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ABSTRACT: This study aims to investigate the impact of household access to the internet and
computers on the proficiency of low-income 12th-grade students who participated in the ENEM
between 2015 and 2023. This quantitative research collected a sample of 1.5 million students that was
analyzed to test hypotheses using statistical models, focusing on isolating the net effect of internet and
computer access on students' scores. The study period was marked by significant changes, including the
COVID-19 pandemic. The analyses provided evidence on the importance of these technological
resources for students' proficiency. Additionally, the findings revealed that home internet access alone
has a small yet positive impact. However, the combination of home internet and computer access leads
to a significant increase in student proficiency, with even greater effects observed during and in the years
following the pandemic. Variables such as gender, maternal education, and race also influenced
proficiency. Female students exhibited lower performance, as did those whose mothers had lower levels
of education. Conversely, white students demonstrated higher performance in the exams, reflecting the
effects of social inequalities and exclusionary processes on education in the country. The results highlight
that digital exclusion significantly impacts students' performance in the ENEM, suggesting that policies
aimed at expanding access to technology in the home environment could have positive effects on
Brazilian education.
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EXCLUSAO DIGITAL E SEUS IMPACTOS SOBRE A PROFICIENCIA NO ENEM: UM ESTUDO COM
CONCLUINTES DO ENSINO MEDIO DE BAIXA RENDA ENTRE 2015 E 20231

RESUMO: Este trabalho tem como objetivo investigar o impacto do acesso domiciliar a internet e ao
computador na proficiéncia de alunos de baixa renda do 3° ano do ensino médio, que participaram do
ENEM entre 2015 e 2023. Esta pesquisa quantitativa com uma amostra de 1,5 milhao de alunos, testou
hipéteses utilizando modelos estatisticos, focando em isolar o efeito liquido do acesso a internet e ao
computador na nota desses alunos. O periodo do estudo foi marcado por mudangas significativas,
incluindo a pandemia de COVID-19, e as analises apresentaram evidéncias sobre como essas condi¢es
tecnologicas possuem importancia para a proficiéncia dos alunos. Se o acesso a internet em casa,
isoladamente, tem impacto pequeno, porém positivo, a combinacao de acesso domiciliar a internet e ao
computador resulta em um aumento significativo na proficiéncia dos alunos, sendo ainda maior durante
e nos anos posteriores a pandemia. Varidveis como género, escolaridade da mie e raca/cor também
demonstraram impacto sobre a proficiéncia; mulheres tiveram menor desempenho, assim como
estudantes cujas maes possuem menor escolaridade e, por outro lado, candidatos autoidentificados como
brancos apresentaram maiores notas do que negros, o que reflete os efeitos das desigualdades sociais e
dos processos de exclusio observados na educagao escolar no pais. Os resultados evidenciam que a
exclusio digital tem impacto significativo sobre o desempenho dos estudantes no ENEM de forma que
politicas para ampliar o acesso as tecnologias de informacao e comunicacao (TIC) no ambiente domiciliar
podem ter impactos positivos sobre a educagao brasileira.

Palavras-chave: inclusiao digital, acesso a internet domiciliar, computador, baixa renda, proficiéncia
escolar.

EXCLUSION DIGITAL Y SUS IMPACTOS EN LA COMPETENCIA ACADEMICA: UN ESTUDIO CON
ESTUDIANTES DE BAJOS INGRESOS PARTICIPANTES EN EL ENEM ENTRE 2015 Y 2023

RESUMEN: Este estudio busca investigar el impacto del acceso domiciliario a internet y a la
computadora en la competencia académica de estudiantes de bajos ingresos del ultimo afio de educacion
secundaria que participaron en el ENEM entre 2015 y 2023. Esta investigacion cuantitativa analizé una
muestra de 1,5 millones de estudiantes para evaluar hipotesis mediante modelos estadisticos, con un
enfoque en aislar el efecto neto del acceso a internet y a la computadora en los puntajes de los alumnos.
El periodo de estudio estuvo marcado por cambios significativos, incluida la pandemia de COVID-19.
Los analisis proporcionaron evidencia sobre la importancia de estos recursos tecnoldgicos en el
rendimiento académico de los estudiantes. Ademas, los resultados indicaron que el acceso a internet en
el hogar, por si solo, tiene un impacto pequefio pero positivo. Sin embargo, la combinacién del acceso
domiciliario a internet y a la computadora genera un aumento significativo en la competencia académica
de los estudiantes, con efectos aun mayores durante y después de la pandemia. Asimismo, variables como
el género, el nivel educativo de la madre y la raza influyeron en la competencia académica. Las estudiantes
mujeres presentaron un desempefio inferior, al igual que aquellos cuya madre tenfa un nivel educativo
mas bajo. Por otro lado, los estudiantes de raza blanca obtuvieron mejores resultados en las pruebas, lo
que refleja los efectos de las desigualdades sociales y los procesos de exclusion en la educacion del pais.
Los hallazgos evidencian que la exclusion digital tiene un impacto significativo en el desempefio de los
estudiantes en el ENEM, lo que sugiere que las politicas orientadas a ampliar el acceso a la tecnologfa en
el entorno doméstico podrian tener efectos positivos en la educacion brasilefa.

Palabras clave: inclusion digital, acceso a internet domiciliario, computadora, bajos ingresos,
competencia académica.
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INTRODUCTION

Sustainable Development Goal (SDG) 4 of the UN 2030 Agenda proposes quality education
for all. However, its achievement, among other factors, is related to the opportunities and challenges
posed by technology. This factor became even more evident with the COVID-19 pandemic (UNESCO,
2024), which impacted 1.6 billion students through school closures in 194 countries (Gottschaw & Weise,
2023). The pandemic suddenly forced educational institutions to adapt quickly to distance learning, facing
challenges ranging from technological infrastructure to student demotivation, which increased feelings
of difficulty and concern about achieving the desired learning outcomes (Sutiah et al., 2020).

Given this scenario, reflections on the importance of digital inclusion intensified, especially
in the home environment, which was crucial during social isolation. As families adapted to remote
learning, low-income students were disproportionately affected (Gottschaw & Weise, 2023; Gil Quintana
& Vida De Leén, 2022; Gu, 2021; Prince Torres, 2024), as they lacked the basic conditions to participate
in virtual classes, such as an internet connection, equipment, or adequate physical space. In Brazil, more
than 5 million students remained isolated at home without access to remote school activities (Bauer,
2021). For these young people, the pandemic became synonymous with a rupture with the school system,
as it limited access to educational content and teaching platforms, contributing to unsatisfactory
performance in educational assessment exams and, consequently, in the selection processes for entry into
higher education, a crucial stage for entering the job market (Izquierdo et. al., 2023).

