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Abstract 

 

The integration of technology in our society has generated 

significant transformations in how people communicate, 

learn and share information. The wide availability of 

digital infrastructure has impacted both the labor market 

and education, thus conceiving the term digital literacy. 

Digital literacy is often associated only with the 

development of skills and use of information and 

communication technologies (ICTs), which limits their 

understanding of their role in education. This article 

presents qualitative research with the purpose of analyzing 

the holistic vision of digital literacy to understand its 

importance, impact and relevance in the different areas of 

current academic life that lead to meaningful learning. The 

methodology used for the study is based on the phases of 

systematic mapping. Mainly addressing the elements, 

characteristics and key criteria of digital literacy to 

understand its scope in the development of digital skills of 

student academic work in obtaining new knowledge. 

Finally, it can be concluded that ICTs are an indispensable 

tool in teaching-learning activities and significantly 

promote meaningful learning. 

 

 

 

 

 

Digital literacy, Technology, Education, Systematic 

mapping 

Resumen 

 

La integración de la tecnología en nuestra sociedad ha 

generado transformaciones significativas en cómo las 

personas se comunican, aprenden y comparten 

información. La amplia disponibilidad de infraestructura 

digital ha impactado tanto en el mercado laboral como en 

la educación, concibiendo así, el término de alfabetización 

digital. A menudo, se asocia la alfabetización digital 

únicamente con el desarrollo de habilidades y uso de las 

tecnologías de la información y las comunicaciones (TIC), 

lo que limita su comprensión de su papel en la educación. 

El presente artículo plantea una investigación cualitativa 

con el propósito de analizar la visión holística acerca de la 

alfabetización digital para entender su importancia, 

impacto y relevancia en los diferentes ámbitos en la vida 

académica actual que conlleven a un aprendizaje 

significativo. La metodología utilizada para el estudio se 

realiza con base a las fases del mapeo sistemático. 

Abordando principalmente los elementos, características y 

criterios clave de la alfabetización digital para comprender 

su alcance en el desarrollo de habilidades digitales del 

quehacer académico estudiantil en la obtención de nuevos 

conocimientos. Finalmente, se puede concluir que las TIC 

son una herramienta indispensable en las actividades de 

enseñanza-aprendizaje y promueven de manera notable el 

aprendizaje significativo. 

 

Alfabetización digital, Tecnología, Educación, Mapeo 

sistemático
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Introduction 

 

The inclusion of technology in our society has 

brought significant changes in multiple aspects 

of our lives. The computer, in particular, has 

transformed the world by becoming a 

fundamental tool in the daily routine of human 

beings. The automation of complex processes, 

effective management of large amounts of 

information, and the creation of new work tools 

are common activities in today's world. 

 

The integration of technologies into 

society has had a great influence in shaping 

changes in how we work, interact, and access 

information. Digital literacy has accompanied 

these changes, as it encompasses the set of skills 

necessary to interpret information and generate 

knowledge (Cabero & Fernández, 2018). 

 

Thus, the internationally accepted and 

recognized definitions of digital literacy are 

generally based on three fundamental principles 

(Andía Cela, L. A. and Campión, R. S., 2022): 

 

- Firstly, it refers to the skills and 

knowledge necessary to use various digital 

media software applications and hardware 

devices, such as computers, mobile 

phones, and internet technology. 

 

- Secondly, it focuses on the ability to 

critically understand the content of digital 

media and applications. 

 

- Finally, it involves the knowledge and 

ability to create with digital technology, 

which implies the capacity to generate 

content using various digital tools. The 

skill to use digital tools and to navigate the 

internet effectively and safely has become 

an essential capability for students seeking 

to achieve success in their academic lives. 

Additionally, access to educational 

resources and online learning has allowed 

the democratization of education, as now 

individuals from all over the world can 

access high-quality educational materials 

regardless of their geographical location. 

 

 

 

 

 

 

 

The main objective of this research is to 

provide a comprehensive view of digital literacy, 

not only highlighting its importance and 

characteristics, but also analyzing its evolution 

and transformation. The article emphasizes the 

essential significance of digital literacy in 

education and how it influences the way 

individuals interact with technology in their 

daily lives. 

 

The added value is reflected through the 

use of a systematic mapping as a novel option to 

systematically and comprehensively collect, 

evaluate, and synthesize existing literature in a 

specific research area. 

 

The main sections of the article are: 

 

- Methodology: Refers to a set of techniques 

and procedures that allow for the precise 

management of a specific process in order 

to achieve certain results. 

 

- Development: The main section of the 

article, where the topic, objectives, 

methodology, results, and conclusions of 

the conducted research are presented. It 

constitutes the body of the article and 

contains the most relevant and detailed 

information. 

 

- Results: Present the findings of the study, 

usually in the form of tables, graphs, or 

figures. 

 

- Conclusions: Summarize the study's 

findings and provide recommendations for 

future research or practices. 

 

Methodology 

 

Systematic mapping is a method used to 

understand and contextualize a specific topic. 

This method is considered a secondary study as 

it involves a review aimed at identifying, 

evaluating, and synthesizing information from 

various research studies regarding a specific 

theme and predetermined questions (Navarro 

Corona & Ramírez Montoya, 2018). Figure 1 

illustrates the systematic mapping process, 

including each Phase and the main steps to 

follow in implementing the method. 
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Figure 1 Steps for Implementing a Systematic Mapping 

Source: (Salas-Rodríguez & Lara, 2020) 

 

Body 

 

Once the elements to be followed in the 

implementation of the systematic mapping are 

identified, the study and development of each 

Phase are carried out. Next, the findings of what 

was posed in this research are presented. 

 

Phase I: Establishing Research Questions 

 

Research questions set the goals to be answered 

and guide the entire research process. (Salas-

Rodríguez & Lara, 2020). 

 

In this study, the defined research 

questions are: 

 

- Research Question #1: What is the role of 

digital literacy in education? 

 

- Research Question #2: What is the 

importance, impact, and/or relevance of 

digital literacy in meaningful learning? 

 

- Research Question #3: How do ICTs 

promote meaningful learning in teaching 

and learning activities? 

 

Phase II: Write the inclusion and exclusion 

criteria 

 

Defining inclusion and exclusion criteria 

establishes the relevance for the selection of 

documentation that will be part of the study in 

this research. (Salas-Rodríguez & Lara, 2020). 

 

Thus, we proceed to the specification of 

the criteria specific to the research study. 

The inclusion criteria are: 

 

- Scholarly studies published in recognized 

journals. 

 

- Scholarly studies published between the 

years 2020 and the first quarter of the year 

2023. 

 

- Scholarly studies written in English, 

Spanish, or Portuguese. 

 

- Scholarly studies that address one or more 

of the research questions established in the 

corresponding section. 

 

The exclusion criteria are: 

 

- Scholarly studies that do not address, at 

least, one research question of this study. 

 

- Scholarly studies not found in the 

recognized and established scientific 

databases for the study. 

 

- Duplicated scholarly studies. 

 

The self-imposed search limitation 

during the research will be constrained by the 

criteria of space, temporality, and specific 

characteristics of the research objective as 

outlined in the mentioned inclusion and 

exclusion criteria. 

 

 

 

 

 

 

 

 

 

Phase I: 
Establishing 

research 
questions

Establish the 
research 
questions

Phase II: Write 
the inclusion 
and exclusion 

criteria

Establish the 
criteria for the 
inclusion and 
exclusion of 

studies

Refine search 
results

Phase III: 
Define the 

search method

Identifying the 
search method 

to be used

Phase IV: 
Bibliographic 

Search

Carry out the 
bibliographic 

search 
according to 
the method 

defined in the 
previous 
phase.

Phase V: 
Screening and 

Study Selection

Select the 
studies that 

meet the 
criteria.

Phase VI: Data 
Analysis

Analyze the 
data from the 

selected 
studies.

Make the 
conclusions 

of the 
systematic 
mapping
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Phase III: Define the Search Method 

 

The search for primary studies consists of two 

steps. In the first step, relevant electronic 

databases are selected to conduct the search. In 

the second step, the search string is defined, 

taking into account the most relevant terms 

related to the subject under study. (Salas-

Rodríguez & Lara, 2020). 

 

The selection of scientific sources for the 

research is established from internationally 

recognized databases within the study area. 

Table 1 displays the selected databases for 

scholarly studies in this systematic mapping. 

 
Font Article name 

Database ERIC 

DOAJ 

ACM 

SpringerLink 

 
Table 1 Scientific database defined for the research stage 

in the systematic mapping 

Source: Own Elaboration. 

 

Subsequently, keywords or short phrases 

are identified with the aim of finding relevant 

articles to address the posed research questions. 

These are defined as search terms. Table 2 

presents the key research terms and their 

potential variations (alternative texts). 

 
Term Alternative texts 

Digital 

literacy 

Digital competence, Digital skills, 

Technological education 

Education Learning, teaching, training 

Technology Digitalización, Innovación, Virtual 

TIC Information and Communication 

Technologies, Digital Technologies, 

Information Technologies, 

Communication Technologies 

Meaningful 

learning 

Does not apply 

 

Table 2 Search Terms in the present systematic mapping 

Source: Own Elaboration 

 

The search terms provide the search 

strings for the systematic mapping. Table 3 

shows the search strings used in this systematic 

mapping. 

 

 

 

 

 

 

 

Term Search strings 

Simples 

Digital literacy Alfabetización digital/ Digital 

literacy, Competencia digital/ 

Digital competence, Habilidades 

digitales/ Digital skills, 

Educación 

tecnológica/Technology 

education 

Education Educación/ Education 

Aprendizaje/Learning, 

Enseñanza/Teaching, 

Formación/Training,  

Technology Tecnología/Technology, 

Digitalización/ Digitalization, 

Innovación/ Innovation, Virtual 

TIC TIC/ ICT, Tecnologías de la 

Información y Comunicación/ 
Information and Communication 

Technologies, Tecnologías 

digitales/ Digital technologies, 

Tecnologías de la información/ 

Information technologies, 

Tecnologías de la comunicación/ 
Communication technologies 

Meaningful 

learning 

Aprendizaje significativo / 

Meaningful learning" 

Composites  

 Digital Literacy AND Education 

AND Technology 

 

ICT AND Meaningful learning 

AND Education 

 

Digital literacy AND Information 

and Communication 

Technologies AND Education 

 

Meaningful learning AND 

Teaching AND Digital 

technologies 

 

Education AND Digitization 

AND Digital competence 

 

Information technologies AND 

Teaching AND Significant 

learning 

 

Digital Literacy AND Innovation 

AND Education 

 

Training AND Significant 

learning AND Communication 

technologies 

 

Digital Literacy AND Education 

AND Information Technology 

 

Meaningful learning AND Digital 

skills AND Education 

 

Table 3 Search Chains in the present systematic mapping 

Source: Own Elaboration. 
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Phase IV: Bibliographic Search 

 

The implementation of the research study 

described in Phase I consolidates the gathered 

information. Table 4 displays the search results 

obtained from the search strings (Table 3) in the 

established databases (Table 4). It is important to 

mention that the results in Table 4 represent an 

initial search stage, without applying the 

inclusion and exclusion criteria. 

 
Font N° of articles 

ERIC 935 

DOAJ 93 

ACM 880 

total items 1908 

 

Table 4 Result of the first search of this systematic 

mapping 

Source: Own Elaboration. 

 

Phase V: Screening and Study Selection 

 

Once the search results that meet the search 

strings have been collected, an analysis is 

conducted to validate their relevance against the 

previously established inclusion and exclusion 

criteria. In this manner, a subset of scholarly 

articles is selected to be included in the study. 

Table 5 displays this subset of articles, 

corresponding to the defined criteria. 

