDG
monitoring [23].
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Appendix A

Table Al. Relative contribution, expressed as a percentage, of the regions and provinces to Argentina’s
Gross Domestic Product (GDP) in 2022.

Relative Contribution, Expressed as a Percentage, of the Regions and Provinces to Argentina’s Gross Domestic Product

(GDP), 2022
AMBA
52.2%
Buenos Aires CABA
32.5% 19.7% 24
NOA
7.9%
Catamarca Jujuy La Rioja Salta Santiago del Estero Tucuman
0.6% 1% 0.6% 1.9% 1.8% 2.0%
NEA
4.9%
Corrientes Chaco Formosa Misiones
1.3% 1.6% 0.6 1.3% /11
Pampeana
20.2%
Cérdoba Entre Rios La Pampa Santa Fe
8.5% 2.8% 1.1% 7.8% 2
Cuyo
5.6%
Mendoza San Juan San Luis
3.3% 1.3% 1% 2
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Table Al. Cont.

Relative Contribution, Expressed as a Percentage, of the Regions and Provinces to Argentina’s Gross Domestic Product

(GDP), 2022
Patagonia
9.2%
Chubut Neuquen Rio Negro Santa Cruz Tierra del Fuego
1.9% 3.5% 1.4% 1.4% 1.0% "
National Total (Argentina)
100%

Source: Data obtained from Argendata [67].
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