Although some actions have been implemented to make education more inclusive, such as
reviewing teaching materials, teacher training, and incorporating innovative technologies, unequal access
to the internet and computers remains relevant (UN, 2024), impacting low-income groups (Boeren,
2019).

Data from the Center for Studies and Research (Cetic-Centro de Estudos e Pesquisas), linked to
the Internet Steering Committee (CGI-Comité Gestor da Internet) and considered the main source of public
statistics regarding internet use in Brazil, demonstrated growth in internet access, from 58% in 2015 to
84% in 2023, and in home computers, from 38% in 2019 to 41% in 2023. However, when looking at
data from class D, only 60% had daily internet access in 2022, and only 11% of households had a
computer. Among class A, 93% had access in the period (Cetic, 2023), which reveals great inequality.
The pandemic triggered several initiatives, accelerating the expansion of broadband access, particularly
in educational institutions. The Management Board of the Telecommunications Services Universalization
Fund (FUST-Conselho Gestor do Fundo de Universalizagao dos Servigos de Telecomunicagies) approved an
expansion through Rule 16 of April 3, 2023 (Anatel, 2023). However, a broader policy is needed, given
the need to ensure access not only in schools but also in the homes of all students.

Digital inclusion can be understood as the action of providing equitable access to digital
technologies and opportunities to engage with them appropriately, which includes digital literacy (Wang
& Si, 2024). Conversely, digital exclusion consists of unequal access to and use of these technologies
(Méndez-Dominguez et al., 2023). Prioritizing digital inclusion means ensuring that all students have
essential resources, such as internet-connected devices, to allow learning to extend beyond school and
into the home (Aguilar et al., 2020).

Initially, digital exclusion was studied as a restriction on access to infrastructure, the internet,
and equipment, with access to these resources implying digital inclusion. However, problems of inequality
persisted with the advancement of coverage in developed countries, suggesting that access alone does
not result in a digitally inclusive society. In this sense, developed countries began to focus on the forms
of use and the skills required for digital inclusion. Even in these countries, where internet access is
widespread, the type of connection and equipment used for access is quite unequal, constituting a barrier
to inclusion (Van Deursen & Van Dijk, 2015). While countries like Finland, Norway, and Denmark have
high rates of digital presence, other European countries, such as Romania and Bulgaria, have much lower
levels, revealing levels of inequality even within European countries (Cruz-Jesus et al., 2010).

The digital exclusion, even in a scenario of growing internet access, reveals persistent social
inequalities, not only in the educational context. Lower-income users still have limited access to the
internet due to the quality of access, unstable and low-speed connections, and the type of device used for
access, predominantly cell phones. In rural areas, the lack of internet access makes access to banking and
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public services unfeasible, also making access to digital educational services inaccessible (Lasisi &
Ogunsina, 2025). This limitation not only impedes educational development but also reduces
opportunities for professional and cultural advancement, further increasing social exclusion (Correa et
al., 2022).

In Brazil, the results of the National High School Exam (ENEM - Exame Nacional do Ensino
Médjo) serve as an indicator of academic proficiency across four knowledge areas and in writing,
facilitating admission to both public and private higher education institutions. The ENEM comprises
multiple-choice questions that assess the following areas: Languages, Codes, and their Technologies;
Natural Sciences and their Technologies; Human Sciences and their Technologies; and Mathematics and
its Technologies. Candidates’ proficiency in each of these tests is measured on a scale from 0 to 1000.
The essay component, which is a constructed-response item, is also scored on this same scale; however,
unlike the multiple-choice tests, Item Response Theory (IRT) is not applied to evaluate this section. This
study aims to determine whether low-income students in their 3rd year of high school who have access
to the internet and a computer demonstrate greater proficiency in the ENEM's multiple-choice areas
compared to those who do not have such access, thereby examining the impact of digital exclusion on
exam performance and, consequently, on the ability of this demographic to access higher education.

In this research, digital inclusion will be considered in terms of access to digital resources
(the internet and computers) in the home environment, without addressing digital literacy, a relevant
aspect for the educational process. This focus is justified by the methodological approach adopted, which
consists of a quantitative study based on data from the Anisio Teixeira National Institute of Educational
Studies and Research (INEP-Iustituto Nacional de Estudos e Pesquisas Educacionais Anisio Teixeira), which does
not address literacy. However, since infrastructure is crucial for literacy, the research results seek to
contribute to this field by highlighting gaps in secondary education in Brazil and providing support for
the development of educational policies to address these gaps.

This introductory section outlined the research context and its objective. Then, we show a
literature review covering digital inclusion and specifically the relevance of internet access to this
inclusion. The third section presents the research's methodological procedures, which consisted of a
quantitative study with open-source data collection and statistical and computational modeling to support
the research hypotheses. The fourth section presents the research results and discussions, followed by
the fifth section's concluding remarks and research contributions.

LITERATURE REVIEW
Digital Inclusion and Internet and Computer Access

In the mid-1990s, amidst a wave of increasing globalization and the rapid expansion of the
internet in the United States, the concept of “digital exclusion” gained prominence, highlighting how
access to technology could facilitate economic and social inclusion. This viewpoint emerged for three
primary reasons: the rise of a new economy centered around information and networks; the escalating
significance of Information and Communication Technologies (ICT) in this evolving landscape; and the
notion that access to these technologies could determine the line between exclusion and inclusion in the
emerging socioeconomic era (Warschauer, 2003).

This networked society configuration brings the challenge of providing access to ICT,
especially for lower socioeconomic segments, giving rise to the term “digital inclusion” (Yu, X., Liu, S.,
2022; Sant'Ana et al., 2021). Not being part of the digital and technological world exacerbates inequality
and social exclusion (Cooper, 2010). To ensure the effectiveness of digital inclusion, it is primarily
necessary to eliminate inequalities in opportunities for technological access and connectivity to devices
and networks, including the internet, to consequently develop the skills necessary to use technological
resources (Morte-Nadal & Esteban-Navarro, 2022). This challenge extends to all citizens, regardless of
the region where they live, whether in an urban or rural context (Gallardo, 2019). Therefore, ICTs begin
to affect social structures and all domains of the social system are transformed, as the internet becomes
a universal tool for interactive communication (Castells, 2000).

