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Abstract
About half of the world’s population remains without access to internet in an era of 
digital transformation. In this study, we aimed to investigate the impact of imple-
menting the use of logic and mathematics through digital literacy on a population 
of elementary school students in a town in Northeast Brazil. In a non-randomized 
experimental longitudinal intervention study, 5th-grade students were followed dur-
ing one semester. They underwent observational testing during class with the use 
of scales to evaluate their activities in a digital environment, and they were evalu-
ated with respect to their ability to use digital devices. A logic/math assessment was 
applied prior to and at the end of the course for intervention group and compared to 
a control group. Questionnaires were used to assess the educators’, legal guardians’ 
and students’ perceptions on digital habits and their respective sociodemographic 
features. The intervention consisted of a 16-h long course developed consisting of 8 
2-h long classes which focused on digital technology, digital culture, and computa-
tional thinking. The students had a strong interest in the classes. Although some stu-
dents did not have prior contact with computers, their development was outstanding. 
Digital literacy competencies and technology-use behavior increased throughout the 
semester independent of family income and use of digital devices at home. Students 
progressively improved their interaction with the computer (e.g. touchpad and typ-
ing skills) and their confidence in the digital environment. Students’ scores on the 
logic/math assessment showed significant improvement. This was not observed in 
the control group, demonstrating the importance of this type of intervention even 
with one provided by a 16-h course.

Highlights
• 16 hours of a digital literacy course can help improving math and logic skills
• Digital confidence of 5th-grade students increased throughout the semester
• Students’ computer interaction improved independent of digital culture at home
• Digital classes keep students motivated in a rural school of a developing country
• We present a digital literacy course suitable to be applied to other digital exclusion locations
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1  Introduction

Disruptive digital technologies (e.g., machine learning, crowdsourcing) have prompted 
new forms of daily practice (Flavin, 2017) and their impacts on the economy and gov-
ernment affect the society at different levels. The new era induced by digital transfor-
mation requires early investment in young people as readiness is crucial to accompany 
the constant change in all societies (Chowdhry et al., 2020). For one to be prepared 
within this new paradigm, it is essential to develop skills in the digital world and 
strengthen interest in the Science, Technology, Engineering and Mathematics (STEM) 
fields (Bekker et al. 2015).

Digital exclusion has become one of the multiple forms of social segregation and it 
is present in developed and underdeveloped countries. There is still a lack of practical 
and plausible digital literacy strategies for rural and/or remote scenarios. As a result, 
the digitally excluded population may fail to take advantage of online services that 
could overcome geographic barriers e.g., online education, health services, shopping, 
tax/bureaucracies transactions, transport, and digital economy (Freeman & Park, 2015; 
Park, 2016).

Furthermore, this has been well documented with the ongoing pandemic of SARS-
CoV2, whose impact in education has recently been unveiled. Students in both Brazil 
and the United States are being left behind because of the lack of access to computers 
and to the internet. There is potential to adopt e-learning in some locations. Neverthe-
less, inequality and the digital divide are increased when part of the population has nei-
ther devices nor appropriate training to engage in these changes or availability to access 
the internet (Bakker & Wagner, 2020). This demonstrates the urgency for pragmatic 
solutions to digital literacy in this time of globalization.

There is a school of thought that treats digital inclusion as a way for other inclusions 
to occur, focused not only on the technical use of new tools (Park, 2016). To offer the 
necessary skills to access internet content critically and to be able to analyze, evalu-
ate, or to produce it, there is a need for literacy in regards to digital technology, digital 
culture, and computational thinking (Brazilian Ministry of Education, 2018). We aimed 
to evaluate whether the introduction of digital technology in the classroom in elemen-
tary school would improve STEM skills such as computational thinking and familiarity 
with environment and digital devices and whether it would promote empowerment to 
perform logical activities autonomously. Overall, this study sought to establish a safe 
and collaborative environment for children to have access to digital technologies. Our 
research question was whether 16 h of digital literacy, presented in eight 2-h classes, 
could positively influence the logical reasoning of students in the 5th-grade. Herein we 
present an adequate digital literacy strategy for remote regions, with reuse of previously 
abandonedlaptops.
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2 � Theoretical background

2.1 � Is digital literacy real for those born after the internet? The social classes gap 
in low income populations

From an educational perspective, digital literacy embraces the technical, cognitive, and 
social-emotional aspects of learning with digital technologies (online and offline) in a 
developmental way. For a digitally literate individual, it is easy to adapt to emergent 
technologies and promptly infer the semiotic language for new types of communica-
tion. Digital natives are the generation of people born from 1980 (Prensky, 2001). They 
are likely more engaged in digital technologies, with the urge to obtain information 
quickly, using visuals over texts compared to past generations. A combination of his-
torical events and their associated phenomena constitute a generational gap (Parry & 
Urwin, 2011). Generation Z is described as those born in the mid-1990s through the 
late 2010s. For Generation Z it is conventional to interact and communicate in an envi-
ronment that is connected at all times (Turner, 2015). Interestingly, even adults born 
after the internet that use digital devices daily can be taught digital literacy as a mean 
for learning (Ng, 2012), as they could be not familiar with educational technologies—
pointing to the need for school programs.

Although the digital world is part of the everyday life of the digital-literate people 
and the new Generations are usually immersed in it, digital literacy is not a reality in 
many regions around the globe. Approximately 47% of the world population is offline. 
Most of the offline population live in low to middle developed countries—Europe has 
the highest and Africa has the lowest number of people online (International Telecom-
munication Union, 2019). There is solid research pointing to a link between social and 
digital exclusion (Helsper, 2012; Park, 2016; Witte & Mannon, 2010).

Brazil is a developing country, where rural–urban locations, socio-economic class 
and social exclusion are decisive factors for low levels of learning, e.g., school accessi-
bility, adult functional illiteracy and dropping out of school (Hickey & Hossain, 2019). 
The Internet reaches 74.9% of Brazilian households, however this proportion differs 
among different regions of the country. The Brazilian Northeast is the least connected 
region at 52.3% (IBGE, 2019). In the municipality of Pureza (State of Rio Grande do 
Norte), where this study was conducted, 45.5% of its 2019 population were beneficiar-
ies of a conditional cash transfer programme from the Brazilian Federal Government, 
called Bolsa Família – a program that provides a maximum of $100 per month per 
family (Brazilian Ministry of Social Development, 2020) demonstrating the need for 
income assistance and therefore people are more likely not to have easy access to com-
puters or internet. In this municipality low scores of learning and poor school infra-
structure are risks for the local population (Bezerra et al., 2021).