 
# Title Database Year 

1 Science Mapping the 

International Knowledge Base 

on the 21st Century Skills 

ERIC 2022 

2 Digital Literacy of Pre-Service 

Teachers in the Period Time of 

COVID-19 Pandemic 

ERIC 2022 

3 Digital Literacy: A Review in 

the South Pacific 

ERIC 2022 

4 Launching a Digital Literacy 

Accelerator: An Overview and 

Lessons Learned 

ERIC 2022 

5 Digital Literacy Skills 

Instruction and Increased 

Skills Proficiency 

ERIC 2022 

6 Connecting Digital Literacy in 

Higher Education to the 21st 

Century Workforce 

ERIC 2022 

7 Key Factors in Digital 

Literacy in Learning and 

Education: A Systematic 

Literature Review Using Text 

Mining 

 

 

 

 

 

 

ERIC 2022 

8 Impact of Digital 

Technologies upon Teaching 

and Learning in Higher 

Education in Latin America: 

An Outlook on the Reach, 

Barriers, and Bottlenecks 

ERIC 2023 

9 School Organisers' Expression 

on the Expansion of the 

Access and Application of 

Digital Technologies in 

Educational Systems 

ERIC 2023 

10 Preparing Students for a 

Digitized Future 

ERIC 2023 

11 Digital Learning Ecosystem: 

Current State, Prospects, and 

Hurdles 

ERIC 2023 

12 The digital competence of 

citizens, a growing need in a 

digitized society 

DOAJ 2020 

13 Digital literacy in Mexico: a 

historical-comparative review 

of policies and programs 

DOAJ 2021 

14 Media literacy profile of 

higher education students and 

teachers 

DOAJ 2021 

15 Computational thinking, an 

educational strategy in times 

of pandemic 

DOAJ 2021 

16 ICTs, teaching and digital 

literacy of the family to 

parents of Basic Elementary 

Education 

DOAJ 2021 

17 Teaching experiences on the 

use of Information and 

Communication Technologies 

(ICT) and their incorporation 

into the school curriculum in 

primary education 

DOAJ 2022 

18 Influence of technological 

didactics in the development 

of student learning 

DOAJ 2020 

19 The pedagogical use of 

information and 

communication technologies 

(ICT) and its influence on the 

meaningful learning of 

technical high school students 

in Zipaquirá, Colombia 

DOAJ 2020 

20 Challenge of the 21st century 

in education: making leaps 

from TIC-TAC to TEP 

DOAJ 2020 

21 Communication and digital 

skills: the new literacy 

DOAJ 2021 

22 Opportunities and perceived 

needs among Primary 

Education teachers for the 

educational use of ICT 

DOAJ 2023 

23 Integration of Information and 

Communication Technologies 

in the teaching-learning 

processes 

DOAJ 2021 

24 Learning technologies DOAJ 2020 

25 ESP Students’ Digital Literacy 

Needs: The Teachers’ 

Perspectives 

ACM 2020 
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26 Educational gamification and 

artificial intelligence for 

promoting digital literacy 

ACM 2020 

27 Assessment of Digital Literacy 

Competence for Non-Formal 

Education Study Program 

Students 

ACM 2021 

28 Digital learning environment: 

digital literacy, e-exclusion 

and cyber-wellness 

ACM 2022 

29 Research on the Value and 

Path of Cultivating College 

Students' Digital Literacy in 

the Digital Age 

ACM 2022 

30 Influences of Academic Self-

Efficacy, Academic 

Procrastination and Digital 

Literacy for Online Learning 

ACM 2022 

31 Development of digital 

literacy based on innovative 

approaches to design and 

research activities in a modern 

university 

ACM 2021 

32 Measuring Digital Literacy 

with Eye Tracking: An 

examination of skills and 

performance based on user 

gaze 

ACM 2021 

33 Using the digital platform in 

personalized student learning 

ACM 2022 

34 Digital Citizenship and 

Education: State of the Art and 

Bibliometric Analysis 

ACM 2020 

35 Digital Education and 

Informatics – You can’t have 

One without the Other 

ACM 2022 

36 Features of Digital Student 

Generation Education: from 

Theory to Practice 

ACM 2021 

37 Educating Future Digital 

Leaders: Developing e-

Governance Curriculum in 

Estonia and Ukraine 

ACM 2022 

38 Construction of Literacy 

Education Model for 

Contemporary College 

Students Based on DQR 

Framework 

ACM 2021 

39 Evaluation-Self-regulated 

Learning in Higher Education 

in a Digital Environment 

Under Vulnerable Conditions 

and Confinement Due to 

Covid-19: Self-regulated 

learning in a digital 

environment under vulnerable 

conditions 

ACM 2023 

40 Data and Information Literacy 

Education: Methods, Models, 

and Challenges 

ACM 2020 

41 The quality of training future 

teachers in the context of 

digitalization of education 

 

 

ACM  2021 

42 Disruptive Innovation of 

Educational Digital Tools and 

the Achievement of 

Communication Skills in 

University Students 

ACM 2021 

 

Table 4 Subset of articles, corresponding to the defined 

criteria 

Source: self made 

 

Phase VI: Data Analysis 

 

Once the inclusion and exclusion criteria were 

applied, data analysis was conducted for each of 

the 42 selected studies to address the research 

questions posed in Phase I. 

 

At the first instance, a synthesis of 18 articles 

related to research question #1 of the systematic 

mapping is presented: What is the role of digital 

literacy in education? 

 

This article presents the results of an 

extensive bibliometric review of educational 

research on 21st-century skills, identifying the 

volume, growth trajectory, and geographic 

dispersion of studies, while also highlighting the 

intellectual structure and thematic approaches of 

the existing knowledge production in this area. 

The co-occurrence keyword map revealed four 

thematic approaches: 'Media Literacy,' 'New 

Literacies and Digital Technologies in 

Education,' 'Digital Literacy and Competencies,' 

and a 'Multidimensional' group. (Polat, M., & 

Erişti, B., 2022). 

 

Digital literacy is an important skill for 

future modern teachers, as they are a key element 

in handling technology in education and 

motivating the classroom with effective 

information technology. (Prachagool, V., 

Nuangchalerm P. & Yawongsa, P., 2022). 

 

In this era of prominence and exponential 

technology adoption, it is necessary to have the 

ability to find, evaluate, use, share, and ethically 

create ideas using tools and Information and 

Communication Technologies (ICT) combined 

with the Internet. This emerging human attribute 

is known as digital literacy. Nowadays, digital 

literacy is an essential component of everyone's 

personal and professional life to survive and 

thrive in the digital world. The idea of promoting 

digital literacy worldwide is supported by higher 

education institutions. (Reddy, P., Sharma, B. & 

Chaudhary, K., 2022). 



7 

Article                                                                                 Journal of Information Technologies 
                                     June 2023, Vol.10 No.29 1-18 

 

 
 

ISSN: 2410-4000 

ECORFAN® All rights reserved. 
HERNÁNDEZ-CRUZ, Luz María, CHIN-PECH, Jessica Johana 

Estefania, MEX-ALVAREZ, Diana Concepción and FLORES-

GUERRERO, Mayra Deyanira. Digital literacy: a current view to 

understand its impact on education and learning. Journal of 

Information Technologies. 2023 

Digital technology and social networks 

are rapidly changing the way citizens consume, 

create, and share information. Many students 

spend a significant part of their day online, yet 

they have never received training on how to 

meaningfully interact with the information they 

encounter. The present and civic future of the 

country depend on our ability to strengthen 

students' digital literacy skills, especially in 

relation to combating misinformation and 

promoting civil discourse in digital spaces. 

(Office of Educational Technology & US 

Department of Education, 2022). 

 

Although current students are considered 

digital natives, they lack the necessary digital 

literacy skills to be competent and productive 

members of a digital society. Students may have 

experience using technology, but they need to 

develop specific skills that align with the 

consumption and production of technology. 

While there may be agreement that students need 

digital literacy skills and state, national, and 

international standards have been established 

that must be met, there are diverse concepts 

considered part of digital literacy and equitable 

instruction and expectations are lacking to 

ensure students possess these necessary skills. 

(Erwin, K., & Mohammed, S., 2022). 

 

The remarkable technological 

advancements have impacted the way people 

interact, work, and learn. Digital literacy, also 

known as virtual learning, has the potential to 

enhance lifelong learning. Work skills are 

evolving at a pace where no educational system 

can keep up with the constant change in the way 

we work and live. Most importantly, profound 

changes in our society require the youth to 

acquire new skills. The purpose of the study is to 

examine the drivers of digital literacy that can be 

taught in higher education institutions and 

applied in the current digital workplace. (Khan, 

N., Sarwar, A., Chen, T. B., & Khan, S., 2022). 

With the rise of digitalization in recent decades, 

digital literacy has taken a central role in our 

society and has become a significant concern for 

institutions and policymakers (Audrin, C. & 

Audrin, B., 2022). 

 

 

 

 

 

 

Digital technology and literacy have the 

potential to intensify the transformation of 

teaching and learning in higher education 

institutions (HEIs). This study reveals the extent 

to which 'digital technologies' have been used to 

enhance the teaching and learning process in 

HEIs, as well as the barriers and obstacles that 

can hinder their effective implementation across 

all HEIs. The study focused on nine selected 

countries in Latin America (LATAM) based on 

the primary perspective of educators, 

commercial and financial investors, to 

demonstrate the level of impact/implications of 

computing technologies on teaching and 

learning processes. (Okoye, K., Hussein, H., 

Arrona-Palacios, A. et al., 2023). 

 

Digital technologies are rapidly 

advancing in society, creating challenges and 

opportunities in people's lives. Schools have an 

important task: preparing young individuals for 

a future permeated by digital technology. The 

results show that school organizers describe 

digital competence and providing support to 

schools as essential for expanding access and the 

application of digital technologies in the 

educational system. They also discuss equality 

related to digitalization work, changes in 

organizations, the importance of a holistic 

perspective, and a common thread. Additionally, 

they explain that networks, a culture of sharing, 

good relationships, and effective communication 

enable digitalization efforts. Moreover, they 

point out that limitations for digital technologies 

in the educational system include lack of time, 

attitudes towards digital technologies, lack of 

digital competence, and resistance to change. 

(Reis-Andersson, J., 2023). 

 

Digital skills are in high demand 

worldwide, with over a million people with 

required digital skills only in the UK by 2022. 

With digital skills being crucial for a country's 

economy, there is a need to develop the higher 

education sector to prepare students for a 

digitized future, a key area of future skills for 

graduates. (Torbaghan, M., Sasidharan, M., 

Jefferson, I. et al. 2023). 
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After nearly 20 years of teaching digital 

literacy to the current generation of individuals, 

the definition of its principles and basic 

components, as well as the concept of its 

significant applied meaning, is now beyond 

question. To catch up and accelerate the pace of 

development in the educational field, the next 

step is to create a digital learning ecosystem. 

(Belessova, D., Ibashova, A., Bosova, L. et al., 

2023). 

 

One of the forces of learning in the 21st 

century is the digital lifestyle, which can be 

acquired through gaining digital literacy. There 

are many advantages that digital literacy offers, 

especially in an educational environment. 

(Canda Putri Anggini & Rojab Siti Rodliyah, 

2020). 

 

The development of comprehensive 

digital competence is nowadays perceived as an 

essential requirement for all participants in the 

educational process. This goal necessitates 

careful and large-scale preparation. It is 

necessary to understand how modern students 

interpret the digitalization of education, how 

they perceive the current level of their digital 

competence development, and what they see as 

the reasons for the 'digital illiteracy' 

demonstrated by the educational process of the 

'COVID era'. (Elena Tikhonova, Marina 

Kosycheva & Galina Efremova, 2022). 