Connecting digitally can create spaces for discussion and knowledge exchange, and even
economic activities, contributing to social and economic development (Izquierdo et al., 2023; Bustillo &
Aguilos, 2022; Engelbrecht et al, 2020; Sujarwoto & Tampubolon, 2016; Koutroumpis, 2009).
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Specifically at the educational level, access to these technological resources has become vital for
successful participation in society (Goldhammer et al, 2016), as staying connected and constantly
studying (lifelong learning) has become a mandatory task for those who want to maintain sustainable
qualifications for the academic or professional market.

However, inequality in access to the internet and equipment has been an obstacle even in
developed countries, leading to different levels of technological skills, with those who use the internet
for any purpose developing greater computer skills (Lei & Zhou, 2012). From a different perspective,
mere internet access will not guarantee meaningful use of the resource; sociodemographic variables
influence usage, and, for example, lower-income people tend to use the internet for entertainment, while
higher-income people access more informative and educational portals (Zhang, 2015). A study conducted
between 2005 and 2016 in Italy showed that access to technologies such as the internet and computers
increased over time, but inequality between different segments of the population persisted, especially in
the southern region of the country and among families with less educated heads of households (D1 Pietro,
2021). Thus, the variables region and the head of houschold's education level emerge as relevant for
understanding the processes of digital exclusion. Urban or rural location and home infrastructure are also
relevant (Gu, 2021; Kartiasih et al., 2023), as is family income (Rajam et al.,, 2021). In developing
countries, the expansion of cell phones and smartphones increases the number of users with internet
access. However, data from Indonesia showed that other variables, such as educational level, age, and
income, determine the use of this resource. More educated, higher-income, and younger people are those
who actually access the internet. That is, although a broader study population had access, they did not
use it (Puspitasari & Ishii, 2016). At the country level, a relationship between education level and internet
use is also observed, with countries with families whose parents are educated having more widespread
and significant internet use (Billon et al., 2021). Gender inequality is also relevant in assessing the digital
divide, with women being the greatest victims (Adeleke et al., 2022). Considering the nature of internet
use, a study conducted in 29 European Union countries demonstrated that access to digital services is
related to education level, while recreational use is related to user age (Elena-Bucea et al., 2021). However,
the influence of sociodemographic factors was shown to be inconsistent in a study conducted in Asian
and African countries on internet use on mobile devices (Vimalkumar et al., 2021).

Bandwidth is an important factor to consider. Although internet access may have increased,
there is persistent inequality in terms of the quality (availability and speed) of the service consumed across
regions (Hilbert, 2016). Another point observed is that the type of internet access influences equitable
and true digital inclusion. A study conducted in Chile between 2018 and 2020 showed that people who
use both cell phones and computers develop more significant digital skills over time, compared to those
who use only mobile devices. The use of mobile devices, while expanding internet access because they
are easier to acquire, can limit the digital skills acquired, as activities performed on these devices tend to
be more restricted, while on computers, engagement tends to be broader and more sophisticated (Lima
& Araujo, 2021; Correa et al., 2022). Access to the internet via cell phones and tablets does not reduce
digital exclusion, as inclusion would imply full access to the different digital systems available, from social
networks to public health and education services, and interaction with these systems is optimized, or
sometimes possible, only via computers, evidencing social stratification (Faith & Hernandez, 2024).

A study conducted in southern Brazil found that having a home computer can reduce school
failure, but internet access can demotivate and distract students (Reed & Reay, 2015). The impacts of
technology go beyond academic performance; a study of Chinese students showed that those with
internet access at home scored higher than those without it on computer and internet self-efficacy,
attitudes toward technology, and learning (Lei & Zhou, 2012), highlighting the multidimensionality of
the topic.

Importance of ICT in the teaching and learning process

ICT has driven the creation of educational content and distance learning platforms (Hermida
& Bonfim, 2006). Over the years, new ways of distance learning have been created, using the internet as
a means of making educational content available and interacting, such as Moodle in 2001, OCW - Open
Course Ware in 2002, Khan Academy in 2008 (a non-governmental organization that produces and
distributes educational videos over the internet), YouTube Edu in 2009 which provides online lectures,
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Udemy, Udacity and Coursera, digital platforms that offer massive online courses and are becoming
popular among students and professionals (Filatro, 2022).

ICTs are seen as allies in the classroom (Engelbrecht et al., 2020) because they make classes
more engaging and enable more independent learning. Students can quickly access up-to-date
information through automated search engines that aid the teaching and learning process and make
classes more meaningful and engaging (Lima & Araujo, 2021). Many institutions and teachers do not use
ICT in their classes. Although there is great potential, adequate implementation in schools still faces many
challenges, such as a lack of equipment, teacher training, and a lack of perspectives on how to use it to
ensure students understand the significance of technological adoption in the educational context
(Almeida et al., 2023).

While there are numerous benefits to integrating technology in education, a significant
challenge lies in adequately preparing teachers to adapt their pedagogical approaches and effectively
incorporate these new tools. Ongoing professional development for educators is essential for the
successful use of Information and Communication Technology (ICT) and plays a key role in fostering
students' cognitive development (Lima & Aradjo, 2021). It is crucial to equip teachers with the skills to
utilize technology, transforming them into knowledgeable mediators who can navigate the complexities
of the school environment and establish guidelines that extend beyond the classroom. With the
incorporation of ICT in the learning space, a notable shift occurs: students take on a more autonomous
role, enhancing their critical thinking abilities, while teachers transition into facilitators of the learning
process (Costa et al., 2019).

A study of internet use conducted with 140 children by the Black Child & Family Institute
concluded, after six months, that children who used the internet more scored higher on standardized
reading achievement tests than those who used it less (Jackson et al., 2006). Another study, with students
from the Murcia region of Spain, assessed the perception of 2,734 secondary school students regarding
the benefits of the internet for their educational learning, and 68% perceived benefits. Most of the sample
mentioned that they believed teachers should use the internet more in class, as the use of visual resources,
such as videos, facilitates learning. On the other hand, the 32% of students who did not perceive internet
use in class as beneficial believe that it can distract them and hinder their progress on homework, causing
them to lose focus. This study also concluded that low-income families make less use of computers and
the internet, reinforcing the urgency of digital inclusion to reduce inequality (Pagan et al., 2018).