2.2 � Digital engagement in the rural communities

The digital economy and government-reshaping approaches through novel meth-
ods of communicating and delivering public services are central in the social 
organization based on digital connection. When communities are remote and thinly 
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distributed, the probability of having no or very poor broadband connectivity is 
high. Digital participation limitation is revealed in the urban–rural divide (Williams 
et al., 2016). Frequently, people residing in rural areas are more affected by social 
exclusion parameters such as age, income and educational level—and these social 
disparities are likely to be a more critical problem than infrastructural needs such as 
access to the internet (Basu & Chakraborty, 2011).

Nevertheless, there is ample evidence of the benefits to the rural population to 
go online. Continuous interactions between farmers and townspeople appear to be 
significant for sustaining the local jobs and economy, and a strong sense of belong-
ing in a rural community (McManus et al., 2012). Research on the benefits of edu-
cational investment shows that those with higher skill levels (including the digital 
ones) tend to practice more active citizenship and to enjoy better health (Psacharo-
poulos & Patrinos, 2018; Schuller, 2004). Furthermore, the diffusion of digital skills 
can be a socio-economic development strategy. There is a growing rise in the search 
for professionals who master Information Technology (IT) abilities, resulting in 
increased employability (Karpati, 2011) which can include remote-jobs, applicable 
to the rural population.

2.3 � What counts for the effective appropriation of digital skills?

Effectiveness for digital inclusion and/or literacy courses are complex. Currently, 
middle and low-income countries are still facing the challenge of the so-called learn-
ing crisis, addressed in the Sustainable Development Goal 4 of the United Nations 
which emphasizes quality and equality. This learning crisis is broad and irregularly 
spread, varying among countries, classes, gender and social groups (World Bank, 
2018). Approaching this crisis is central to the organization of digital literacy 
courses like the one proposed in this study. Here we discuss the issues related to 
the effective appropriation of digital skills at the government-, school-, teacher-, and 
student-level.

2.3.1 � Government‑level

Political commitment to education is directly related to the success in schooling 
quality (Hickey & Hossain, 2019). The immediacy approach, often from an access 
point of view, in education reforms does not bring long term profits, in contrast to 
focusing on the quality of learning. Much was tried, and little was effective, at qual-
ity reforms in Brazil, this scenario was aggravated by difficulty in measuring results 
(Nelson, 2007).

The "One Computer per Student" project (OCS) was a widely criticized Brazilian 
government project implemented in 2008. The government provided every school 
student a laptop with the goal of introducing digital classes into the general cur-
riculum from 1st to 9th grade. Despite the huge financial investment, in most Brazil-
ian states the computers have been abandoned. This unsuccessful outcome was due 
to deficiencies in the infrastructure for its implementation (the management of pro-
cesses and training of teachers) and to structural aspects of the project (Echalar & 
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Peixoto, 2017). However, in this study, we reused those computers to test the hypoth-
esis that digital literacy when appropriately planned could be quickly attained.

2.3.2 � School‑level

The most common problems at schools are infrastructure and electrical networks; 
followed by internet connection, inadequacies in both classroom environment and 
storage of equipment, absence of human resources for technical support, and equip-
ment acquisition and replacement (Andriola & Gomes, 2017). Additionally, keeping 
students and teachers equipped and motivated for teaching and learning are central 
in the process of digital skill empowerment. For this to be achieved, the school man-
agement needs to certify the development of a safe environment. In several schools, 
teachers received training for the OCS project, but there was a 50% turnover of 
teachers hired (Nascimento et al., 2011). In other words, school management skills 
were low and school inputs failed to keep pace with expansion (Hickey and Hossain, 
2019).

2.3.3 � Teacher‑level

Self-efficacy theory correlates the predictive value of an event’s achievement with 
one’s confidence to perform it (Bandura, 1977). This theory in the context of teacher 
efficacy is important to understand how teachers think they can control their teach-
ing environment and what they consider students can learn (Siwatu, 2007). Teach-
ers’ efficacy beliefs and outcome expectancy increase as a result of interventions 
to prepare them to engage their students in computational thinking (Leonard et al., 
2018).

The appropriation of digital technologies by teachers has been pointed out as the 
biggest challenge for the implementation of OCS project (Nascimento et al., 2011). 
Significant advances in the process of digital inclusion and instrumental use of digi-
tal technologies by teachers and especially students were observed. However, the 
underutilization of pedagogical resources and under-dimensioning or discontinuity 
of the teacher training process were decisive factors for the interruption of classes 
with digital technologies (Andriola & Gomes, 2017). Indeed, teachers’ previous 
knowledge was associated with student outcomes, e.g., teachers’ mathematical 
knowledge was significantly related to student achievement gains in both first and 
third grades (Hill et al., 2005).

2.3.4 � Student‑level

A study in England showed that the combination of strong school-family relation-
ships and high levels of school satisfaction provided a boost for young people’s 
academic progress (Hampden-Thompson & Galindo, 2017). The parental effort 
to support the student in the United States had a strong positive effect on student 
achievement, which was greater than the effect of school resources (Houtenville, 
2007). Also in the United States, the quality of teacher-student relationship was 
associated with general school outcomes. Better student perceptions of the teaching 
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atmosphere were significantly associated with lower student dropout rates of schools 
(Barile et al., 2012).

Although there are concordances between studies from developed and develop-
ing countries, it is necessary to focus attention on aspects such as poverty, child 
labor and familiar disruption to the reality of this study. The strong interdepend-
ence between poverty (and income disparity) and low educational achievement/ful-
fillment has long been reported (Reimers, 1999). In addition, child labor is still a 
reality in Brazil. Students who do not work have better school performance than stu-
dents who work more than two hours a day. Students who work exclusively at home 
performed a little better than those who only work outside the residence. Students 
who work both inside and outside the house have the lowest achievement outcomes 
(Bezerra et al., 2009).

Moreover, the family environment in which the student lives is relevant. Cha-
otic households (crowded noisy homes with many distractions, poor structure and 
routines, and constant changes in family structure and residential moves) influence 
young children’s developing discipline and ability to focus on school-related activi-
ties (e.g., completing homework) (Li-Grining, 2007; Vernon-Feagans et al., 2016) 
that are important for school success. A study with families living in low-wealth 
rural communities in the United States established that household disorganization is 
a mediator between early income poverty and academic achievement in kindergarten 
(Heberle & Carter, 2020).