 

The article examines the issue of digital 

literacy development in current subjects of the 

pedagogical process and reflects on the authors' 

view that there is a correlation between the key 

determinants of digital literacy and the 

possibilities of design and research activities, in 

which it is necessary to involve not only students 

but also schoolchildren. (Olzhabekovna 

Abdullayeva, Gulzira, Pavlovna Vasko, 

Tatyana, et al., 2021). 

 

Research has struggled to find deep and 

high-quality ways to measure digital literacy 

among individuals from different social groups 

due to the dynamic nature of digital technology, 

resulting in increasingly shifting and nuanced 

types of digital inequality. (Steinfeld, Nili, Lev-

On, Azi & Abu-Kishk, Hama, 2021) 

 

 

 

 

The main objective of this article is to 

present a state of the art on 'digital citizenship.' 

Additionally, it aims to promote the various 

relationships between digital citizenship and 

education, from educational theory and policy to 

educational practice and research. To achieve 

this, documents were extracted from the Web of 

Science databases (search results for 'digital 

citizen*' yielded 411) and examined using the 

bibliographic analysis tool VOSviewer. The 

document description shows a rapid increase in 

the last three years (half of the total) and the 

significance of education as a scientific 

discipline category (one-third of the total). 

Bibliometric analysis provided keyword co-

occurrences and co-authorships by nationalities. 

Conclusions reveal an increase in keywords like 

'social networks,' 'education,' and 'surveillance'; 

an increase in documents focused on youth and 

their digital engagement; and the relevance of 

American researchers followed by Spanish 

researchers. (Juan S. Fernández-Prados, Antonia 

Lozano-Díaz & Cristina Cuenca-Piqueras, 

2020). 

 

This talk aims to showcase the 

connection between the shift towards digital 

education and the increasing relevance of 

computer science as a school subject. These 

developments are mutually dependent: digital 

education is not complete without computer 

science, but in many places, the mandatory 

school subject of computer science has been 

introduced solely due to the requirements of 

digital education. (Ira Diethelm, 2022). 

 

This article primarily examines the 

construction of the contemporary university 

students' literacy education model based on the 

DQR framework. The questionnaire survey 

method is used to assess the status of data 

literacy education in university libraries in 

China, including the development of education, 

the subject of education, the content of 

education, the form of education, and the 

assessment of education outcomes, in order to 

comprehend the status of data literacy education 

in university libraries in China. (Yong Cui, 

2021). 

 

Nine articles related to research question #2 

'What is the importance, impact, and relevance 

of digital literacy in meaningful learning?' have 

been identified. 
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The knowledge society has generated a 

new digital literacy, which due to its facets and 

implications in education, training, and the 

workplace, is known as digital competence. 

(Silva Quiroz, J. E., & Lázaro-Cantabrana, J. L., 

2020). 

 

The educational system is not exempt 

from the transformations that involve promoting 

the necessary educational policies for the 

integration of technologies into curricula, with 

the premise of educating global citizens prepared 

to exercise responsible, active, and informed 

citizenship in an increasingly interconnected and 

virtual world. In terms of policies for digital 

literacy programs, since 1997, the Ministry of 

Public Education (SEP) has implemented 

policies aimed at benefiting basic education with 

the intention of developing digital skills in 

primary and secondary level students. 

(Manzanilla-Granados, H. M., Navarrete-

Cazales, Z., & Ocaña-Perez, L., 2021). 

 

Education's task is to prepare individuals 

for challenges, needs, and opportunities in a 

globalized world; now, with technology 

permeating human activities, traditional learning 

theories that do not recognize elements of digital 

literacy (behaviorism, cognitivism, and 

constructivism) fall short. Education requires 

changes in thinking, especially with the presence 

of COVID-19, a pandemic that prompted 

physical and social isolations, increasing the 

need to master digital scenarios within 

educational communities. (Mantilla Guiza, R., 

Negre Bennasar, F., 2021). 

 

The new digital literacy goes beyond 

traditional reading and writing skills, focusing 

on the development of abilities to encode, 

decode, understand, and produce various 

narratives. From a holistic perspective, the new 

possibilities of analytical, critical, creative, 

ethical, and aesthetic participation must also be 

considered. (Coordinators, Marta-Lazo, C., 

Hergueta-Covacho, E., & Martinez-León, N., 

2021). 

 

 

 

 

 

 

 

 

According to Arreola et al. (2022), 

empirical evidence shows that digital skills 

significantly contribute to the improvement of 

the teaching-learning process, making it 

necessary to promote the development of teacher 

training programs in techno-pedagogical 

competencies that integrate ICT, a managerial 

leadership that encourages the use of 

technological resources, and the identification of 

limiting factors. In this regard, attention must be 

paid not only to the use of resources but also to 

its innovation and constructiveness. It is 

common that, even though teachers possess 

various electronic devices and have some 

technical competence, their teaching practices 

may not go beyond creating notes or PowerPoint 

files (Larrañaga, N., Jiménez, E., Garmendia, 

M., 2023). 

 

There is a need to promote digital literacy 

and provide education for all, especially for 

women around the world, to achieve United 

Nations Sustainable Development Goals (SDGs) 

4 and 5: quality education and gender equality. 

The field of education is continuously exploring 

methods to respond to the ever-closer impact of 

artificial intelligence in all sectors and fields, 

including its own. (Shamini Koravuna & Uday 

Kumar Surepally, 2020). 

 

In the current digital era, strengthening 

the cultivation of digital literacy among 

university students holds intrinsic value: it is the 

unavoidable requirement for the survival and 

development of the digital society, the 

prerequisite for enhancing digital literacy across 

the population, and the inevitable choice to 

achieve the strategic goal of building a digital 

China. (Yu Dai, Xue Tang, & Chao Liu, 2022). 

Education is one of the fields in which the trend 

towards the use of digital tools in educational 

processes and methodologies is becoming 

increasingly inevitable. In Mexico, the first 

Internet connection occurred just over three 

decades ago. Since then, Internet access has 

enabled the gradual advancement of education 

into the digital age. The Covid-19 pandemic has 

forcefully and massively challenged us to 

digitize educational work. The present research 

is an experimental study of self-regulated 

learning in a digital higher education 

environment with a group of first-year university 

students attending a private institution in 

northern Mexico. (Reyna Perez & Gabriela 

Torres-Delgado, 2023). 
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Data and Information Literacy (DIL) is a 

set of critical skills for every citizen in the 21st 

century. It is important to assist both university 

students and other individuals in becoming adept 

users of data and information, creators, and 

lifelong learners. As DIL has a profound impact 

on education, employment, and quality of life in 

today's information-rich and data-rich 

environment, it is essential to raise awareness 

about the importance of DIL and provide 

effective DIL education. (Huang, Ruhua, Wu, 

Dan, Kim, Jeonghyun, Leung, Billy Tak Hoy, 

2020). 

 

Next, the synthesis of the 15 selected articles 

related to research question #3 of the systematic 

mapping is presented, which focuses on How do 

Information and Communication Technologies 

(ICT) promote meaningful learning in teaching 

and learning activities? 

 

Information and Communication 

Technologies (ICT) have rapidly emerged in all 

social spheres, generating an evolution that has 

altered the course of communication and 

information transmission processes. One of the 

contexts that has been transformed by their 

arrival is education, which has had to adapt and 

confront significant challenges and 

responsibilities due to the issues arising in 

educational practice regarding the use of 

technological means. (Altamirano, S. G., 2021).  
Currently, it is important to acknowledge that the 

process of transitioning from traditional to 

digital has brought about significant changes in 

the everyday life of humans, to the extent that the 

use of Information and Communication 

Technologies (ICTs) has become essential for 

societal development. The COVID-19 health 

crisis has accelerated the use of technological 

tools to ensure the continuity of education. In 

this regard, entire families have had to adapt to 

the use of digital and informational tools to 

fulfill various needs according to their living 

environment and address existing digital divides, 

particularly within the educational context. 

(Calle González, S., Torres Belduma, K., & Tusa 

Jumbo, F., 2021). 

 

 

 

 

 

 

 

The State, through its policies, 

initiatives, and programs, has influenced the 

integration of ICT in schools. Examples of 

driven programs that have emerged from 

educational policies at different times in favor of 

technology use include: 'Red Escolar', 

'Enciclopedia', 'Habilidades Digitales para 

Todos', 'Mi compu.mx', the Pilot Program of the 

National Digital Strategy Coordination, and the 

Digital Inclusion and Literacy Program. The 

State has aimed to increase the level of 

utilization and educational achievement of 

students through these programs. These 

initiatives have led to various approaches in 

working with ICT, focusing on two different 

aspects based on the equipment model: the first 

involves providing teachers with equipment to 

support their work in the classroom, 

emphasizing an equipped classroom model 

where both students and teachers attend; the 

second model is where each student has their 

own specific device. (Moreno García, D., 

Hernández Ramírez, C., García Villanueva, J., 

2022). 

 

The topic of ICT in education is broad. 

When ICT is applied to teaching, benefits or 

advantages are generated. On the other hand, 

uses of ICT are also presented from course 

administration: searching, managing, 

presenting, and publishing information; 

developing support materials, evaluation; 

creating digital products and virtual interaction. 

The use of ICT is directed towards research 

work, designing guides, and preparing 

assessments, forcing consideration of its 

administrative, technological, and pedagogical 

dimensions (with emphasis on curricular 

elements: objectives, content, resources, 

methodological strategies, and evaluation). In 

this sense, ICT has become a powerful didactic 

tool that fosters collaboration among students, 

focuses on their learning, enhances motivation 

and interest, promotes integration, and 

stimulates the development of intellectual skills 

such as reasoning, problem-solving, creativity, 

and the ability to learn how to learn. (Espinoza 

Freire, E., Villacres Arias, G., Granda Ayabaca 

D., 2020). 
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The general objective is synthesized in 

determining to what extent the pedagogical use 

of ICT influences the meaningful learning of 

students in the technical high school of 

Zipaquirá, Colombia, taking into account the 

real conditions of the context and applying a 

quasi-experimental research design. There is a 

direct relationship between the pedagogical use 

of ICT and students' motivation in different 

academic processes. This is reflected not only in 

the fieldwork of the experiment but also in the 

level of autonomous learning presented in the 

possibilities offered by the pedagogical design 

applied both in the institution and in other virtual 

scenarios. In summary, the pedagogical use of 

ICT significantly influenced the motivation of 

students in the experimental group and in the 

dynamics of the class itself; it is clear that it is a 

fundamental aspect of students' performance in 

various areas and knowledge scenarios. (Banoy 

Suarez, W., 2020). 

 

The new digital era has transformed 

education. The constant use of Information and 

Communication Technologies (ICT) has become 

an indispensable resource in the classroom. It is 

increasingly necessary to implement new 

methods and techniques that allow teachers to 

provide a highly effective educational 

experience in the classroom. Thus, education 

revolves around techno-pedagogy, whose sole 

objective is to ensure knowledge as a significant 

contribution to the environment and thereby 

contribute to societal progress. (González 

González, M. G., Ojeda Chimborazo, M. C., & 

Pinos Coronel, P. C., 2020). 

 

Information and Communication 

Technologies (ICT) are strong allies in 

educational innovation processes, provided they 

are closely related to other curriculum elements. 

Their integration into educational institutions 

poses a series of challenges for teachers, the 

school itself, and the curriculum, while also 

generating organizational, methodological, and 

attitudinal changes. Integrating ICT into 

educational processes can have a positive impact 

on the teaching and learning process for 

students. Quintero and Hernández state that 

'adequate training for the use and management of 

these tools can significantly contribute to 

improving student learning.'  