The urgency of addressing inequality in access to technology becomes greater with Artificial
Intelligence (Al), which is present in daily tasks (Balaban et al., 2023; Choi et al., 2023). Al is a subject of
research in educational studies, addressing topics such as the potential downsides of using these
technologies, personalization; risks and benefits of use; best practices for students and teachers; among
other topics. Given the above, it is clear that the application of ICT has evolved significantly in recent
decades, in different spheres, especially in education. However, discussing the applications of Artificial
Intelligence, robotics, and personalization is complex when underlying problems, such as restricted access
to technological infrastructure, still persist. Therefore, considering the study objective and the literature
reviewed, the conceptual research model is proposed (Figure 1).

Figure 1 - Conceptual Research Model

Quality

Digital Inclusion Education

Home internet
and computer
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This is reinforced by the studies of Jackson et al. (2000), Lei and Zhou (2012) and Pagan et
al. (2018), which sought to understand the influence of internet access on the development of students'
skills, as well as identify its benefits for educational learning, hypothesis H1a is proposed:

Hypothesis 1.a: Having home internet access positively influences student proficiency.

The literature suggests that home internet access can increase exposure to varied and up-to-
date educational content, allowing students to study and prepare better, and consequently be better
prepared for exams such as the ENEM (National High School Exam). Furthermore, internet access
facilitates the acquisition of knowledge and skills, as well as improving students' self-confidence in
meeting academic demands (Lei & Zhou, 2012; Correa et al., 2022). The type of access device (cell phone
or computer) influences student outcomes (Damiani et al., 2016; Araujo, 2019), with greater gains in the
development of digital skills among students who combined use of a computer and cell phone than those
who used only a cell phone, considering that computer access offers a more robust study environment,
allowing the use of educational software and platforms and the performance of more complex activities
that would not be possible using a cell phone (Lei & Zhou, 2012; (Cotrea et al., 2022; Jackson et al.,
2000). Thus, hypothesis H1b is proposed.

Hypothesis 1.b: Having home access to the internet and a computer enhances student proficiency.

Finally, to determine whether these technologies are important and lasting factors over time
for the target audience—low-income students in their final year of high school—hypothesis Hlc is
proposed:

Hypothesis 1.c: Having home access to the internet and a computer is a relevant factor, compared to other
variables, year after year, for student proficiency.

METHODOLOGICAL PROCEDURES

To achieve the objective of this study—to determine whether home internet and computer
access influence low-income high school students' proficiency on the ENEM, the research population
was defined as individuals who registered for the exam, attended both days of administration, and scored
on all four objective tests. The data were obtained from results published by INEP, which included, in
addition to proficiency scores, responses to the questions on the registration questionnaire from 2015 to
2023. The time series began in 2015, as from that year onward, the exam registration questionnaire
standardized some questions, particularly questions Q024 (computer access) and Q025 (home internet
access), allowing for comparison of data between the years considered.

During the investigated period, there were over 49 million registrations for the ENEM,
totaling 49,839,303. Out of these, approximately 33 million participants, specifically 33,295,732,
completed the four objective tests. Records with missing information were excluded, which did not
significantly affect the distribution of the variable means, resulting in 32,601,016 valid entries. Among
these, around 10 million participants (10,366,389) were in their final year of high school, with half of
them coming from families with an income of less than or equal to 1.5 minimum wages. This low-income
population, totaling 5,148,898 students, is the primary focus of this research. Given the substantial
amount of data, a random sample of 30% was selected from the low-income participants in their final
year of high school, amounting to 1,544,670 graduating students. Outliers in student scores, constituting
approximately 1% of the sample, were disregarded, resulting in 1,529,177 valid scores. By concentrating
on students in their final year of high school, this sample aims to reduce biases compared to other profiles
participating in the test, such as those taking practice exams, those who have already graduated, or those
who did not complete high school and were not enrolled at the time of the exam.

The statistical analyses performed used the Python computing environment. During the data
preparation phase, observations with missing values were excluded. Due to the new guidelines of the
General Data Protection Law (LGPD-Lez Geral de Protecao de Dados), starting in 2020, INEP stopped
publishing the variable “state of residence” (the Federal Unit where the candidate resides). Therefore, for
2020 to 2023, the state of residence was estimated using the variable “state of the test location.” From

Educ. Rev. |Belo Horizonte|v.41|e60604|2025



this, the variable REG_UF was created to indicate the region of residence (North, Northeast, South,
Central-West, Southeast).

For categorical variables such as gender, region, type of school, race/color, parental
education, home infrastructure, and family size, among others, binary dummy variables were created (0
= absence of the attribute and 1 = presence of the attribute), as recommended by Géron (2017).
Furthermore, binary descriptive variables of interest to answer the research questions were created as
follows:

I: 1 if the participant has home internet access, 0 if not;

C: 1 if the participant has access to a computer at home, 0 if not;

e So6I: 1 if the participant has internet access but does not have a computer at home, 0 if
not;

e S6C: 1 if the participant does not have internet access and has a computer at home, 0 if
not;

e JeC: 1 if the participant has internet access and has a computer at home, 0 if not.

e nlenC: assumes 1 participant has neither a computer nor internet access at home, 0 if

not;

This binary variable, IeC, can provide insights into the type of equipment a participant uses
to access the internet. For example, if a participant has both a computer and internet access, this may
indicate that they use the computer to access the internet. According to Damiani et al. (2016) and Araujo
(2019), the type of device used to access the internet is a relevant aspect for analyzing test performance,
noting that computer use was associated with lower school failure rates.

Finally, to define a dependent variable representing student proficiency for applying the
statistical models of this study, the variable NU_MEDIA was created, calculated as the arithmetic mean
of the scores on the four tests:

* NU_NOTA_MT: grade in Mathematics and its Technologies;

* NU_NOTA_CH: grade in Human Sciences and its Technologies;

* NU_NOTA_LC: grade in Languages, Codes, and their Technologies;

* NU_NOTA_CN: grade in Natural Sciences and its Technologies.