2.4 � Do logic, digital literacy and STEM relate? The course strategy

At first, logical reasoning can be conceptualized as the process of using a rational, 
precise series of steps based on reliable mathematical procedures and given state-
ments. Throughout history, the development of logic has provided a wide variety 
of logics ready for the purposes at hand in different disciplines (Vargas & Stenning, 
2019). The Brazilian Common Base National Curriculum (BNCC) clearly states that 
students in elementary school should “Develop logical thinking, research spirit and 
ability to produce convincing arguments, using mathematical knowledge to under-
stand and act in the world”. In this work, we developed this topic by teaching logic 
through computational thinking, that, by means of this, is possible for the individual 
to think about the basic steps to examine and identify a problem, and define the 
input and outputs and determine possible solutions (Türker & Pala, 2020).

Secondly, a conceptual model for digital literacy was proposed in 2004 com-
prising five components: (1) photo-visual skills (understanding instructions from 
graphical layouts), (2) reproduction skills (using digital reproduction for creating 
novel relevant materials from previous ones), (3) branching skills (understand-
ing from non-linear, hypertextual navigation), (4) information skills (figuring out 
information quality and veracity), and (5) socio-emotional skills (comprehending 
the rules of conduct on the internet and applying this comprehension in online 
communication) (Eshet-Alkali & Amichai-Hamburger, 2004). Additionally, there 
are five types of literacy in the digital context: information, computer, media, 
communication and technology. Each one of these has technical (access, usage, 
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navigation, development of content), cognitive (synthesis, evaluation, problem 
solving, critique, invent) and ethical (appropriate usage, assess truthfulness) per-
spectives (Chetty et al., 2018). Currently, there is no completely accepted defini-
tion for digital literacy and there are no universally comparable measures that 
thoroughly embrace its characteristics.

Thirdly, STEM has been recognized as a priority for education worldwide, 
being part of the ’public understanding of science’ movement (Johnson et  al., 
2015). Studies have unraveled the potential benefits of ICT (Information and 
Communication Technology) literacy factors on students’ academic outcomes 
on mathematics (Cheung & Slavin, 2013; Erdogdu & Erdogdu, 2015), sciences 
(Luu & Freeman, 2011) and on both of these (Hu et al. 2018). Besides, there is a 
correlation between computational thinking skills and “thinking styles and aca-
demic success in mathematics class” (Durak & Saritepeci, 2018). These studies 
provided evidence that logic, digital literacy, and STEM are related.

Multiple information sources require critical reading and logical reasoning. 
Training programs have been criticized because do not focus on building cog-
nitive skills that enable learners to evaluate, critique, integrate and create new 
information. The concern is that learners will not be prepared to think critically, 
to bring on change or to care about how to apply technologies in new, innovative 
and responsible behaviors (Unesco, 2016). The digital literacy course in this study 
aimed to address those issues. It was created under three fundamental axes: (1st) 
Digital Technology, (2nd) Computational thinking, and (3rd) Digital culture. (1st) 
Digital Technology is about physical and virtual components that enable informa-
tion to be encoded, organized, and retrieved when necessary. It includes a) data 
representation, b) hardware and software, c) communication and networks; (2nd) 
Computational thinking is the ability to systematize, represent, analyze and solve 
problems, including a) abstraction, b) algorithm, c) decomposition, and d) pattern 
recognition. (3rd) Digital culture regards interdisciplinary relations of computing 
with other areas of knowledge, seeking to promote fluency in the use of computa-
tional knowledge to express solutions and cultural manifestations in a contextual-
ized and critical way. The digital culture involves a) technology and society, b) 
digital citizenship, and c) digital comprehension (Raabe et al., 2018). Based on 
these axes, the themes of the classes in the digital literacy course were planned.

3 � Methodology

The general objective of the educational experience reported herein was to enable 
students from a rural area become digitally literate. A short course was developed 
based on the reality of a digitally excluded region. The viability of the course was 
measured through a test before and after classes, an observational test during the 
course activities and questionnaires with the participants. We hope that this expe-
rience works as a pilot and that improved versions of it would be suitable in other 
digitally excluded regions.
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3.1 � Design

This study consisted of two groups: intervention and control. In the intervention 
group, students participated in the digital literacy course. No student in the control 
group participated in the digital literacy course. Both took the logic assessment test 
on the same date (in the months of July and December 2019), before and after the 
course period which occurred between August to November of 2019, every 2 weeks. 
Observational scales were performed during the classes. Questionnaires for legal 
guardians, students, and teachers were applied. We elaborated on these instruments 
for this study—their concepts and how they were constructed are further discussed.

The digital literacy course was held for a total of 16 h, divided into 8 classes of 
2 h each. During each class, a researcher introduced the content and explained the 
activity of the day, with an approximate duration of 30 min. During the students’ 
performance of activities (approximately 90 min), this same researcher was respon-
sible for interacting with students and helping them with their doubts and demands, 
with the support of the class teacher. During the activities execution, three observers 
rotated every 15 min to complete the rating scales (Supplementary Methods 2) for 
each student participating in the study.

The starting point of this study was the recovery of donated computers from OCS 
project discussed previously. Twenty-one devices were completely repaired. Those 
computers were used in this work and then, in the end of the intervention, were 
donated to the intervention school. The course was organized using applications in 
the OCS devices, except one class of computational thinking (Supplementary Meth-
ods 1.4. Introduction to Programming Logic).

The digital literacy course drew upon the theoretical framework of Brazil’s 
National Common Curricular Base (BNCC) (Brazilian Ministry of Education, 
2018), including the content applied to the 5th graders. We designed the course in 
three sections: (1st) Digital Technology, (2nd) Computational thinking, and (3rd) 
Digital culture (Raabe et al., 2018).

For the 1st section, we explored math themes: geometric shapes, three-dimen-
sionality, problematization, and balance. For the 2nd section, we approached data 
visualization and introduction to programming logic. In the 3rd section, we encour-
aged the students (1) to produce media content, (2) to reflect on their actions in the 
digital environment, and (3) to be aware of changes in society due to digital technol-
ogies. The complete overview of the course is in Fig. 1 and all the detailed informa-
tion of these classes is available in the Supplementary Methods 1.