 

 

 

To generate a favorable impact by 

integrating ICT into teaching and learning 

processes, it involves a structural change and a 

change in the roles of the involved actors, with 

the main commitments being 'pedagogy, 

informatics, technology, and a constructivist 

approach.' (Rodríguez Guevara, J. E., Real 

Ortega, C.R., 2021). 

 

Learning technologies are crucial for the 

teaching and learning of 21st-century students. 

The teaching paradigm has shifted, placing the 

student as the central focus of the teaching-

learning process. Likewise, Information and 

Communication Technologies (ICT) help 

develop the premises of active and self-regulated 

learning, as they allow adapting learning to the 

individual characteristics of students. On the 

other hand, in recent years, various ICT-based 

learning methodologies have emerged, such as 

e-learning, blended learning, flipped classroom, 

or mobile learning. In this special issue, 

contributions that included key aspects of these 

methodologies were of interest, as well as 

emerging technologies such as mixed reality, 

artificial intelligence, blockchain, telepresence, 

the Internet of Things (IoT), analytical 

technologies, virtual assistants, among other 

trends highlighted in the 2020 Horizon Report. 

(Romero Rodríguez, J. M., García, S. A., 2020). 

Current educational transformation focuses on 

the process of using information and 

communication technology. Moreover, for 

students, digital technology facilitates access, 

exchange, analysis, and presentation of 

information obtained from various digital 

sources. (Rayendra, Ishak Abdulhak & Rusman, 

2021). 

 

Online learning became the norm amid 

the COVID-19 pandemic. Sudden government 

movement control directives prohibited a 

smooth transition for students to online learning 

and did not take individual learning preferences 

into account. Students with prior experience had 

significantly higher OLC. The findings imply 

that DL and prior experience are important 

factors in accepting online learning. Therefore, 

this study calls for a systematic approach to 

developing ICT skills and encouraging exposure 

to short online classes prior to enrollment in 

tertiary education. (Elaine Yong, 2022). 
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The article addresses the preparation of 

students in the conditions of personalized digital 

learning. The main priorities of digital 

transformation are presented, along with its 

framework models and the key stages of shifting 

the culture of an educational organization from 

analog to digital. The authors propose a digital 

platform where students have the opportunity to 

participate in the development of educational 

programs, create their own learning paths, for 

example, after determining their own level of 

competence in English, add disciplines and 

topics of interest, choose the presented courses, 

and enroll in them. (Ospankulov, Ernar, 

Abdigapbarova, Ulzharkyn, et al., 2022). 

 

This article summarizes the learning 

characteristics of the digital generation of 

students and the emerging field of digital 

pedagogy and didactics. Digital didactics is 

based on concepts such as connectivism, 

heutagogy, actor-network theory, and rhizomatic 

education approaches, among others. 

Researchers highlight the following 

characteristics of the digital generation: 

fragmented thinking, variable attention, 

multitasking, heavy load on short-term memory, 

digital youth slang, need for praise, and minimal 

planning horizon, among others. A survey was 

conducted with 142 students from four 

universities in Kazakhstan regarding the 

characteristics of the digital generation of 

students. It was found that 90.8% of the student 

sample identified themselves as belonging to the 

digital generation; when learning, out of three 

sources of information, students prefer to choose 

first: 50.7% - e-books, 38.7% - video materials, 

37.3% - printed books. At the same time, only a 

third of the students provided a detailed response 

about what fragmented thinking is; some 

students found it difficult to respond or were not 

aware of the phenomenon. (Muftakhovna 

Dzhusubaliyeva, Dina, Kazyevna Mynbayeva, 

Aigerim & Adilkhanuly Assilbek, Nurtang, 

2021). 

 

 

 

 

 

 

 

 

 

 

The successful transformation of a 

country into an advanced digital state largely 

depends on education and, more specifically, the 

development of an e-Government curriculum in 

higher education institutions. Estonia, as a role 

model, has shown that the implementation of e-

Government relies significantly on strong 

collaboration among stakeholders such as the 

government, private sector, and academia. 

(Morze, Nataliia, Makhachashvili, Rusudan, 

Mosiashvili, Gvantsa & Pappel, Ingrid, 2022). 

 

The ability to effectively integrate ICT 

into the learning process is an important 

competence that a future teacher must master. 

This directly impacts the quality of training for 

students in pedagogical specialties. The article 

presents the results of a study to identify the 

opinions of participants in the educational 

process regarding the value of using ICT in their 

educational process. The experience of Shota 

Rustaveli Batumi State University was 

considered in conducting training courses on 

information and communication technologies as 

part of the training of future teachers. Future 

teachers acquire knowledge through actions and 

strategies, the understanding of which will 

contribute to improving the quality of education, 

motivating students, and engaging them in the 

learning process. (Tavdgiridze, Lela, 

Didmanidze, Ibraim, et al., 2021). 

 

Digital tools are information and 

knowledge resources necessary for achieving 

communication skills in non-presential 

education. Faced with the variety of these tools, 

the student must evaluate and choose the 

appropriate tools for their learning. It is based on 

a new paradigm of learning and teaching, 

providing access to innovation and autonomy in 

the use of digital spaces, facilitating effective or 

efficient communication access, in accordance 

with current times. The methodology is non-

experimental with a descriptive correlational 

design, allowing us to contrast the relationship 

between digital tools and the achievement of 

communication skills in university students. 

(Maritza Elizabeth Arones Mayuri, Jackeline 

Gricelda Eslava De La Cruz, Yrma Rosa Godoy 

Pereyra & Patricia Haydeé CáRdenas Ayala, 

2021). 
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Results 

 

After analyzing the collected scientific articles, 

answers to the defined research questions are 

provided. The following are the responses 

corresponding to each research question of this 

study. 

 

Research Question #1: What is the role 

of digital literacy in education? The authors of 

the articles associated with this question 

emphasize that digital literacy is an increasingly 

important skill in our digital society and is 

considered essential for lifelong learning, 

education, and professional development. While 

most students may be considered 'digital 

natives,' they still need to develop specific skills 

to interact effectively with online information, 

especially in relation to combating 

misinformation and promoting civil discourse in 

digital spaces. Additionally, standards for digital 

literacy have been established, but there are still 

diverse concepts considered part of it, and there 

is a lack of equitable instruction and 

expectations to ensure that students possess 

these necessary skills. Digital technology and 

social media are rapidly changing how citizens 

consume, create, and share information, and 

digital literacy is essential to navigate this new 

environment. 

 

Research Question #2: What is the 

importance, impact, and relevance of digital 

literacy in meaningful learning? It is considered 

that the knowledge society has generated the 

necessity of digital literacy, which involves 

skills beyond traditional reading and writing. 

The education system is working on policies that 

promote digital education from basic education 

to university level, including teacher training in 

technopedagogical competencies. Digital 

literacy is essential for the survival and 

development of the digital society, and also to 

achieve the United Nations Sustainable 

Development Goals. The pandemic has 

accelerated the digitalization of educational 

work, challenging educational institutions to 

adapt to the new digital era. 

 

Research Question #3: How do ICTs 

promote meaningful learning in teaching-

learning activities? 

 

 

 

In general, the authors discuss how the 

use of information and communication 

technologies (ICTs) has transformed education 

and how this transformation has brought both 

challenges and opportunities. They also mention 

government programs aimed at integrating ICTs 

in schools, along with their various 

implementation models, and how the 

pedagogical use of ICTs can influence 

meaningful student learning. Furthermore, they 

emphasize the importance of considering both 

administrative and technological as well as 

pedagogical aspects in the implementation of 

ICTs in education. 

 

On the other hand, in the analysis of the 

findings, in summary, the authors suggest that 

ICTs are a powerful tool for teaching and 

learning, but they also require careful and 

mindful implementation to maximize their 

potential. 

 

Graph 1 relates information about the 

total number of articles found in the consulted 

databases (ERIC, DOAJ, and ACM). For each 

database, the percentage of relevant research 

articles found is shown, with 49% for ERIC, 5% 

for DOAJ, and 46% for ACM. The data indicate 

that ERIC and ACM are the databases with the 

highest number of articles found compared to 

DOAJ. 

 

 
 

Graphic 1 Distribution of articles by database in the 

systematic mapping 

Source: Own elaboration. 

 

 

 

 

 

 

 

49%

5%

46%

Articles

ERIC

DOAJ

ACM



14 

Article                                                                                 Journal of Information Technologies 
                                     June 2023, Vol.10 No.29 1-18 

 

 
 

ISSN: 2410-4000 

ECORFAN® All rights reserved. 
HERNÁNDEZ-CRUZ, Luz María, CHIN-PECH, Jessica Johana 

Estefania, MEX-ALVAREZ, Diana Concepción and FLORES-

GUERRERO, Mayra Deyanira. Digital literacy: a current view to 

understand its impact on education and learning. Journal of 

Information Technologies. 2023 

Graph 2 relates information about the 

total number of articles found to the research 

questions. Research question #1 obtained the 

highest percentage at 43%, followed by research 

question #3 with 36%, and research question #2 

with 21%. This graph provides a visualization of 

the amount of information available for each 

research question, which can be useful in 

determining the relevance and depth of each 

topic. 

 

 
 

Graphic 2 Results by research question 

Source: Own elaboration 
 

Graph 3 relates the percentage 

distribution of the scientific articles included in 

the study according to the year of publication. 

The year 2022 has the highest proportion of 

articles, accounting for 33% of the total, 

followed by the year 2021 with 31%. The year 

2020 represents 22% of the articles, and the year 

2023 accounts for 14%. This graph provides a 

visualization of the distribution of articles based 

on the year of publication. 

 

 
 

Graphic 3 Distribution of articles published by year 

Source: Own elaboration 

 

 

 

 

 

 

Graph 4 displays the relative distribution 

of the languages of the scientific articles 

included in the study. It can be observed that the 

predominant language is English, with 69% of 

the articles, followed by Spanish with 31%, and 

Portuguese with no participation in the articles 

included in the study. 

 

 
 

Graphic 4 Distribution of languages of the reviewed 

articles 

Source: Own elaboration 

 

Finally, Graph 5 depicts the distribution 

of countries of the articles included in the study. 

The country with the highest number of authors 

is the United States, accounting for 52% of the 

total, followed by Spain with 10%, the United 

Kingdom with 7%, and Mexico with 7%. Other 

countries account for equal or lower percentages 

of 5% or less. 

 

 
 

Graphic 5 Countries of the selected articles 

Source: Own elaboration 
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Conclusions 

 

A systematic mapping is a research technique 

used in various fields, including computer 

science, engineering, education, medicine, 

psychology, and other disciplines. The main 

objective of systematic mapping is to identify, 

classify, and summarize existing literature on a 

specific topic, to gain an overview of existing 

research, identify knowledge gaps, and guide 

future investigations. 

 

After conducting this systematic 

mapping, it is concluded that digital literacy 

plays an essential role in current education, as 

society is increasingly focused on technology 

and digital information. Likewise, it was 

observed that digital literacy enables students to 

interact effectively with online information, 

while stimulating continuous learning and 

professional growth. It was also evident that 

digital literacy is important for meaningful 

learning, as it allows students to critically 

identify and evaluate information, helping them 

make informed decisions and avoid 

misinformation. Finally, it is highlighted that 

ICT can promote meaningful learning in 

teaching and learning activities by allowing 

students to access a wide variety of resources 

and tools, interact with other students and 

experts online, and engage in more active and 

collaborative learning activities. 