The complete list of variables analyzed in the study can be found in the supplementary material. In the
data analysis, predictive models based on linear regression were developed, with the response variable (y)
being the average scores of students on the four objective-level ENEM exams (NU_MEDIA). The
explanatory or independent variables (x) included factors related to access to technology (computer and
internet), as well as sociodemographic aspects such as gender, parental education, region of residence,
race/ color, type of school (public or private), family size, and home infrastructure. Home infrastructure
was deemed incomplete if the residence lacked at least a microwave, washing machine, refrigerator,
bathroom, and two bedrooms. The Variance Inflation Factor (VIF) was calculated to assess the presence
of multicollinearity among the independent variables in the linear regression model. No such issues were
detected, as all variables exhibited values below four, indicating a strong adherence to the model.
Initially, a linear regression model was applied using the ordinary least squares method to each

year of the data series, estimating a linear function of the typey =b_0 +b_1 x_1 + [...+b] i X_d,
where b_0 is the model constant, or vertical intercept, b_1 represents the slope, demonstrating the
relationship between x and y, and x_1 is the value of the independent variable 1. This model aimed to
identify whether the access variables (s6l, s6C, and IeC) and sociodemographic variables had a linear
relationship with the students' ENEM results. Next, a linear regression model with panel data was applied
to the explanatory variables of access (s6l, s6C, and IeC) and gender, maintaining the other
sociodemographic variables as control variables. The fixed-effects model is an extension of linear
regression applicable when there are specific groups, individuals, or units in which the effects are to be
controlled. One way to implement this approach is by incorporating dummy variables, transforming them
into binary variables (0 = absence of the attribute or 1 = presence of the attribute). These dummy
variables allow the model to control for fixed individual or group effects, capturing the specific variation
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associated with each unit or group. By including fixed effects, it removes the influence of constant
individual or group characteristics, focusing on the variation between individuals. In the problem at hand,
each year has a different set of students taking the ENEM (National High School Exam), meaning there
are no repeated observations over time for the same individuals. Thus, independent models were created
for each year to compare results and account for the factors that influence student scores over time. The
aim was to neutralize the effect of socioeconomic context on exam scores by controlling the estimates
for the number of people living in the same household, parental education, racial differences, and other
socioeconomic characteristics. Once the effect of the vatiables for race/color, gender, region, type of
school attended, mother's and father's education, family size, and home infrastructure are controlled, the
remaining effect found in the parameters of the technology access variables can be interpreted as the
closest effect that home access to the internet and computers has on students' grades.

From a methodological perspective, this research employed statistical models, including ordinary
least squares (OLS) linear regression and fixed-effects models, to estimate associations and potential
impacts of specific variables on the analyzed educational outcomes. It is crucial to acknowledge the
particularities and limitations of these approaches within the field of Social Sciences and Humanities.
While these models facilitate statistical control over some observable heterogeneity and, in certain
instances, allow for the isolation of conditional effects, they do not entirely resolve issues related to
endogeneity, the omission of relevant variables, or selection bias. Moreover, the use of the term "impact"
must be approached with caution; in the absence of a rigorous experimental or quasi-experimental design,
such inferences cannot be regarded as causal in a strict sense. Therefore, "impact" should be understood
as an indication of statistical significance. In the context of education and the humanities, the complexity
of social phenomena necessitates the integration of qualitative approaches to gain deeper insights into
the meanings, processes, and contexts involved, which often elude quantitative metrics. Consequently, it
is acknowledged that the statistical models employed here provide a pertinent yet limited analytical
approximation of the educational reality being investigated.

RESULTS

Considering the sample of low-income students, we observed that the majority come from
the Northeast region (45%), followed by the Southeast (27%), North (13%), and South and Central-West
(7% each). In terms of race/color, there is a predominance of brown (54%), followed by white (27%),
black (14%), Asian (2%), and indigenous (2%). The majority of students are women (63%), and 93%
attended public high schools. The maximum family income is 1.5 minimum wages, with 52% having a
family income of up to one minimum wage, 40% between one and 1.5 minimum wages, and 8% having
no income. Regarding parents’ education, 34% had mothers with incomplete elementary education, 34%
with completed high school, and 17% with completed elementary school; only 7% of mothers had higher
education, and 3% had never attended school. From the fathers’ perspective, 41% of students had fathers
who had incomplete elementary education, 23% had completed high school, 14% had completed
elementary school, only 4% had higher education, and 6% had never attended school. It is noteworthy
that 5% of mothers and 13% of fathers did not know their children's educational level, which may suggest
that the students live with other family members or guardians other than their parents. In terms of home
infrastructure, 78% of students reported living in a home with incomplete infrastructure, that is, with less
than one bathroom, two bedrooms, a microwave, a washing machine, and a refrigerator. Regarding family
size, students live in 51% of households with families of 3 to 5 people, 35% with families of fewer than
3 people, and 14% with families of more than 5 people.

First, multiple linear regression was applied as an initial approach to assess the significance
of computer and internet access, holding the other variables constant. The first model considered only
the technology access variables (s6l, s6C, and 1eC), with general equation 1.

Yy = by + bssiXssi + bsscXsoc T DiecXiec, Where, (1)

y = student's average score on the Enem exams
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bo= constant, vertical intercept, that is, the value of y when the other vatiables have a value
of zero.

bgs;= angular coefficient for the variable s61 (internet access)

bssc = slope for the variable s6C (computer access)

biec= cangular coefficient for the variable IeC (internet and computer access)

x= independent variables onlyl, onlyC and IeC

Table 1 shows the regression coefficients for the model's explanatory variables. Positive
coefficients indicate that the presence of ICT resources increases the average ENEM score. In all years

of the time series, access to ICT positively influences student performance on the exam.

Table 1 - Result of the model with the variables of interest: s61, s6C and IeC

Variables Year

X 2015 2016 2017 2018 2019 2020 2021 2022 2023
Intercept | 461.71%0F | 467.32%FFF | 470.82F%F | 486.99%F | 462490 | 458.18F | 451.31%0F | 465.310F | 462.64%+*
sOlL 8.3k 9.59kk 10,7148k 10.81 %k 10,6444k 13.57 %k 13,52k 14. 51k 1476
s6C 16.67*%¢ 16.50%%* 19,148k 19.694%k 21.61%+* 30.61%+* 24,394k 18.9(pk 24,09+
IeC 23,104k 24 97k 28.28Hkk 29,124k 32,3244k 40.96%+* 41.08%+* 39.171%4% 41.58%+*

Notes: *** p-value < 0.01; ** p-value <0.05; *p-value<0.1

The results demonstrate that, without considering the effect of sociodemographic variables,
all access variables were significant (p-value < 0.01); these variables have a statistically significant effect
on the model's dependent variable (Enem score). The coefficients represent the increase in points in the
students' average score, always considering all other variables constant. For example, in 2015, if a student
had only internet access (s61 = 1) and the other variables were equal to zero, there would be an increase
of 8.36 points in the Enem average.