3.2 � Participants

For the intervention group, there were 20 participants (students) in 5th-grade, aged 
10–14  years (x̄=10.84, SD = 0.89), from Pureza, Rio Grande do Norte, northeast 
Brazil. Data from all subjects were collected, although there was one withdrawal 
during the intervention. Twelve of the 20 participants were female (60.0%). For 
the control group, there were 23 5th-grade students, aged 9–13  years (x̄=10.78, 
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Fig. 1   - The research project structure, and content, and timeline of the Digital Literacy Course. TCLE 
means Informed Consent Form (for legal guardians of students) and TALE means Informed Assent Form 
(for minors); Observed class means the activity was part of the observational class (in triplicate) for the 
scales of confidence in the digital environment and computer interaction; 2w means that it had 2 weeks’ 
interval from each of the classes; All lesson plans for the digital literacy course, questionnaires, and logic 
assessment are available in the Supplementary Material
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SD = 1.12), from a nearby Municipal School. Sixteen of these 23 participants were 
female (69.56%). All their sociodemographic features are available in the Supple-
mentary Table 1. The intervention school was chosen due to the previous existence 
of a university reach-out program led by our research group. Non-probability sam-
pling was used, for convenience. All the 5th-graders in the intervention and control 
school were included. Control school was selected due to its location, with students 
with similar backgrounds. The distance between the intervention and control schools 
is 1.38 km; both schools are public.

3.3 � Control and intervention group’s logic assessment

The logic assessment consisted of 8 questions (Supplementary Methods 4). Focused 
on mathematical logic, the questions were taken from the Mathematics Reference 
Matrix of the Basic Education Assessment System (SAEB), specifically using the 
descriptors for the 5th-grade of Elementary Education (Brazilian National Institute 
of Educational Studies, 2019). We designed the logic assessment due to the absence 
of validated tests that fit the proposal of this intervention.

The test was performed over an average of 15 min, before and after the course. It 
was carried out at the same period in both schools, in a paper-and-pencil approach. 
The reason of this approach was the impossibility of setting up a structure with 
appropriate devices in the control school, and the non-familiarity of students with 
the digital medium.

The same questions were used for logic assessment in the pre and post-test. To 
minimize the repeated testing threat the questions were not discussed with students 
in the pretest. In the post-test, questions were reordered. The control group was use-
ful to measure the learning effects by repeated exposure.

The tests were corrected and the results were organized in a spreadsheet with raw 
scores (Supplementary Table 1). The questions were multiple choice and each cor-
rect answer was equivalent to 1 score. A score of 8 would be to get all the questions 
right. The average of scores in each point (pre and post-test for the groups) was used 
in a multivariate analysis of variance, to answer the question: Do differences exist in 
the average scores of students’ logic pre and post-test between the intervention and 
control groups? The null hypothesis is "H0 No differences exist in the average scores 
of students’ logic pre and post-test between the intervention and control groups." 
and the alternative hypothesis is "H1 Differences exist in the average scores of stu-
dents’ logic pre and post-test between the intervention and control groups." More 
detailed information about this test is discussed in the statistical analysis section.

The SAEB descriptors are divided into the sections: (S1) Space and Form, (S2) 
Quantities and Measures, (S3) Numbers and Operations/Algebra and Functions, 
(S4) Information Treatment. They were selected due to the class themes approached 
in the digital literacy course curriculum. The relationship of descriptors, themes of 
the classes, and questions in the logic assessment are in Supplementary Table 2.

The 8 questions aimed to address the concepts as detailed. Question 1 aimed to 
recognize the decomposition of natural numbers in their different orders (Descrip-
tor 15: D15, into S3), and also required photo-visual skills which are included in 
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the concept of digital literacy (Eshet-Alkali & Amichai-Hamburger, 2004)). Ques-
tion 2 aimed to read information and data presented in tables (D27, into S4) and 
then establish relationships between units of time (D8, into S2). Question 3 focused 
on the identification of the location/movement of objects in graphic representa-
tions (D1, into S1). Question 4 aimed to recognize the conservation or modification 
of measurements on the sides, perimeter, area in enlargement and/or reduction of 
polygonal figures using checkered meshes (D5, into S1). Question 5 focused on the 
identification of common properties and differences between two-dimensional fig-
ures by the number of sides, or by the types of angles (D3, into S1) and also aimed 
to solve a problem involving the calculation or estimation of areas of flat figures, 
drawn in checkered meshes (D12, into S2). Question 6 aimed to solve significant 
problems using standard units of measurement such as km/m/cm/mm, kg/g/mg, l/ml 
(D7, into S2). Questions 7 and 8 are based on logical thinking.

3.4 � Students assessment during classes: Observational scales

The digital literacy course was divided into 8 classes, 6 of which had the obser-
vational test (timeline in Fig.  1 shows which classes). There were two subjective 
scales, ranked from 1 to 10, where 1 is underperforming and 10 high performing.

There is solid evidence that provides support for perceived usefulness and ease of 
use as key determinants of digital behavior and technology acceptance—being pos-
sible to measure them by psychometric scales (Davis, 1989). Our instruments were 
also rooted in the self-efficacy theory, defined as “the beliefs in one’s capabilities to 
organize and execute the courses of action required to manage prospective situation” 
(Bandura, 1977). The scales were developed considering a highly digitally excluded 
region, in which students did not have access to computers before our course. The 
first scale is for evaluating the activities developed in the digital environment (9 
questions). The second scale is for assessing the ability to use digital devices (8 
questions). Rating scales are in Supplementary Methods 2.

During each class, the research group consisted of 3 observers and 1 researcher. 
Observers were extensively trained and were instructed not to interact with students 
during classes. During the students’performance of activities (approximately 90 min 
after the class introduction of 30 min), the researcher was responsible for interacting 
with students and helping them with their doubts and demands (supported by the 
class teacher). During the activities execution, the 3 observers rotated every 15 min 
to complete the rating scales for each student participating in the study.