 

Overall, digital literacy and the use of 

ICT are fundamental to current education and 

meaningful learning, and educators must be 

trained in technopedagogical competencies to 

effectively use these tools in the classroom. 
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Abstract 

 

The present investigation is related to the design, 

construction and manufacture of a didactic prototype of a 

rod-crank mechanism with a slider that allows to visualize 

and understand fundamental principles of its operation as 

well as its kinematics. Relating the traditional method of 

kinematics called Velocity Polygon with CAD design, 

additive manufacturing and automatic control. The 

objective of this project is to generate a controllable 

didactic prototype that allows us to visualize and 

understand fundamental concepts of the mechanism's 

operation as well as real-time information on the 

kinematics of its joints (nodes). Through the database 

generated by a instrumentation created in LabVIEW, 

movement simulation of the cad design and the velocity 

polygon graphic method, it was found that the speed of the 

sliding node coincides in the three methods, thus achieving 

a device that allows us to offer a more practical approach, 

in the development of technical skills, resolution of 

mechanism problems in undergraduate students in 

mechatronics, mechanics and Industrial 

 

 

 

Kinematics, Mechanisms, Instrumentation 

Resumen 

 

La presente investigación se encuentra relacionada con el 

diseño, construcción y manufactura de un prototipo 

didáctico de mecanismo biela-manivela con corredera que 

permite visualizar y comprender principios fundamentales 

de su funcionamiento asi como la cinemática de este. 

Relacionando el método tradicional de cinemática llamado 

Polígono de velocidades con el diseño CAD, manufactura 

aditiva y control automático. El objetivo de este proyecto 

es generar un prototipo didáctico controlable que nos 

permita visualizar y comprender conceptos fundamentales 

de funcionamiento del mecanismo asi como información 

en tiempo real de la cinemática de sus juntas 

(nodos).Atreves de la base de datos generada por un 

sistema de instrumentación creado en LabVIEW, 

simulación de movimiento del diseño CAD y el método  

gráfico polígono de velocidades, se encontró que la 

velocidad de nodo corredera coincide en los tres métodos 

logrando asi un dispositivo que nos permite ofrecer un 

enfoque más práctico, en el desarrollo de habilidades 

técnicas, resolución de problemas de mecanismos en los 

alumnos de licenciatura en mecatrónica, mecánica  e 

Industrial. 
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Introduction 

 

The need for didactic elements is based on the 

importance of having effective tools that 

facilitate the understanding of complex 

theoretical concepts. In this sense, the project 

seeks to provide students with a tangible and 

visually attractive experience, allowing them to 

closely observe the operation and interactions of 

the components of the mechanism. This 

contributes to strengthen their understanding and 

retention of the theoretical concepts associated 

with the sliding crank. This is intended to 

mitigate the students' difficulty in understanding 

complex concepts of kinematics, mathematical 

processes and concepts of operation through the 

creation of the device and the implementation of 

instrumentation and control. 

 

Conceptual framework 

 

A. Didactic devices 

 

Didactic devices are educational tools 

specifically designed to facilitate the teaching 

and learning of theoretical concepts. These 

devices provide a practical and tangible 

experience that allows students to interact with 

the content in an active way. According to 

Johnson (2010), didactic devices help improve 

comprehension, retention, and transfer of 

knowledge 

 

B. Learning theories 

 

Several learning theories support the importance 

of hands-on experience and meaningful learning. 

The constructivist approach, proposed by Piaget 

(1977), argues that knowledge is actively 

constructed through interaction with the 

environment. In addition, Kolb's (1984) 

experiential learning theory emphasizes the 

importance of direct experience in the learning 

process. 

 

C. Pedagogy 

 

Pedagogy refers to the study of the methods and 

approaches used for teaching. In this project, a 

student-centered pedagogical approach is 

adopted, where learning is facilitated through 

active participation and guided exploration. 

According to Vygotsky (1978), learning occurs 

in a social context and is strengthened through 

interaction with others and teacher mediation. 

 

D. Mechanism 

 

A system of mutually adapted parts that work 

together but cannot constitute a complete 

machine. Designed to transmit and transform 

movements that can be defined as a kinematic 

chain. 

 

E. Computer aided design 

 

According to Klockner and Jowers (2015), CAD 

is defined as "a computational system that allows 

designers to create, modify, and analyze digital 

representations of objects and systems, with the 

goal of facilitating decision making in the design 

process." 

 

F. Simulation. 

 

According to Bechthold and Maier (2019), 

motion simulation in SolidWorks is "an analysis 

and evaluation process that uses digital assembly 

models to simulate motion and interactions 

between components in a virtual environment." 

Through motion simulation, designers can 

identify potential problems, optimize design, 

improve motion efficiency, and evaluate system 

performance prior to manufacturing. 

 

G. Instrumentation. 

 

According to Doebelin and Manik (2014), 

instrumentation is defined as "the art and science 

of measuring and controlling physical and 

chemical variables." It involves sensor selection 

and calibration, electronic circuit design and 

assembly, data acquisition, and signal 

processing, among other aspects. 

Instrumentation is applied in a wide range of 

industries and fields, such as medicine, 

engineering, scientific research and industrial 

automation. 

 

Methodology 

 

In this project, a methodology that combined 

experimentation, pedagogical methods and 

technical engineering concepts was used, which 

also allowed addressing the objectives of the 

project in an integral manner, promoting both 

practical learning and the development of 

technical skills. 
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- Experimentation played a fundamental 

role in the project, as it allowed empirical 

testing and analysis of the components and 

systems involved. Through 

experimentation, real data were obtained 

and the behavior of the elements was 

observed under different conditions and 

situations. 

 

- Pedagogical methods were applied to 

facilitate the learning process, which 

included the use of didactic devices, 

practical demonstrations, theoretical 

explanations and interactive learning 

activities. These pedagogical strategies 

fostered understanding and retention of 

technical engineering concepts, enabling 

participants to acquire knowledge 

effectively. 

 

- The combination of experimentation with 

pedagogical methods and technical 

engineering concepts resulted in a holistic 

and enriching approach to project 

development. This methodology not only 

allowed the acquisition of theoretical 

knowledge, but also its practical 

application, which favored significant 

learning and the achievement of the 

proposed objectives. 

 

A. Design diagram of the position of the 

crank-crank mechanism with slider 

 

The connecting rod-crank mechanism with slide 

is found in most of the alternative internal 

combustion engines (MCIA), where it generates 

a linear movement in the piston (produced by the 

explosion of gasoline) and is transmitted by the 

connecting rod (converting it into a circular 

movement in the crankshaft that is transmitted 

by the wheels). This mechanism is also 

convenient to use in industrial machines that 

contain similar movements on a constant basis.  

 

Figure 1 shows the position diagram of 

the mechanism proposed in the project. 

 
 

Figure 1 Position diagram of the crank crank mechanism 

with slide 

Source: Own source 

 

As can be seen in Figure 1, the 

mechanism design contains 3 links counting the 

base or also called origin. 

 

List of links with measurement 
 

NAME MEASUREMENT 

mm 

MEASUREMENT 

cm 

Link AB 41 4.1 

Link BC 30 3 

Link CD 100 10 

Link AD base  

 

Table 1 Measurements of the links of the mechanism 

Source: Own source 

 

This position diagram allows to perform 

the kinematic analysis by graphical method 

using velocity polygons, as well as the position 

analysis using SolidWorks software. 

 

B. Velocity polygon analysis 

 

Next, the analysis of the velocity polygon 

corresponding to the example proposed for the 

design of the didactic prototype is presented, 

which will allow us to analyze the velocity of the 

kinematic joints that we will call A, B, C and D. 

The analysis of each link was carried out and, 

when observing the operation, we can see that 

the link AD is a link that according to the theory 

of mechanisms is defined by its operation as a 

guide or support, whose main characteristic is 

that both the kinematic joint or also called nodes 

A and D have a speed of 0 since the link has no 

movement. 

 

The linkage AB has as characteristic that 

function is the driving link that is to say that 

receives the input movement that will be 

transformed or transmitted through the 

mechanism is input speed is given RPM is a 

constant speed throughout the process. 
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The next link BC is a transducer, it is an 

element that in the mechanism transforms or 

transmits the driving motion to the driven link; 

the kinematic joint B behaves like a seesaw and 

its velocity is known as relative velocity since it 

is born from a loose link, that is, it does not have 

a fixed node without movement, while node C is 

connected to the slide, which is the driven link 

that results in a linear motion. 

 

The general formula for solving the 

kinematics of a mechanism using the velocity 

polygon method is as follows: 

 

𝜐𝑎 = 𝜔1 ∗ 𝑅𝑎𝑏                                          (1) 

 

Where: 

 

𝒗𝒂= Node velocity at km/h  

 
𝝎𝟏= angular velocity of link AB (rad/h) 

 
𝑹𝒂𝒃= length of link AB (km) 

 

The velocity of node A is known as an 

absolute velocity because it originates from a 

linkage with a fixed point. 

 

The velocity polygon method is a 

technique used in mechanism kinematics to 

determine the velocities of the points of interest 

in a mechanical system, which is based on the 

analysis of the absolute and relative velocities of 

the points in a moving mechanism. 

 

According to Shigley and Uicker (2007), 

the velocity polygon method is based on the idea 

that the velocity of a point in a mechanism is 

composed of two components: the absolute 

velocity and the relative velocity. The absolute 

velocity refers to the velocity of the point with 

respect to a fixed reference system in space, 

while the relative velocity refers to the velocity 

of the point with respect to another point or body 

in the mechanism. 

 

The method consists of drawing a 

velocity polygon where each side represents the 

absolute or relative velocity at a specific point in 

the mechanism. The length and direction of each 

side of the polygon are determined using the 

ratio of relative velocities and the angular 

velocities of the bars of the mechanism. 

 

 

 

Velocity polygon analysis allows one to 

visualize and understand the velocity 

relationships in a mechanism, as well as 

determine the velocity of the points of interest as 

a function of the input velocities. This technique 

is especially useful in the design of mechanisms 

to ensure proper and efficient operation. 

 

The data obtained, which corresponds to 

the velocity of node B, is the starting point for 

developing the graphical method known as the 

velocity polygon. 

 

C. CAD design of the prototype. 

 

The design of the links that will make up the 

prototype was made by means of the CAD 

SolidWorks software to make the mechanical 

designs, where the measures proposed in the 

position diagram were taken into account, since 

the design of the base and the slide were based 

on it, because if the measures are even larger 

there would be some conflicts, at the time of 

making the 3D printing of the parts and also to 

be able to perform the necessary motion 

simulations for this project. 

 

The following are the schematics of the 

links, base and slider, designed for the crank 

crank mechanism with slider. 

 

1) Base design. 

 

The design of the base is based on the maximum 

displacement exerted by the crank with respect 

to the slide. Measurements were taken of the 

maximum and minimum length, all this based on 

the dimensions of the crank and the connecting 

rod. The special type of cut was made so that the 

slide does not leave its displacement trajectory 

when executing the movement of the 

mechanism. 
 

 
Figure 2 Prototype base design in SolidWorks 

Source: Own source 
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2) Prototype slide design. 

 

Regarding the detection parameters of 

the TF-LUNA sensor, indicated in its data sheet, 

they were implemented in the area of the face of 

the slide, in addition to adapting it to the base so 

that it can move without leaving it, for which a 

rail shape was designed, giving it contact 

tolerance with each part to avoid friction and 

generate wear or heat. 

 

In addition, 4 slots were placed in the 

base to place the fasteners on a board as a 

support, when the 3D printing is done, and 

another for the placement of the connecting rod 

with the slide. 
 

 
 

Figure 3 Prototype slide design in SolidWorks 

Source: Own source. 

 

In addition to the design of these parts, 

the graphic projection of an additional link was 

made for the placement of a sensor that will 

allow us to measure the position of the slide in 

real time, which will allow us to obtain the 

kinematic behavior in real time. 

 

 
 

Figure 4 Design of the TF LUNA sensor base in 

SolidWorks 

Source: Own source 

 

 

 

 

 

3) Link design. 
 