A second linear regression model was estimated, considering not only the access variables
but also the students' sociodemographic variables, as shown in equation 2.

y = bo + b1x1 + -+ b23X23, where (2)

y = average student score on the Enem exams

by= constant, vertical intercept, that is, the value of y when the other variables have a value
of zero.

b, to by3= angular coefficients of variables 1 to 23

Table 2 shows the regression results, focusing on the coefficients of each variable and their
statistical significance. The interpretation of the coefficients associated with each variable is the number
of points that variable adds to the student's grade, assuming all other variables remain constant. Regarding
gender, being female is associated with a reduction in grades, with female students showing, on average,
lower proficiency on the exam over the nine years. This result is in line with previous analyses and studies
by Monteiro (2022), Moraes et al. (2022), and Dutra et al. (2023).

By region, students in the Southeast and South regions perform better than the North, which
serves as the reference region. The coefficients for the Southeast in 2023 suggest that students living in
this region achieve, on average, 21.47 points more than students in the North, and students in the South,
17.32 points more, which is consistent with the literature that highlights digital inequality in rural and
remote regions (DiPietro, 2021; Gu, 2021; Kartiasih et al., 2023).

The type of school attended has proven to be significant, as students in public schools
consistently demonstrate lower proficiency scores compared to their counterparts in private schools. This
finding aligns with the research conducted by Feijé and Franga (2021), which underscores the disparities
between public and private education and highlights the increasing influence of family background in
mitigating these inequalities. Within the family context, factors such as parental education and family size
have shown notable impact. Feij6 and Franca (2021) further indicate that the influences of class, teachers,
and the school environment have become less critical in explaining performance differences, thereby
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allowing individual attributes—particularly family background—to take on a vital role in elucidating
performance inequalities.

The higher the parents' education level, especially the mothet's, the higher the student's
average grade. The coefficient for the variable “Mae_ESup_mais” (mother with higher education or
more) was 16.91 points in 2015 and increased to 23.78 in 2023. This increase suggests that the mothet's
education level began to have an even greater influence on the student's grade, expanding the
understanding of this issue, initially reported in the work of Feij6 et al. (2022), who assessed the net effect
of the contribution of patrents' education on their children's education in 2017. Like gender and type of
school, family size also impacts grades, with the larger the family, the greater the negative impact on the
student's average grade.

Considering the technology access variables, the variable “s61” (access only to the internet)
was statistically significant in all years, with a 2.13-point increase in grades in 2015 and 6.55 points in
2023, suggesting a positive impact on student performance. Although significant, the impact of “s61” is
smaller than that of “IeC,” suggesting that having only internet access contributes less to student grades.

For the variable “having access to the internet and a computer at home” (IeC), there was a
significant and growing impact on grades, especially during the COVID-19 pandemic, with coefficients
exceeding a 20-point increase in ENEM scores, reaching 23.38 in 2021. This demonstrates the
importance of these technologies for academic performance (Jackson et al., 2006; Correa et al., 2022).
Table 2 contains this data set.
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Table 2 - Results of the model with all explanatory variables

Variables 2015 2016 2017 2018 2019 2020 2021 2022 2023
Intercept 4777 (prx 485,97k 488.38%** 483,99+ 47837k 476.80%+* 463.30%* 469.68%** 468.13%+*
Internet and computer S61 2.1 Btk 3, 5(pekk 4,1 3k 4,20k 3,60pk 5.64%+ 6.59%+* 7.007%% 6.55%**
Ref: nTeNC S6C 10,245 9,970k 11,420 11.06%%* 12.66%%* 18,99k 15,57k 10,09k 12,62k
TeC 11,4775 13,198k 14,877 15.23%%k 16.46%* 2054k 23,38k 20).58x% 20.09%*
Gender Female -7.63%%x -10.05%%* -8.79%kx -8.88%xx -8.40kx -17.15%%¢ -11.39%kk -8.63%kx -9.07%k
Ref: male
Race White 5,30k 5.30%+* 5.78%+* 7.1 8k 8.97Hxx 12.28%k* 11,4900k 12.28%kk 14,778k
Ref: race_other Brown 0.40 0.38 0.30 0.47 0,978k 2.8 5%k 2.2 5%k 2,07k 3,02
Region Midwest 4,56k 3,97k 6.7 400k 4 47k 7.7k 7.80%F* 5.43#4* 5.09%¢* 7.78r**
Ref: North Northeast 4.9 71kk 5.05%+* 5.34%¢x 5.49%+x 7.1 3k 7.22%%% 9. 54pk0kk 8.83%x 7.87k
Southeast 12,207 10,90k 13,267 12.93%kk 14.45%%k 19.12%0kk 19,38k 20).32%%% 21 .47k
South 11,49k 9. 2(pkk 12,3770k 10,3408k 13,58k 18.53%kk 14,840k 13,47k 17,3240k
Type of school escpubl -28.18%kk -28.071%kk -29.96%k* -10.807#k* -32.26%%k -31.37%0kk -28. 1400k -24.87%0kk -37.85%%k
Ref: escpartic
Mothet's education Mae_elem_incompl 648k 5.49%¢x 6.3 5%k 6,647k 7.16%0k 9.42%¢% 8.23%¢x 8.971%¢x 9.86%**
Ref: unknown_mother Mae_elementary 9,83tk 8.78%+x 9.6k 10,9717k 11.07%0k¢ 13.75%kk 11.22%0kk 12.63%kk 14,907k
Mae_highschool 14.53%k 13,9408k 14,0717k 15,777k 16.60%* 18,58k 15,840k 18,100k 20.99%%
Mae_higher_ed 16.91%k¢ 16.02%k* 16.80%H* 19,577k 19,99k 2210k 16.66%* 20.09k 2378k
Fathet's education Pai_fund_incompl 0.48 0.33 130k 0.57* 1.45%%k -0.26 -0.22 0.56 1.06
Ref: unknown_father Father_elementary 2.8k 3,200k 3 4 5%k 4 33tk 3,97k 2.96%** 3,15%** 3204k 3.55%%k
Father_highschool 6.58%kk 6.7 8k 7530k 7598k 8.26%F* 5.99%+x 5.97%xx 6.80%F* 7.99%kk
Father_higher_ed 13.93%kk 12.76%%¢ 142405k 16.46%¢ 15.13%kk 14.76%kk 11.86%¢* 12,3940k 15.25%kk
Family size Size5Smedperson -3.70%kx -3.28%kx -3.50%kx -3.70%kx -4 39k -4.29%k -4 27k -4.86%Hk -5.471%kk
Ref: tam3pessoaspeq Size6bigperson -8.39%xx -8.00%** -8.69%kx -8.81%kx -8.90%k* -9.68%+* -9.81%kx -10.07%kk -11.42%0kk
Home Infrastructure Infra_basicincomplete | 1.23%** 1.00k 1.4k 0.42 1.67%%k 0.9 5%k 2.7 2¢0kK 3,7 3otk 6.0
ref: infra_basiccomplete
Low income Incomel.5 6.97+k* 6.59%** 7.35%k% 8.06%¥* 7.86%F* 10.877%kk 9.66%Hk 11,180k 12,88k
Ref: income_0to1