Observational data included 6 points of observations for each student, for these 
2 different scales. Scales questions that could be assessed that day were discussed 
before the observational test. When a question did not apply to a specific class, the 
protocol was to withdraw in a previous agreement between the researchers, and it 
was excluded from the analysis. To assess the reliability of the observational test, 
we used the intraclass correlation coefficient (ICC), which is best discussed in the 
statistics section. The longitudinal performance helped us to understand students’ 
progress profiles through a cluster analysis, also discussed in the statistics section.
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3.5 � Perception questionnaires

Due to the specific characteristics of the digitally excluded region in which this 
work was carried on, we designed questionnaires for the students, legal guard-
ians, and teachers would be able to give feedback and extra class information. 
For example, sociodemographic characteristics of the students’ families, the stu-
dent’s academic performance, and their levels of contact with the digital envi-
ronment were collected. Questions were thought to pursue possible differences 
between students’ intragroup performance throughout the course. All question-
naires were carried out after the end of the digital literacy course. The reliability 
coefficient (Cronbach’s Alpha) was applied, and it is further discussed in the sta-
tistics section.

The students’ legal guardians were invited to a meeting with researchers and 
to fill in the questionnaire. Those who were not literate were helped to fill in the 
questionnaire by our team. The objective was to investigate the digital culture 
at home as it could influence student’s learning. The key issues assessed were 
whether students had access to digital devices at home, their household income, 
and the familiarity of their legal guardians with computers. The complete ques-
tionnaire is available at Supplementary Method 3.3. Data from legal guardian and 
students questionnaires’ were used to check dependency relationships between 
students’ longitudinal performance.

For the student questionnaire, issues such as their access to computers at home, 
difficulties during digital literacy classes, and their shyness to ask for help during 
class were addressed. They were asked to complete the questionnaires themselves 
with a chance to answer questions at any time. The complete students’ question-
naire is available in Supplementary Methods 3.2.

In the teachers ’questionnaire, the questions were directed to know the stu-
dents’ performance beyond the classes of the digital literacy course. That is, 
how the students were behaving and reacting as a result of the classes. The main 
teacher of the class, the coordinator, and the school principal were asked to 
answer the questionnaire during a school meeting. The complete teacher’ ques-
tionnaire is available in Supplementary Methods 3.1.

3.6 � Ethical considerations

This study adhered to the norms and guidelines proposed by resolution 466/12 
of the National Health Council, which regulates research involving humans. The 
project proposal was approved through the Federal University of Rio Grande do 
Norte’s ethical committee (CAAE: 83,319,618.5.0000.5537). Participants and 
their legal guardians were informed about the purpose and all the steps of this 
study and consent was obtained for experimentation. School names were sup-
pressed for to avoid students’ identification.
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3.7 � Statistical analysis

All statistical analysis was performed using R 3.6.2.

3.7.1 � Logic assessment

MANOVA—Multivariate analysis of variance—is a robust analysis of longitudinal 
and multivariate data in factorial experiments. MANOVA was carried out to evalu-
ate the significance of differences between pre and post-test of logic assessment, for 
intervention and control groups. It can be used to quantify the amount of variabil-
ity associated with the level and pattern effects or, as here, between groups (control 
and intervention) and time (pre and post-test). It is a Profile Analysis by Group, that 
needs testing Parallelism (Ho: Profiles are parallel, this step uses the Wilks statis-
tics), Equal Levels (Ho: Profiles have equal levels), and Flatness (Ho: Profiles are 
flat). When profiles are not parallel and not coincident, it allows a comparison of 
each class through ANOVA One-Way and Tukey HSD tests. The profileR pack-
age was used to measure all these steps (Desjardins, 2020). To test the reliability 
of this instrument, it was used the Cronbach’s Alpha Based on Standardized Items 
(Cronbach, 1951) with N = 8 (number of questions in the logic assessment) and N 
of Items = 19 for intervention and 23 for control groups, where above 0.80 minimal 
level recommended for basic research.

3.7.2 � Observational testing

For inter-rater reliability, the intraclass correlation coefficient (ICC) was tested to 
estimate possible bias between the scores from the three observers at six points (the 
observed classes)—using the irr package (Gamer et al., 2010) with one way model 
(Shrout & Fleiss, 1979). The exclusion criterion for longitudinal data (6 classes 
observed) was more than two absences. With up to two absences, an estimate was 
made by interpolation of means. Cluster analysis was performed to assess possible 
similarities between student profiles through hclust function from cluster package 
(Maechler & Rousseeuw, 2019). The difference between groups found in cluster 
analysis was estimated using MANOVA -Profile Analysis by Group: Testing Par-
allelism, Equal Levels, and Flatness—profileR package (Desjardins, 2020). In this 
analysis, due to the failure of the parallelism hypothesis, the TukeyHSD test was 
used for each class of multiple means comparison between groups.

3.7.3 � Questionnaires

The longitudinal progress data of students during the course can be classified 
into 3 subgroups. To assess whether any sociodemographic or exposure factors 
to the extra-class digital environment were influencing the difference between 
the groups, Pearson chi-squared test was performed. To measure the reliability 
of the questionnaires, it was used Cronbach’s Alpha Based on Standardized Items 
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(Cronbach, 1951) with N = 10 and 16 (legal guardians and students, respectively) 
and N of Items = 19 for both students and their legal guardians. Cronbach above 
0.80 is the minimal level recommended for basic research.

We considered significant the comparisons with P-value < 0.05. Std Err means 
the standard deviation of its sampling distribution.

4 � Results

The 5th-grade students from the intervention group were invited to attend digi-
tal literacy classes during the second semester of 2019. The classes were taught 
using devices from the OCS project, with a logic assessment applied before and 
after classes. During the course activities, students were observed regarding the 
confidence in the digital environment and the interaction with the computer itself. 
Great optimism and adherence from students in the activities were observed. Stu-
dents were committed to the steps and goals of digital activities, and they usually 
did not want to leave after class time was up.

Fig. 2   – Logic assessment scores previously and after the intervention, applied to the 5th-grade students. 
The evaluation was carried out twice in the same period for the groups: (1) Intervention, that took the 
digital literacy course and (2) Control, that did not take the digital literacy course. Mean score means 
the average of the students’ logic assessment scores. Individual scores are available in Supplementary 
Table 2
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4.1 � Students improved in logic assessment after the digital literacy course

The students’ logic assessment for the intervention and control groups were evalu-
ated to verify the effect of the digital literacy course. The intervention effect was 
tested by comparing the performance of the intervention group versus the control 
(Fig.  2). The MANOVA test rejected parallelism (p = 0.0014). Then, an ANOVA 
was performed at each point (“previous” and “after”) separately, with a focus on 
the inter-group performance. There were significant differences in students’ logic 
assessment performance between the two groups before any intervention by this 
work (p = 0.0011). After the intervention, significant differences in students’ logic 
assessment performance between the two groups remained (p < 0.0001).