In the design of the links, the measures 

proposed with the design of the base were 

respected, because, if a modification is made 

with larger measures of the connecting rod and 

crank, there would be conflicts when doing the 

simulation (using the CAD SolidWorks 

software) in the motion analysis, if the lengths 

are changed, they would collide and the 

prototype would not be able to work. 
  

Figure 4 Figure 5 Figure 6 

 

 

 

Link AB Link BC Link CD 

 

 

Table 2 Table of links of the prototype in SolidWorks 

Source: Own source 

 

For the real prototype to work, it is 

necessary a motor source to execute the rotary 

movement of the crank link, with which an 

encoder motor with a maximum angular speed of 

60rpm was incorporated, with a minimum 

voltage of 6v and a maximum of 12v.  

 

The encoder motor is installed from link 

BC of the mechanism to the output node, in such 

a way that link AB serves as a base for the 

encoder motor. In this case, in order to know the 

behavior of the encoder motor and the nodes of 

the slide captured in graphs, we used the 

programming in Arduino IDE and the virtual 

instrumentation software LabVIEW. 

 

The device monitoring and control 

system was performed in two phases in Arduino 

programming was performed to control the 

motor. For the control and data reading 

LabVIEW was used which allowed us to read 

and graph the data obtained from the sensor, 

being able to monitor behaviors of the 

mechanism such as speed, acceleration rpm, etc.. 

Both were interconnected by simple 

programming protocols in the serial port. 

 

The operation of the encoder in the 

crank-crank mechanism is described as follows: 
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When link AB of the mechanism rotates 

(the encoder), link BC performs a pendulum 

motion at node B and node C performs a 

rectilinear motion. The encoder is designed with 

a series of slots or encoded signals on its rotating 

disk, which are read by a sensor. As the disk 

rotates, the sensor reads the information encoded 

in the slots and sends an electrical signal 

proportional to the rotational speed in rpm. 

This electrical signal is processed and used to 

control the speed of the mechanism and monitor 

its performance.  

 

D. Motion simulation in SolidWorks 

Motion. 

 

SolidWorks offers a motion simulation engine 

which is called SolidWorks Motion, this can 

perform the kinematic analysis of assemblies of 

parts designed in CAD which was used to 

perform the motion analysis of our digital 

prototype which will allow us to analyze and 

check the following points. 

 

− Verification of interferences in the 

assembly. 

 

− Checking tolerances in the design. 

 

− Motion simulation with a virtual motor 

configured in variables different from 

RPM. 

 

− Kinematic analysis of the prototype nodes. 

 

These analyzed points will allow us to 

reduce the probable failures before the 

manufacture of the prototype and to check, 

compare the results of the kinematic analysis of 

the prototype with the results of the analytical 

solution model by graphical methods. 

 

 
 

Figure 5 Crank crank mechanism assembly with slide. 

Source: Own source 

 

In the analysis parameters, the study was 

carried out for the Speed and Acceleration of the 

connecting rod with a constant angular velocity 

in the BC crank of 30 RPM. 

 

 
 

Figure 6 Velocity and acceleration graph of node B 

Source: Own source. 

 

Where: 

 

− The blue colored line is the presentation of 

the crank velocity. 

 

− The red line is the acceleration of the 

crank. 

 

Which indicates, as the theory tells us, 

the driving link which is the crank, link BC, has 

a constant angular velocity, so it does not present 

any variation throughout the simulation. This 

simulation was carried out with an input speed 

of 30 RPM. The analysis of the connecting rod 

link CD takes into account that the node C is 

connected with the crank this node behaves as a 

seesaw, the graph obtained from the analysis 

presents a sinusoidal behavior, where this 

increases when the crank is at the maximum 

point that has been emerged in the simulation of 

the engine. This takes as a reference the thrust 

exerted by the motor through the angular 



25 

Article                                                                                 Journal of Information Technologies 
                                     June 2023, Vol.10 No.29 19-27 

 

 

 

ISSN: 2410-4000 

ECORFAN® All rights reserved. 
PERERA-CORTEZ, Miguel Angel, JACOBO-CORTÉS, Edgar 

Antonio, FARFÁN-MARTINEZ, Rosalío and HIDALGO-

ARCOS, Wilberth. Prototype design education for cinematic 

learning mechanisms:aplications to the mechanisms to conrod 

crank with runner. Journal of Information Technologies. 2023  

velocity. In the speed analysis, it also behaves in 

a sinusoidal way; however, in an inverse way. 
 

 
 

Figure 7 Velocity and acceleration plot of node c.  

Source: Own source 

 

Similarly, the analysis of node D, which 

is connected to the sliding link, a kinematic 

analysis was performed, it is worth mentioning 

that it has a defined rectilinear pendular motion. 
 

 
 

Figure 8 Velocity and acceleration graph of node D. 

Source: Own source 

 

E. Additive manufacturing (3d printing) 

 

The aforementioned model of the mechanism 

designed in SolidWorks. The mechanism was 

printed in PTG material in order to make the 

instrumentation of the prototype. In order to 

corroborate the data generated in the simulation 

and the analysis of the graphic method in 

SolidWorks. 
 

 
 

Figure 9 3D printed CAD prototype 

Source: Own source 

 

F. Instrumentation 

 

The following variables were measured for this 

prototype: 

 

 

 

- Revolutions per minute (RPM) 

 

- Speed (
𝑐𝑚

𝑠𝑒𝑔
) 

 

- Acceleration  (
𝑐𝑚

𝑠𝑒𝑔2)  

 

To measure the RPM data was used an 

encoder (programmable electronic circuit that 

measures the number of turns of a direct current 

motor [dc or dc] in seconds), quadrature where it 

is attached to the rear of the motor; this module 

is taking a signal when it is assigned a certain 

voltage management to run the motor and with 

the appropriate conversion (programmed by the 

user) that is benefited with programming, you 

can get the value of the RPM required to display 

in the LabVIEW interface. 

 

The RPM is calculated using the elapsed 

time between pulses of the encoder when it 

makes a complete revolution of the disk and the 

actual time is programmed in the programming 

(using the Arduino IDE software). 

 

For example, if a full revolution is 

completed in 3 seconds, the RPM would be 

calculated as follows: 

 

RPM = (60 s) (1 revolution) / (time to 

make one revolution). 

 

The next thing that was calculated was 

the time, acceleration and speed at which it 

moves, for this a distance sensor (TF-LUNA) 

was placed in front of the slide, where a distance 

of 1 cm is placed so that this sensor can function 

correctly; since, if it is placed at a lower range, 

the values would be incorrect. Logically this also 

requires a configuration in the Arduino IDE 

programming. 

 

To obtain the velocity and acceleration, 

we used the distance of 7 cm between micros and 

the elapsed time from point A (right) to point B 

(left). 

 

Velocity AB= 7 cm / elapsed time A-B 

 

Velocity BA = 7 cm / elapsed time B-A 

 

Velocity BC = 7 cm / elapsed time A-B 

 

Velocity CB = 7 cm / elapsed time B-A 
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For the programming of the device two 

Arduino boards were used, one for the 

programming of the encoder motor and the other 

for the TF-LUNA sensor, and LabVIEW was 

used for the visual interface. 

 

 
 

Figure 10 Prototype control and monitoring interface 

Source: Own source 

 

Results 

 

Next, the results obtained in the kinematics 

simulation of the software are presented as 

explained above, the velocity and acceleration 

analysis was performed with respect to node C. 

with a position of 45° already described above 

and with a speed of 30 RPM. 

 

 
 

In the following table it describes the 

velocity at position 1 of 45° which gives the 

result -5.7646E+01 

 

  Speed 7 (mm/sec) 

Photo frame Time Coordinate system ref: 

1 0.000 -5.7646E+01 

   

 

And finally describe the acceleration at 

position 1 of 45° which gives as result -

1.9333E+02 

   
Acceleration 4 (mm/s) 

Photo frame Time Coordinate system ref: 

1 0.000 1.9333E+02 
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Conclusions 

 

It can be concluded that the design of the device 

and the results obtained showed a close 

coincidence between 5% and 10%. This close 

coincidence is significant, since it allows users 

to understand and differentiate the concepts of 

operation and kinematics in different scenarios. 

 

The design of the device, performed 

using SolidWorks CAD software, was based on 

specific measurements and considered the 

dimensions of the links proposed in the position 

diagram. The motion simulation in SolidWorks 

Motion allowed to analyze the velocity and 

acceleration of the mechanism nodes, providing 

a visual representation of the system behavior. 

 

The results obtained in the simulation, in 

terms of velocity and acceleration, were 

compared with the theoretical data calculated 

using graphical methods. The agreement 

between the experimentally obtained results and 

the theoretical results was close, with a margin 

of error of 5% to 10%. This indicates that the 

designed and simulated device was able to 

accurately and reliably represent the concepts of 

operation and kinematics of the crank-crank 

mechanism with slider. 
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This close match between the device 

design and the results obtained is of great 

importance, as it provides users with the 

opportunity to understand and differentiate 

theoretical concepts in a practical and tangible 

environment. By observing the actual operation 

of the mechanism and comparing it with the 

theoretical results, students can strengthen their 

understanding of the principles of operation and 

kinematics in different scenarios. 
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Abstract 

 

This work presents the design of a mobile application that 

serves for teaching the management of Arduino UNO 

electronic cards, it proposes the implementation of the 

teaching methodology based on projects, which consists of 

guiding the user, through a series of activities, to the 

development of a project ranging from the analysis of a 

programming algorithm, through the development of the 

main program and ending in the connection of the circuit 

through a virtual animation model, in addition it will be 

possible to keep track of each user. The design is intuitive 

and the user will be able to navigate in a simple way, 

avoiding the saturation of information on the screen, the 

architecture of the application is simple to understand as it 

consists of a system that guides the user through each 

window of the application. The design of the App is 

validated by performing a test on the Figma platform, 

which helps to simulate its behavior and obtain the real 

reactions of the users. The design and teaching 

methodology is based on surveys to the students of the 

Centro de Bachillerato Tecnológico Industrial y de 

Servicios (C.B.T.i.s) No. 86 to obtain an objective analysis 

of their navigability and interaction with the App. 

 

 

 

Teaching, Ardino, Mobile app 

Resumen 

 

Este trabajo presenta el diseño de una aplicación móvil que 

sirva para la enseñanza del manejo de tarjetas electrónicas 

Arduino UNO, este propone la implementación de la 

metodología de enseñanza basada en proyectos, que 

consiste en guiar al usuario, mediante una serie de 

actividades, al desarrollo de un proyecto que va desde el 

análisis de un algoritmo de programación, pasando por la 

elaboración del programa principal y finalizando en la 

conexión del circuito mediante un modelo de animación 

virtual, además se podrá llevar un seguimiento 

personalizado de cada usuario. El diseño es intuitivo y el 

usuario podrá realizar la navegación de forma sencilla, 

evitando la saturación de información en la pantalla, la 

arquitectura de la aplicación es simple de comprender ya 

que consiste en un sistema que va guiando al usuario por 

cada ventana de la aplicación. El diseño de la App se 

valida realizando una prueba en la plataforma Figma, que 

ayuda a simular su comportamiento y obtener las 

reacciones reales de los usuarios. El diseño y la 

metodología de enseñanza se basa en encuestas a los 

alumnos del Centro de Bachillerato Tecnológico Industrial 

y de Servicios (C.B.T.i.s) No. 86  para obtener un análisis 

objetivo de la navegabilidad e interacción de estos con la 

App. 

 

Enseñanza, Arduino, Aplicación móvil
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Introduction 

 

The Internet of Things (IoT) is a term that has 

become very relevant in recent years, devices 

like Amazon Alexa have undoubtedly had a 

great impact on how we can integrate technology 

into everyday life and not see it only for the 

industrial use [5]. With the help of Arduino, we 

have the facility to learn to create this type of 

device in an easy way and at a low cost, being a 

free software, we have the advantage of having 

a community for the exchange of information 

and being able to develop a great variety of 

projects of easy and simple way. 