Notes: x1 s6l; x2= s6C, x3= leC; x4= female, x5 = white race; x6 = brown race; X7 = central-west region; x8 = northeast region; x9 = southeast region, x10 = south region; x11 = public
school; x12 = mother's education: incomplete elementary school; x13 = mother's education: complete elementaty school; x14 = mothet's education: high school; x15 = mother's education:
higher education; x16 = father's education: incomplete elementary school; x17 = father's education: complete elementary school; x18 = father's education: high school; x19 = fathet's
education: higher education; x20 = average family size; x21 = large family size; x22 = incomplete basic household infrastructure; x23 = income greater than 1.5 minimum wages. Ref: reference
category, which receives the code zero in the modeling
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A fixed-effects regression model was applied, one for each year, to understand the gross and
net influence that access to technology (computer and internet) at home has on the dependent variable.
Initially, only the technology access variables and the gender variable (female=1) were introduced as
explanatory variables to assess the effect of gender differences on performance; the other demographic
variables were not considered in the model, as was done in the study by Feijé et al. (2022). Equation 3 is
the estimated regression for this model.

y = bO + bséixséi + bsécxséc + biecxiec + bfemxfem (3)

The coefficients of each variable of interest in each year estimate how much each variable
increases the student's average grade when compared to the student who does not have internet or a
computer (nlenC) in that year, as shown in Table 3. Without evaluating the effect of the other variables,
it is noted that all of them have a significant p-value, with having internet and a computer or just internet
increasing the student's performance, while being female reduces the grade in all years, which highlights
gender inequality (Adeleke et al., 2022).

Table 3 - Effect of internet and computer access on average grade, without control

Variables x Ano

2015 2016 2017 2018 2019 2020 2021 2022 2023
Intercept 466.5%8% | 4T73,61%k% | 476.25%%k | 492 30%kk | 467,670 | 469.39%kk | 458 316k | 470, 42%k% | 467 .95%kk
561 8.4G%kk | 9 (@HH* 10,777 10.89%* 10.67%* 13,51k 13.66%#* 14,53k 14,59k
IeC 22.87#k% | 24 55%k% 27.86%** 28.65%+* 31.81%k% 39,79k 40.59%k* 38.68%k* 40.85%+*
Female ST AR |9 TR 8.4k -8.35%kk -8.01 %k -16.83%k% | _1(0.93%#k | 7 TRk Z7.91 kK

Note: *** p-value < 0.01; ** p-value <0.05; *p-value<0.1

The fixed effects model was then estimated considering the same explanatory variables
(gender and access variables), but adding the effect of the sociodemographic control variables (Equation
4).

Y = by + bgsiXssi + bsscXssc + DiecXiec + bfemxfem + Wi (4)
Where:

y= is the average score on the four objective tests of individual i, with fixed effects Qi;

bgsi = is the regression coefficient indicating the net effect of the individual having only
internet access at home;

bssc= is the regression coefficient indicating the net effect of the individual having only a
computer at home;

biec= is the regression coefficient indicating the net effect of the individual having internet
access at home and owning a computer;

Qi = is a set of individual fixed effects, Qi = (vr + s + po + de + Am + @p + Tf + ®u) are
the fixed effects of individual i of race r, sex s, resident in region o, student at school type e, whose
mother has m education level, and whose father has p education level, with family size f and home
infrastructure u, on the average score;

As in the previous model, access to ICT is statistically significant in the period considered in
the time series, with a positive influence on the grade. By including the gender variable, it is observed
that being female reduces test performance, which reinforces the problem of gender inequality. We
sought to identify the net effect of technology access variables, isolating the effect of sociodemographic
variables. Taking 2020 as an example, the student who had access to a computer and internet at home
(IeC) scored an average of 20.54 points higher than the student who did not have internet or a computer
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(nlenC). Meanwhile, the student who only had internet access scored an average of only 5.64 points
higher.

Comparing the gross and net effects, students who had access to the internet and a computer
(IeC) consistently scored higher over nine years than those who had neither, with a more significant
increase in 2021, of 23.38 points.

Those who had only internet access and no computer at home (S61) scored higher than those
who did not have both (nlenC), but the difference was less significant, with 2022 being the year with the
largest difference, reaching 7 points. Over the years, there was a gradual increase in the net effect of the
internet and computer (IeC) on student scores, particularly since 2020. Figure 2 shows that technological
resources affect students' ENEM results, with the net effect being that which discounts the effect of
other control variables (gender, parental education, etc.). thus, it can be seen (figure on the left) that
access to the internet only (6.54 points more for the student who has this resource) has an important
effect; however, for the internet and computer, the effect is even more relevant (20.09 points more for
students who have both resources at home) (figure on the right).

Figure 2 - Comparison of the gross and net effect of having internet and internet and
computer on the average Enem score

Sol impact over the years IeC impact over the years
4,53-14,59

_10,77-10,89=10,67 r31,81

g 46,9,68 f27,86—28,6

’ -7 - 22,87245 23,38 o
- -
— - — - . — - ~
-
2015 2016 2017 2018 2019 2020 2021 2022 2023 2015 2016 2017 2018 2019 2020 2021 2022 2023
— = Gross points == = Net Points — = Gross points == == Net Points

The research hypotheses can be evaluated as presented in Chart 1. Statistical analyses,
examining the average results of the ENEM exams, indicate that students who have access to technology
in their homes perform better. Consequently, hypotheses 1a, 1b, and 1c have been validated. These
findings underscore the importance of educational policies aimed at enhancing infrastructure in schools,
while also promoting efforts to develop improved conditions in the home environment. The digital
divide, defined as the net effect of access to the internet, a computer, or both, reveals that low-income
students lacking these resources face significant disadvantages when compared to their peers with access,
resulting in inequities even within this demographic. Although the study did not explore other income
classes, it can be inferred that the disparities would likely be even more pronounced in those groups,
consequently worsening social inequality and exacerbating the existing challenges within Brazilian society.
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Chart 1 - Examination of research hypotheses

Hypothesis Result

Hl.a: Having home internet access positively influences student

. Proven
proficiency.