For the intervention group, considering the intra-group difference (points “previ-
ous” and “after”), an ANOVA revealed that the Digital literacy course intervention 
positively affected the students’ performance in logic assessment (p = 0.0198). The 
difference between previous and after assessment in the control group was not statis-
tically significant.

The intervention group logic assessment mean score was 4.2105 (Std. Err. 
0.2912) previously and 5.7368 (Std. Err. 0.2442) after the digital literacy course. For 
the control group, the mean score of logic assessment was 2.8260 (Std. Err. 0.2647) 
and 2.5652 (Std. Err. 0.2219). The grade for all tests, per student, is available in 
Supplementary Table 2.

In regards to the logic assessment as an instrument, it had an acceptable reliabil-
ity coefficient. The overall Cronbach’s Alpha was 0.829. Separately, the intervention 
pre-test had the Cronbach’s Alpha of 0.951, and the post-test had one of 0.991. The 
control pre-test had Cronbach’s Alpha of 0.865, and the post-test had one of 0.800.

4.2 � There are 3 groups of students regarding performance during the course 
time

Intraclass correlation coefficient for the Confidence scale showed that there was a 
significant reliability between observers (F(1283, 2568) = 4.33, p-value < 0.0001). 
The Interaction scale also had a significant reliability (F(1282, 2566) = 4.33, 
p-value < 0.0001). For both scales, ICC = 0.526 was observed, with confidence inter-
val of 0.495 < ICC < 0.557. Since there was significant reliability between observers 
on both scales, we proceeded to search for differences between students observed 
during the course.

There was an excessive amount of absences throughout the semester. For the 
cluster analysis, students with more than 2 absences were removed (totaling 5 stu-
dents), making the final sample of this analysis n = 14. It is possible to observe 3 
groups according to hierarchical clustering, both for the Confidence Scale and for 
the Interaction Scale (Fig. 3).

For the Confidence Scale a MANOVA was performed (Fig. 4) to assess the dif-
ference between groups identified by the cluster analysis with the classification 
factor being the clusters, the evaluation factor being time (class) and as response 
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variable the mean score. The MANOVA test rejected parallelism (Wilks sta-
tistics (10, 14) = 0.1043, p-value = 0.0325), and Equal Levels (F(1, 2) = 58.8, 
p-value < 0.0001), indicating a significant effect of the Clusters classification factor, 

Fig. 3   – Clustering of student scores in the observational test, characterizing their performance during 
the time of the digital literacy course. 3A represents the groups separated by scores from the scale of 
confidence in the digital environment. 3B is the mean score of students during the digital literacy course. 
The lines represent the groups found in the cluster analysis (for the scale of confidence in the digital 
environment)
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which allowed a comparison of these in each class through ANOVA One-Way and 
Tukey HSD tests (Fig. 4 and Table1).

For the Interaction Scale, using the same parameters, there was no associa-
tion between the clusters and time; in other words, the MANOVA test accepted 

Fig. 4   - Clustering of student scores in the observational test, characterizing their performance during 
the time of the digital literacy course. 3A represents the groups separated by scores from the scale of 
computer interaction. 3B is the mean score of students during the digital literacy course. The lines repre-
sent the groups found in the cluster analysis (for the scale of computer interaction)
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parallelism (Wilks statistics (10, 14) = 0.3416, p-value = 0.4899). Then, Equal 
Levels hypothesis was rejected, as F(1, 2) = 36.98, p-value < 0.0001, meaning 
that the groups were significantly different over the intervention time. MANOVA 
rejected Flatness for the effect of time (F(5, 7) = 13.4468, p-value = 0.0018), 
meaning the students were learning over time as the profiles were not flat across 
classes; on the contrary, they were ascendants (Fig. 3 and Table 1).

There was a significant difference among all groups in class 1, which points to 
a previous difference of knowledge among the groups (Table 1). For class 2 there 
was also a significant difference among all groups. In class 3, groups 1 and 2 were 
not statistically different on the Interaction Scale. In class 4, no group was signifi-
cantly different on the Confidence Scale. In both classes 5 and 6, the groups 1 and 
2 were not statistically different, showing a similarity between them.

We hypothesized that the observed performance difference could be due to 
different sociodemographic features such as family contexts and digital stimuli. 
So, we tested the association between the groups and the answers to the ques-
tionnaires for both legal guardians and students, such as access to the computer, 
family income, the familiarity of the guardians with the computer or shyness in 
asking the teacher for help during the class. No statistical significance was found. 
Some key responses from students are shown in Fig. 5.

Table 1   Comparison between the groups found in the cluster analysis, per class.  Bold entries on the 
“p-value adj” column indicate statistical significance (adjusted p-value < 0.05).

*TukeyHSD test

Confidence in the digital environment Computer interaction

Groups Diff. inter-
groups (mean)

p-value adj * Groups Diff. inter-
groups (mean)

p-value adj *

Class 1 2—1 2.2222 0.0016 2—1 1.4962 0.0308
3—1 4.2962 0.0001 3—1 5.0555  < 0.0001
3—2 2.0740 0.0248 3—2 3.5592 0.0010

Class 2 2—1 1.6481 0.0412 2—1 1.0444 0.0328
3—1 4.5000 0.0005 3—1 3.7314  < 0.0001
3—2 2.8518 0.0139 3—2 2.6870 0.0006

Class 3 2—1 9.074 0.0300 2—1 8.992 0.1508
3—1 3.0185  < 0.0001 3—1 2.6620 0.0035
3—2 2.1111 0.0011 3—2 1.7628 0.0411

Class 4 2—1 1.0462 0.1562 2—1 1.0628 0.0485
3—1 1.7222 0.0920 3—1 2.9629 0.0006
3—2 6.759 0.6411 3—2 1.9001 0.0141

Class 5 2—1 7.083 0.1144 2—1 8.875 0.0985
3—1 3.4166  < 0.0001 3—1 2.8888 0.0006
3—2 2.7083 0.0002 3—2 2.2013 0.0096

Class 6 2—1 7.500 0.2334 2—1 8.240 0.1217
3—1 2.7685 0.0021 3—1 2.5925 0.0014
3—2 2.0185 0.0173 3—2 1.7685 0.0183
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The students in group 3, those who performed better during classes, had in 
common being outgoing and they had the drive to ask for help from teachers or 
classmates, they were not distracted during class, and all of them had access to 
digital devices outside classes. They also reported not having difficulty using 
computer. Meanwhile, students in groups 1 and 2 reported difficulty using the 
digital device, shyness in asking for help from teachers or classmates. Some 

Fig. 5   - Students’ answers about the digital literacy course and access to digital devices. The representa-
tion is organized by the groups found in the cluster analysis (Groups 1, 2, and 3). The y-axis corresponds 
to the questions in the students’ questionnaire, and the x-axis is the percentage of students who answered 
"Yes" in each group
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students from group 2 did not have any kind of access to digital devices in extra 
class activities.