 

The current generation is living very 

dependent on technology, most of the young 

people have a smartphone that can be beneficial 

or harmful in the social and emotional sphere, 

since depending on the use of technology, it can 

be used or everything otherwise generating a risk 

in young people [4]. 

 

Today, for mobile devices, there are 

various types of applications for the use and 

programming of Arduino boards, so it is 

important to identify their characteristics and, in 

this way, make a comparison, see Table 1, which 

serves as an instrument to define the 

characteristics. that should cover the proposed 

application and present advantages over them. 

 
Name free Language Algorithm Code Circuit Guide / 

Help 

Arduino 

Tutorials 

You 

have to 

pay for 

more 

features 

English No Solo tiene 

comentarios 

still image No 

programar 

Arduino 

Español 

Yes Spanish No Solo tiene 

comentarios 

still image No 

ArduinoDr

oid 

Yes English No Solo tiene 

comentarios 

No limited 

Bluino 

Loader-

Arduino 

IDE 

Yes English No Es compilador No No 

Arduino 

Bluetooth 

Controller 

Yes Spanish No Solo 

comunicación 

Bluetooth 

No No 

Arduino 

basic 

Yes English No Solo tiene 

comentarios 

still image limited 

Aprende 

Arduino 

Yes Spanish Si guía de 

elaboración 

animated 

circuit 

Yes 

 

Table 1 Comparison of app for Arduino 

Source: Own elaboration  

 

This work is divided into four main 

sections, starting with the techniques used to 

learn programming with the use of software, 

followed by an analysis of the project-based 

learning methodology, we continue with an 

explanation of how the application works and we 

finish with the results obtained. 

 

 

 

 

Electronic card learning 

 

Currently there are a wide variety of 

programming languages, as well as 

environments, each language can be used for a 

specific purpose or have tools that help solve 

problems based on a certain programming 

paradigm [1]. As we can analyze, for the world 

of programming there are several options that 

can be used according to our needs, but the 

disadvantage is that having a wide variety of 

tools makes it difficult to choose the most 

appropriate one, and according to our choice it is 

necessary learning specific syntax, statements 

and methods, so it is often confusing to 

understand without the help of a guide, despite 

the large amount of information we can obtain 

[2]. 

 

To carry out this project, it is considered 

to carry out an analysis for the elaboration of the 

Arduino learning application in the C.B.T.i.s No. 

86 campus where in the fourth semester study 

plan of the Mechatronics Technician career there 

is the submodule called : "Use and program 

electronic control cards", where the skills to be 

developed by the student are indicated, see Table 

2, these will be the basis of the learning method 

for the App. 

 
SUBMODULE Use and program electronic control cards 

COMPETENCES/CONTENT TO BE DEVELOPED 

No. Professional Competition 

1 It uses programming languages oriented to Mechatronic Systems 

2 
It uses equipment, tools and components used in the development of 

prototypes with electronic control cards. 

3 
Implements mechatronic systems with modular platforms using 

electronic control cards 

No. situations 

1 

• • Identifying the languages for the control card 

• • Using algorithms, flowcharts and coding 

• • To solve control problems 

• • Participating in work teamsSiguiendo instrucciones y 

procedimientos establecidos por el maestro 

2 

• • Selecting the types of microcontrollers on control cards 

• • Applying the programs generated in the programming 

language 

• • Carrying out integrative practices for mechatronic systems. 

• • Using system equipment that contains modular platforms for 

microcontrollers on control cards according to the instructions 

in the manufacturer's service manual. 

• • Maintaining order and cleanliness in the work area. 

• • Working collaboratively 

3 

• • Applying modular platforms for microcontroller in control 

cards according to the indications of the proposed diagram. 

• • Solving conditions raised for modular platforms with 

microcontrollers of the electronic control cards. 

• • Carry out programs in microcontrollers in electronic control 

cards applicable to mechatronic systems. 

• • Developing mechatronic projects 

• • Working collaboratively 

 

Table 2 Competences to develop in the Mechatronics 

Technician career 

Source: Undersecretary of Higher Secondary Education 
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It can be seen that the first competence 

covers the identification of the programming 

language, which in this case is C language for 

Arduino cards and in the section of flowcharts, a 

stage of construction of flowcharts is considered 

in the development process before do the coding 

part. 

 

To cover the second competition, a 

project-based learning (ABP) is implemented, 

which will generate small projects which will 

provide a greater understanding of it. 

 

Finally, for the third competition, and for 

students to have a better understanding of the 

operation of the Arduino card, there will be a 

section on assembly and simulation of the 

electronic circuit to see how the physical 

operation of the card will be. 

 

Application of project based learning 

 

Project-based learning (ABP) is not only used to 

demonstrate what the student has learned, as 

happens on many occasions in educational 

centers with the so-called "Final Project", but it 

is based on learning during practice, in which it 

is carries out a set of activities (Projects) where 

solutions or problems are analyzed through 

research, generally autonomous, so that the 

student finds it attractive and can give a practical 

solution [3]. 

 

Role of the teacher: 

 

In this methodology, ABP, the teacher 

has the role of generating a necessary 

environment, guiding the student so that they can 

obtain the adequate information, obtain the 

necessary bases and go through an adequate 

process where feedback is provided, their 

problems are diagnosed. , solutions are offered, 

reinforce both group and individual efforts and 

finally their student results are evaluated. On this 

occasion, the teacher goes into the background 

so that the student is the main actor, which leads 

to an in-depth analysis of the problem to be 

solved focused on the central theme of learning, 

where the teacher has the difficult job of 

designing the appropriate projects. so that they 

meet the appropriate characteristics and achieve 

the learning objectives. This is not an easy task 

since it implies having a high command of the 

subject and being as clear as possible to reduce 

doubts to the student during the process. 

 

Role of the student: 

 

In this part the student has to form a self-

taught attitude, we know that throughout an 

academic training, most of the time, the teacher 

is behind the student to provide all the facilities 

in learning, he always points out the topics to be 

investigated. , the questions to answer, but in this 

case everything changes, the student is the main 

actor of his own learning, he has to take the reins 

of knowledge and be critical in terms of the 

information he can obtain, his progress in the 

carrying out their activities, since by a bad 

choice, or lack of judgment, it can become a 

serious problem as they progress in the 

development of their learning. 

 

Advantages and disadvantages of ABP: 

 

Advantages: 

 

- Develops student autonomy. 

 

- Generates a motivation for learning. 

 

- Strengthens teamwork. 

 

- Promotes the creativity of the students. 

 

- Create a self-critical environment. 

 

- Implements information search 

techniques. 

 

- Integrates different areas of knowledge. 

 

Disadvantages: 

 

- There is no exact guide for its application. 

 

- Teachers prefer a traditional assessment. 

 

- The student does not have the necessary 

experience. 

 

- It is a greater workload for the students. 

 

Application design 

 

The application is designed in an intuitive way, 

the user will be able to navigate easily, avoiding 

information saturation on the screen.  
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The application architecture is simple to 

understand since it consists of a system that 

guides the user through each application 

window. To better explain it, see Figure 1 where 

the navigability routes are presented. 

 

 
 

Figure 1 Application navigability 

Source: Own elaboration  

 

The application will be divided into three 

main sections: 

 

a. Projects. 

 

b. progress 

 

c. Information. 

 

These sections are divided into three, to 

provide efficient navigation (Figure 2) and not 

make the application too robust by complicating 

its functionality. The sections, despite appearing 

to work separately, work together as they will 

have shared links that will be explained later. 

 

 
 

Figure 2. Application main menu 

Source: Own elaboration  

 

“Projects” section: This section is 

divided into a menu of projects and, for each 

project, three activities that the user will have to 

carry out to complete the selected one and, 

finished or not, can choose another to carry it out 

(Figure 3). 

 
 

Figure 3. Main window of the "Projects" section 

Source: Own elaboration 

 

For the first activity of the project, work 

will be done on the design of the programming 

algorithm, thus fulfilling the first competence of 

the study plan for technological baccalaureates. 

This activity consists of, using a puzzle, making 

a flowchart arranging the elements correctly 

(Figure 4). 

 

                  
 

Figure 4 First activity of the "Projects" section 

Source: Own elaboration  

 

This and the following two activities 

contain three support buttons that interact with 

each activity to perform; Restart, Help and 

Review (figure 5), each one will have a specific 

function as shown below: 

 

- Restart: Once started, it restores the 

activity to how it was at the beginning. 

 

- Help: At the moment of pressing, a dialog 

box is generated to help the user to finish 

the activity. 

 

- Review: Once the activity is finished, it 

will be to verify to know if it was carried 

out correctly and later to be evaluated. 

 

The elements 

can be 

dragged, to 

order them, 

on the right 

side. 
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Figure 5 Function buttons in the "Projects" section 

Source: Own elaboration  

 

For the next activity, the algorithm 

previously carried out will have to be coded 

(Figure 6), for this the same Restart, Help and 

Review buttons will be available, but with the 

difference that, in the help button, when the 

dialogs appear, it will show a link (See more...) 

that, in the case of needing more information, 

will connect to the "Help" section to review 

descriptions, syntax and examples of the 

statements seen in the current activity. 

 

 
 

Figure 6 Second activity of the "Projects" section 

Source: Own elaboration  

 

Finally, to finish the project, the 

connection of the electrical circuit will have to 

be made (Figure 7), where all the necessary 

elements will be shown (sensors, buttons, 

modules, transistors, leds, resistors, etc.). here 

the user will have to connect the electronic 

components with the Arduino UNO to later 

simulate the practice and verify its operation, in 

case the user cannot make the connection 

correctly, there will be the option of help to 

obtain the necessary information and terminate 

the connection. 

 

 

 
 

Figure 7 Third activity of the "Projects" section 

Source: Own elaboration  

 

"Progress" section: The progress section 

is directly connected to the previous one 

(Projects), once the code has been reviewed and 

it is correct, the app will go to the progress 

section where the score obtained in the activity 

carried out will be displayed. 

               

 
 

Figure 8 Third activity of the "Projects" section 

Source: Own elaboration  

 

For this section there will be an initial 

menu, similar to the "Projects" section where 

you can choose any project you want (Figure 9a) 

and you can view the progress individually, how 

much has been completed, your rating and the 

status of the competencies obtained. Once the 

project is selected, we will be shown a screen 

with the score of the activity using a star scheme 

(Figure 9b). 
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a.                                       b. 

 

Figure 9 a) Menu of the "Advances" section and b) 

Advance information screen 

Source: Own elaboration  

 

To calculate the score, the number of 

attempts for each activity is considered, 3 

activities in total and there will be a limit of 3 

attempts per activity giving a total of 9 attempts, 

each attempt will be subtracted 15 from a total of 

100 points, that is, if the user has 2 failed 

attempts, 30 points will have been subtracted and 

therefore he will only get 70/100 points, which 

means that the competition is in progress. 

 

To better define the score, we have Table 

3 where the highlighted boxes are the failed 

attempts during an activity. 

 
Competence Act. Attempts Total Progress 

1 1 1(x15) 1(x15) 1(x15) 85 Developing 

2 2 1(x15) 1(x15) 1(x15) 100 developed 

3 3 1(x15) 1(x15) 1(x15) 55 not 

developed 

 

Table 3 Score analysis for the "Projects" section 

Source: Own elaboration  

 

The progress obtained will be displayed 

in a window showing the process obtained in 

each competition (Figure 10), the information 

can be concentrated in a PDF file where it can be 

downloaded and shared by any means. 