H1.b: Having home access to the internet and a computer enhances

. Proven
student proficiency.

H1.c: Having home access to the internet and a computer is a relevant

. . roven
factor compared to other variables, year after year, for student proficiency.

FINAL CONSIDERATIONS

The main objective of this study was to investigate how internet and computer access
influence the proficiency of low-income students in their third year of high school. Proficiency was
calculated as the average score on the four objective-based ENEM (National High School Exam) exams,
for a sample of 1.5 million students between 2015 and 2023.

Literature suggests that internet access at home can increase exposure to varied and up-to-
date educational content and, additionally, allow students to study and prepare better for exams, such as
the ENEM (National High School Exam), thereby achieving better academic proficiency. It also
improves students' self-confidence in meeting academic demands, as mentioned in the studies by Lei and
Zhou (2012) and Correa et al. (2022). However, the research results reveal that there are many inequalities
and challenges related to the use of these technologies in Brazil.

To answer the research question, three hypotheses were analyzed regarding the impact of
home access to technologies, such as the internet and computers, on the proficiency of low-income
students on the ENEM (National High School Exam). First, we sought to understand the isolated effect
of internet access. Then, we analyzed the effect of both the internet and computers. Finally, we also
analyzed the impact of these two technological resources over time. In all cases, we identified evidence
of the positive impact of technology on student proficiency.

After controlling for the effect of other variables, we obtained the net effect of the condition
"having internet access and not having a computer at home" compared to the condition "not having
internet access or a computer." The net effect decreased significantly compared to the gross effect, falling
from 14.6 to 6.6 points in 2023, indicating that the influence of other variables is relevant to the score.
Nevertheless, this condition exerts a positive effect when compared to the condition of not having
internet or computer access, and remains positive throughout the analyzed period.

Internet access alone is not the most significant variable in explaining the score. This suggests
that having internet access at home alone does not appear to be sufficient to promote substantial
improvements in student proficiency on the ENEM. However, access to both the internet and computer
resources is the most relevant variable. When calculating the net effect of the condition “having internet
access and a computer at home,” controlling for the effects of the other variables, a positive and
significant relationship is observed across all years. In 2023, although more than 84% of Brazilians aged
10 and over had internet access, only 41% accessed the internet via computer, and among the study
population, this percentage was 23% (Cetic, 2024).

The significance of home internet and computer access remained substantial from 2015 to
2023, even after accounting for various socioeconomic factors. By 2021, the net effect of having both
internet access and a computer at home on student grades was particularly pronounced, with students
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benefitting from these resources scoring an estimated 23.4 points higher than their peers without either
device. During the pre-pandemic period of 2015 to 2019, the average net effect was 14.2 points, which
increased to 21.2 points in the post-pandemic period. Furthermore, the analysis confirmed that the
importance of these resources remained high, consistently ranking among the top factors influencing
grades in six out of the nine years studied. Notably, the only exception occurred in 2019, 2020, and 2023,
where the relevance of gender was found to have a greater impact on academic performance.

Women are more likely to take the ENEM in less favorable socioeconomic contexts than
men. In general, they obtain lower grades and have less access to digital technologies, which adds
complexity to the problem, as in addition to the digital divide, there is also the effect of gender inequality.

Internet access only via cell phones can limit engagement when the purpose of access is
academic (Damiani et al., 20106), and policies that encourage not only internet access at home but also
access to more suitable devices for studying, such as computers, are relevant for this population. The
availability of better computing resources increases digital inclusion and can ensure the development of
digital skills, so necessary in this increasingly connected society, where Artificial Intelligence (Al) is the
main focus.

Through Al professions will need to adapt, and many new products and services will emerge,
including in the educational field. Al can exponentially enrich the learning experience by creating
personalized educational content that meets the individual needs of each student. For example, Al
algorithms can analyze student performance in educational activities and automatically generate tailored
materials to strengthen areas where students have specific challenges. Therefore, given this digital and
technological reality, policies must be implemented to ensure equitable access to these resources,
promoting equal educational opportunities and helping to reduce socioeconomic inequalities in the
genuine pursuit of achieving SDG 4, quality education, of the UN 2030 agenda.

Regarding the limitations of this work, it is worth noting that the starting point for this study
was the information obtained from the INEP questionnaire administered to ENEM applicants. Most of
the available variables were associated with the family's socioeconomic background, the individual's own
characteristics, and the type of school (public or private). However, starting in 2020, the General Data
Protection Law (LGPD) came into effect, establishing rules for the processing of personal data by
companies and entities, to protect citizens' privacy and ensure the security of their personal data.
Therefore, the information that INEP made available in its databases identifying the school attended by
the student was omitted to prevent possible identification of the student by cross-referencing this
information. Regarding the individual, motivational issues, which can lead to greater or lesser engagement
in studies, were also not taken into account. There is literature suggesting that motivational aspects impact
performance (Dutra et al., 2023), and these aspects should be identified and studied in depth in future
research.

Other factors that may contribute to exam proficiency are suggested for future studies, such
as understanding internet access in terms of network quality; the quality of student computer use, to
determine whether some distinct digital capabilities and skills may lead to unequal use (digital literacy);
and understanding motivational factors for having a computer at home, which may lead to greater or
lesser engagement in studies.

Furthermore, a qualitative approach with interviews could be applied, considering students
and school professionals, as a way to gain an in-depth understanding of why home access to ICT is so
important and how it can be leveraged to improve educational development in the country. Such
interviews could also generate recommendations for questions to be incorporated into the ENEM
registration form to collect this data and address some of these gaps.

This work contributes to the literature by providing analytical evidence on the importance of
access to technology in the proficiency of low-income students, based on a sample of 1.5 million students,
which is representative of the population, and can serve as a basis for future research and public policy.
Furthermore, it highlights that ensuring internet connectivity and adequate devices is crucial to providing
equal opportunities for low-income students, minimizing learning delays.
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