4.3 � Students, legal guardians, and professors’ perception

Legal guardians were born between 1960–1991, and 16.7% had no schooling, 50% 
studied up to elementary school and 33.3% finished high school. With respect to 
income, 41.7% claimed to have no income and 33.3% had up to one minimum 
wage—998 BRL/Month (about $189.07). 94.4% of the families from the interven-
tion group lived in a rural area. In the section for comments, legal guardians often 
reported that the school transformed their children.

In the digital context, 50% of the legal guardians answered they had never used a 
computer, 16.7% had used, but not often, and 33.3% used computer frequently. We 
tested whether the 33.3% who had used computer frequently were the ones with the 
highest income and there was a dependency between these variables (Pearson’s Chi-
squared test, p-value = 0.0072). 83.3% of the legal guardians answered that the stu-
dent had some way to access electronic devices (computers, smartphones or tablets, 
owned by the legal guardian or by relatives or neighbors). When asked for how long 
the student used a device in a day, 55.6% answered that up to 1 h, 16.7% up to 2 h, 
11.1% up to 3 h. 16.6% did not use it.

About 64.4% of students marked that they could concentrate in the digital envi-
ronment, and 31.6% got distracted using the computer. 52.6% answered that they 
faced difficulty in using the computer, and 52% were ashamed to ask the teacher for 
help. 94.7% said they asked for help for the classmates without shame. All of them 
said they had fun in the digital classes and that they used what they learned in other 
moments. All of them liked how the classes were conducted and that the teacher 
helped in the assignments. 94.7% said they liked to use the computer in the class-
room. 73.7% of the students answered that they have access to electronic devices, 
diverging from the 83.3% found in the legal guardians’ response.

In regards to the questionnaires as instruments, they had an acceptable reliability 
coefficient. The Cronbach’s Alpha was 0.972 for the students’ legal guardians and 
0.937 for the students’ questionnaire.

All teachers agreed that students found the subjects interesting, demonstrated 
more creativity and that the use of devices in the classroom generated useful results. 
All teachers claimed that students’ achievement was greater in classes with digital 
devices.
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5 � Discussion

5.1 � Students improved greatly throughout the digital literacy course

5.1.1 � Logic assessment

The students’ progress was astonishing. The ones who did not know how to use 
the mouse touchpad were able to develop complex activities, such as the autho-
rial production of multimedia. The logic assessment included questions of spa-
tial, visual, and numerical logic (Supplementary Table 2) which were addressed 
during the digital literacy course. Overall, the assessment presented a good reli-
ability coefficient, being great when data of intervention school was treated sepa-
rately. In the pre-test, there was already a difference in the scores of intervention 
and control groups, even though both of them are from public schools in close 
proximity, about 1.3  km apart. One of the reasons that might have influenced 
this initial difference was a prior 3-year project in the intervention school, which 
aimed to improve the quality of teaching and also improved the school infrastruc-
ture (unpublished results).

The Digital Literacy Course improved the students’ scores in the logic assess-
ment. There was a statistically significant difference between scores of pre and 
post-test in the intervention, but not in the control group. This data provides evi-
dence that 16 h of digital course focused on the development of logic skills can be 
effective in a digitally excluded region. A rural area initiative of a digital literacy 
framework with practical content for indigenous people was successful in India 
(Nedungadi et al., 2018). It demonstrates the potential value of an adequate Digi-
tal Literacy Course as a powerful lever for Digital Inclusion. However, our study 
was conducted in only one location. To validate the approach and instruments, we 
encourage it to be carried out in other locations with similar characteristics.

Our sample consisted of all students in the 5th-grade for the intervention group 
and all for the control group. The reality of Brazilian education in underprivi-
leged areas is a high rate of school retention (Carvalho & Firpo, 2014). Thus, 
there was 5.26% outside of the expected age in the intervention group and 26.08% 
in the control group. There is a possibility of bias due to age and cognitive devel-
opment (Micklewright et al., 2012). However, we decided to keep the entire sam-
ple due to the study being designed for regions where this often happens. In addi-
tion, these students were not responsible for changing the pattern found in the 
tests performed.

5.1.2 � Observational testing

During the 14  weeks of course, a high agreement on student performance 
between the Confidence and Interaction scales was observed. It was possible to 
identify 3 profiles of students’ longitudinal performance in the course: Group 
1 showed lower scores since the first class in both Confidence and Interaction 
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scales. Group 2 showed middle scores. For both groups 1 and 2, scores progres-
sively increased over the course. Group 3 presented higher scores since the begin-
ning and remained with high and close scores during all the classes. In the first 
class of the course, a significant difference among all groups was observed which 
points to a previous difference of knowledge among the groups. In the 4th class, 
there was not a significant difference in the Confidence Scale among groups. This 
class was one of the most challenging in the course (Fig. 1) due to the activity 
performed: a combination of text, images, memes, GIF’s to communicate a syn-
thesis of content that students had already studied throughout the semester. In 
the 5th and 6th classes, groups 1 and 2 were not statistically different, showing a 
similarity between them.

Then, we tested if the observed difference among groups could be due to dif-
ferent sociodemographic features. However, no statistical significance was found 
for an association between the groups and the following features: access to the 
computer; family income; familiarity of legal guardians with computers; and 
being ashamed of asking the teacher for help during class. Certainly, the sample 
size of the groups influenced this outcome, especially for group 3 that had only 
two students. The number of absences during digital literacy classes was high, 
which led us to exclude some of the students from the clustering.

Group 3, which had the highest scores on both Confidence and Interaction 
Scales, reported absence of difficulty using the computer but having difficulty 
during the activities. These students often helped their classmates during classes, 
helped set up and dismantle the structure for digital classes, and started explor-
ing digital platforms and emails outside the classroom. They did not need help 
and used to end the activities very fast. The self-reported difficulty during the 
activities was inconsistent with their performance. A study across four different 
countries (Brazil, China, Canada, and Italy) indicated that the self-system may be 
a culture-general as well as a culture-specific phenomenon. Self-perceptions of 
social competence was positively associated with academic achievement in Cana-
dian and Chinese children, but not in Brazilian and Italian children (Chen et al., 
2010). As group 3 demonstrated easy social adaptation, that self-perception may 
be related to cultural issues. Furthermore, their perceived competence could be 
related to self-efficacy (Bandura, 1977).

Meantime, students in groups 1 and 2 reported difficulty using the digital device 
and presence of shyness in asking for help from teachers or classmates. Some stu-
dents from group 2 did not have any kind of access to digital devices in extra class 
time. Regardless of little or no prior digital contact before the course, all students 
progressed on the Observation Scales scores during the course. This indicates that 
the classes were capable of both establishing an initial base and could assist in the 
development of the use of devices for learning.

There is a need for measurement methodologies for the digital learning of young 
students. The scales presented here are initial but deserve attention due to the lack 
of validated tests. Scales to assess the use of technology are powerful (Davis, 1989; 
Davis et al., 1989), showing that a good instrument is capable of having a compre-
hensive impact on society on a global scale. We encourage the scales here presented 
to be adapted and applied in other locations.
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5.2 � Students, legal guardians, and professors’ perceptions

During the response to the questionnaires, female students commented about 
being ashamed to ask for help if the teacher was a man. We investigated whether 
students who were ashamed to ask the teacher for help were sex-related. Accord-
ing to Pearson’s Chi-squared test, there was no dependency relationship between 
shame and sex (p-value = 0.0863). However, it is important to mention that girls, 
rural students, and children from minority or other socially marginalized groups 
generally learn less, compared to boys, city children, and other disadvantaged 
groups (World Bank, 2018).

Approximately 95% of the families of this study live in a rural area and 50% of 
legal guardians have never used a computer in their lives. The Brazilian Northeast 
has 52.3% of the population connected to the internet (IBGE, 2019), which is 
approximately the same proportion we found in this study. Unsurprisingly, those 
who use the computer frequently are significantly associated (p-value = 0.0072) 
with the highest income. No legal guardian in this study reached higher educa-
tion (some are illiterate) and most of them have no or less than a minimum wage 
monthly income. People living in rural areas are more affected by social exclu-
sion parameters such as their incomes, and educational levels—and these social 
disparities are likely to be a more grave problem than infrastructural needs such 
as access to the internet (Basu & Chakraborty, 2011).

Regarding the relationship between early childhood and poverty, the more time 
in poverty from birth to age 9, the worse mental health is for these individuals as 
adults. Mediators presented are the confluence of psychosocial (violence, family 
turmoil, child separation from family) and physical (noise, crowding, substand-
ard housing) risk factors (Evans & Cassells, 2014). These risk factors influence 
academic achievement (Heberle & Carter, 2020). We observed instability in the 
performance of some students which may be related to these factors. On the other 
hand, legal guardians often reported in the comments section of the questionnaire 
that the school transformed their children.

5.3 � Bottlenecks

We understand that since this work was longitudinal (one academic semester), 
some nonspecific problems of the project were noticed. The difficulties faced dur-
ing this work development were from different natures: (1)—school lack of instal-
lations, electrical networks and intermittent electricity; (2)—inappropriate inter-
net connection; (3)—inadequacies in both classroom environment (especially 
classroom temperature) and storage of equipment; (4) – completely digitally 
excluded students; (5) – teachers had little familiarity with the digital environ-
ment; (6) school attendance was challenging, since children often missed class. 
Excluding the attendance, those were exactly the same bottlenecks found in previ-
ous Brazilian study that used an approach like ours (Andriola & Gomes, 2017; 
Nascimento et al., 2011).
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5.4 � How to apply this course in other locations?

The Digital Literacy Course contained 8 classes of 120 min each with a structure 
for 25 students. With 20,150.00 BRL (about $3,803.82) of investment the chance of 
improving students’ skills in logic is high [Course Costs: Professionals – 6,400.00 
BRL (about $1,208.16) | Computers – 13,750.00 BRL ($2,595.66). Structure at 
school: Broadband Internet | Suitable router].

Investing in this course can lead to the creation of sufficiently broad competencies 
to enable students to act effectively in the production of knowledge and services, and 
to fluently operate the digital means and work tools. The proposal is "learning to 
learn", to be able to deal positively with the continuous and accelerated transforma-
tion of the technological base. This basis can certainly help in the development pro-
cess of a human being with a view to their individual and social integration, involv-
ing human, technical, cognitive, emotional, socio-political, and cultural aspects. A 
fundamental part of implementing a project like this (or on a larger scale) is to prior-
itize the training of professionals involved in digital lectures.

5.5 � Final comments

Here we demonstrate that the Digital Literacy Course positively affected students’ 
scores in the logic assessment. We report our experience of teaching this course at 
the elementary school level and found that students responded confidently to it and 
that they improved essential skills for the digital era. The pandemic of COVID-19 
and the global health crisis point to these skills being even more important. We pre-
sented here two initial scales for observational testing for students who have had 
little or no access to computers. We tested a digital literacy framework based on 
logical thinking and math content for the 5th-grade according to the Brazilian cur-
riculum. We present the logic assessment and questionnaires from legal guardians 
and students with good reliability coefficients. We believe in the potential of this set 
of tools and approaches to be applied and improved in other areas of digital exclu-
sion. We encourage other researchers that could act in these regions to use them.

Due to the characteristics of this study, limitations needed to be considered. First, 
the total sample size for this study was 19 students, which is a relatively small num-
ber of participants. The groups were given the logic assessment as pretest and post-
test over an interval of 3 months. The pretest measure could have had some effect 
on the posttest measure, resulting in a repeated testing threat. The findings should 
not be generalized to encompass all processes of digital literacy in Brazilian educa-
tion or in a transnational perspective due to the regional characteristics, convenience 
sampling and selection bias. There is a need to replicate the results in different popu-
lations, places, and time periods.

In this context, we offer a feasible solution for the digital gap in which those chil-
dren live and a potential gain of opportunities in their future.

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s10639-​021-​10711-z.
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