 

 
 

Figure 10. Competition process screen 

Source: Own elaboration  

 

"Information" section: In this you can 

consult all the information (Text and images) of 

the Arduino UNO electronic card, the section is 

divided into three sections: Basic concepts, 

Programming language and Hardware (Figure 

11). 

 
 

Figure 11 Menu of the "Help" section 

Source: Own elaboration  

  

In the Basic Concepts section, we will 

find information about the Arduino UNO cards 

(Figure 12), this will work as an introduction for 

those users who do not have any kind of prior 

knowledge, as well as the preliminaries to start 

the design of a program by developing an 

algorithm in basic programming. 

 

                  
 

Figure 12 Basic concepts of the “Information” section 

Source: Own elaboration  

 

In the Programming Language section 

(Figure 13) we will have everything necessary 

regarding the structure of the program, as well as 

the syntax, description of statements and 

commands, as well as examples of the different 

programming codes. It is worth mentioning that 

this information will be linked to the "Projects" 

section and thus help the user to carry out the 

activity in progress. 

 



34 

Article                                                                                 Journal of Information Technologies 
                                     June 2023, Vol.10 No.28 28-35 

 

 
 

ISSN: 2410-4000 

ECORFAN® All rights reserved. 
VAZQUEZ-GUERRERO, Julio Cesar, HERNÁNDEZ-LUNA, Aldo, 

SAMPAYO-RODRIGUEZ, Carmen Jeannette and TORRES-JIMÉNEZ, 
Jacinto. Design of an application for the teaching of the Arduino one 

board in technological high schools, case study C.B.T.I.S 86. Journal of 

Information Technologies. 2023 

                   
 

Figure 13 Programming language of the "Information" 

section 

Source: Own elaboration  

 

Finally, in the Hardware section we will 

have a description of the different Arduino 

sensors and modules, initially a menu of images 

of the different modules and sensors that can be 

used with the Arduino UNO card will be shown, 

you will have to click on the image of the desired 

element and a screen will open that will show all 

the information of the selected element, it will 

have a description, an example of the 

programming code and a connection diagram 

(Figure 14). 

 

                   
 

Figure 14 Hardware in the "Information" section 

Source: Own elaboration  

 

Results 

 

To verify the operation of the app, a design test 

was carried out on the "Figma" platform, which 

helps to simulate the behavior of the app and 

obtain the real reactions of the users. Students 

with knowledge of the C.B.T.i.s No. 86 area 

were surveyed to obtain an interaction analysis, 

with this to know how comfortable they feel with 

the navigability of the App and to give an 

objective critique of the contents. 

 

 

 

 

To carry out the study, they were asked 

to answer the following closed questions to later 

carry out an analysis and find out if the proposed 

design of the application meets its objective: 

 
Question Yes No 

1. Do you use an Android device? 52 2 

2. Have you used the Arduino UNO 

board? 

54 0 

3. Do you feel that the activities carried 

out present a challenge? 

45 9 

4. In the first part of projects, is the 

exercise of making the flowchart 

understood? 

54 0 

5. In the second part of the projects, was 

it difficult for you to understand the 

activity of creating programming 

code? 

51 3 

6. Is the electrical circuit connection 

section understandable? 

54 0 

7. Would you like to be able to generate 

a PDF file of your progress? 

54 0 

8. Do you think that the projects will be 

useful in your studies? 

52 2 

9. Do you think it is difficult to 

understand how the app works? 

48 6 

10. Do you think that the app does cover 

the competencies of the career in the 

sub-module "Use and program 

electronic control cards"? 

43 11 

 

Table 4 Questionnaire made to students of the C.B.T.i.s 

No. 86 

Source: Own elaboration  

 

Once the students were surveyed, the 

following graph was obtained: 

 

 
 

Graphic 1 Results of the survey carried out on students of 

C.B.T.i.s No. 86 

Source: Own elaboration  
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Conclusions 

 

With the help of graph 1, we can see that the 

viability of the application also presents an 

attraction for upper secondary level students, the 

sample taken from the population has basic 

knowledge in the use of electronic cards, for this 

reason there were no problem in understanding 

certain aspects of the activities proposed in the 

design of the app, and it was chosen in this way 

so that students can give a reliable opinion of its 

content. 

 

In conclusion, the App presents an 

impact on the interest and development of 

learning electronic cards, in addition to its design 

if it is adequate for its understanding and 

manipulation. In the survey, a fundamental 

question was added (Question 2), in which we 

can observe that most of the mobile devices used 

handle the Android operating system, so it will 

be considered to code the App for it. 

 

We see that project-based learning 

(ABP) is the appropriate methodology for this 

application, because it focuses on the autonomy 

of the student, he will carry out the activities by 

himself without the constant help of the teacher 

because the App will give him the guidelines To 

solve the doubts that arise during the 

development of each activity, we can also rescue 

the download of the teacher's work, this App will 

serve as a reinforcement for the student of what 

they have learned in class and they can review as 

many times as they want. 

 

 

This application, after making the first 

version and it is fully working, will have to be 

constantly updated, we know that Arduino has a 

fairly large community and being free software, 

it tends to grow in terms of its structure as well 

as in terms of component compatibility. 
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Abstract 

 

Topics considered difficult for university students taking 

some  courses  in  computer sciences  could  cause  them 

academic stress, mainly when for this kind of topic, there 

is little or no didactic material available to the instructor, 

that she could use as a teaching-learning tool. This kind of 

tool can help the student to learn or reinforce her 

knowledge on her own. In this work, we describe the 

proposal of a teaching-learning interactive tool for the 

course of operating systems, and it is about the 

implementation of a simulator to learn some page- 

replacement algorithms in operating systems that allow the 

student to identify not only the replacement algorithm, but 

also the important elements associated with the 

functioning of these algorithms, like the dispatcher, the 

processes, the instructions and the clock. So far, a 

prototype of simulator that implements the page- 

replacement algorithm, called aging, that uses Round 

Robin as a dispatcher algorithm has been built. With this 

kind of tool, we hope in the future, to contribute to the 

decrease of academic stress by facilitating the professor´s 

teaching process and to achieve meaningful learning. 

 

 

 

 

 

Academic stress, Page replacement, Meaningful 

learning 

Resumen 

 

Los temas considerados difíciles para los estudiantes 

universitarios, en algunos cursos de las carreras de 

Ciencias de la Computación, pueden provocarles estrés 

académico, sobre todo cuando para este tipo de temas, se 

dispone de poco o nulo material didáctico que le permita 

al docente usarlo como herramienta de enseñanza- 

aprendizaje. Este tipo de herramientas pueden ayudar al 

estudiante tanto para aprender como para reafirmar el 

conocimiento por sí mismo. En este trabajo, se describe la 

propuesta de una herramienta de enseñanza-aprendizaje 

para el curso de sistemas operativos, y se refiere a la 

implementación de un simulador interactivo para aprender 

algunos   algoritmos   de   reemplazo   de   páginas   en los 

sistemas  operativos,  que permita  a  los  estudiantes 

identificar no solo el algoritmo de remplazo, sino también 

los elementos importantes asociados con el 

funcionamiento de estos algoritmos como lo son el 

despachador, los procesos, el conjunto de instrucciones y 

el reloj. Hasta el momento se ha construido un prototipo 

del simulador que implementa el algoritmo de remplazo 

de páginas denominado aging que utiliza Round Robin 

como algoritmo de despacho. Con este tipo de 

herramientas, a futuro se    espera   contribuir   a    la 

disminución del estrés académico al facilitar la enseñanza 

del docente y lograr aprendizaje significativo. 

 

Estrés académico, remplazo de páginas, aprendizaje 

significativo 
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Introduction 

 

Academic stress occurs when a student is 

subjected to a series of demands that are stressful 

for the same student, causing an imbalance that 

generates physiological, emotional, cognitive 

and behavioral symptoms, which forces the 

student to perform coping actions [1, 2, 3]. When 

moving from high school to college, students 

must change their study habits to adapt to the 

new educational context. At this stage, students 

have increased responsibilities. For example, 

exams, expositions, and project delivery, in 

addition to their family, economic, and social 

problems, affect their academic performance, 

which generates stress [4].  Students often feel 

that no matter how hard they try in their 

schoolwork, they are unable to achieve their 

goals, and they feel anxiety at the thought of 

failing their courses, which leads them to suffer 

from academic stress [5]. Academic stress in 

students can cause anxiety, stomach aches, 

headaches, sweating, muscle tension, all kinds of 

illnesses, and in the worst cases can lead to 

suicidal ideation [6]. One of the reasons that 

causes academic stress in students is that they 

lack study habits [8] which leads to not planning 

the time to perform their academic activities 

including rest. 

 

Several strategies have been proposed to 

help reduce academic stress, for example, [7] 

proposes a tool that allows students to plan the 

time for their academic activities. In [8] a series 

of recommendations are proposed that university 

students can implement to reduce academic 

stress, and one of these recommendations is the 

following "Search for teaching-learning 

alternatives to improve the teacher-student 

interrelationship by applying new teaching 

methods and searching for new teaching 

materials that facilitate the teaching of the 

teacher". In a study presented in [9], it is 

mentioned that one of the situations that 

generates stress in university students is the lack 

of understanding of certain topics in class and 

the limited time to complete assignments, among 

others. These last ideas of [8] and [9] are the 

basis on which this work is based. Rodriguez 

[10] points out that one of the conditions for 

meaningful learning to be really achieved is the 

presentation of potentially meaningful material, 

i.e., that the material has logical meaning, it 

should not be given at random, in this way 

learning will be persistent. 

 

Due to the above, it is pertinent to create 

didactic materials that achieve meaningful 

learning, to support the understanding of class 

topics that could be classified as difficult. With 

this type of materials it is intended to reduce the 

academic stress of students by having materials, 

selected by the teacher, that are reliable, whose 

content is appropriate to the topics being 

reviewed in the course. In this way, the student 

will be able to better plan his time, and thus 

avoid wasting it in the search for material that 

may not be adequate or correct. 

 

This paper proposes the prototype of an 

interactive simulator for the teaching-learning of 

page replacement algorithms in operating 

systems. This topic in the operating systems 

course of Computer Science majors is one of the 

most stressful, confusing and frustrating due to 

its complexity.  Understanding the most 

important concepts and mechanisms involved in 

the operation of an operating system demands 

from the student a solid foundation in 

algorithms, data structures, programming and 

even digital design.   This is a problem since the 

applications of these algorithms go beyond 

operating systems and should be part of the 

arsenal of every Computer Science student. This 

paper is organized as follows: In Section 2, it 

presents the theoretical framework and 

background of the simulator for learning page 

replacement algorithms.  Section 3 discusses the 

methodology used for this work. Section 4 

discusses the design and implementation of the 

simulator prototype.  Section 5 discusses the 

results.   Finally, Section 6 presents the 

conclusions and future work. 

 

Theoretical framework and background of 

the simulator 

 

In operating systems, paging is a virtual memory 

management technique where main memory and 

part of the hard disk are used to make it appear 

that there is more main memory than a computer 

actually has.   Processes are divided into blocks 

called pages, some are placed in physical 

memory and others in secondary memory (hard 

disk). When a page is referenced and it is in 

secondary memory, it must be loaded into main 

memory, this is called a page fault. If the main 

memory is full, a page will have to be removed 

from main memory to place the one that was 

referenced. This is where some page 

replacement algorithm is used [12].  
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The function of a page replacement 

algorithm is to select the page to be replaced in 

physical memory to load the one that caused the 

page failure. The goal of these algorithms is to 

minimize the number of page faults to improve 

the performance of the operating system [12]. 

 

Some of the most common page 

replacement algorithms are: FIFO (First-In, 

First- Out), LRU (Least Recently Used), LFU 

(Least Frequently Used), NRU (Not Recently 

Used), clock algorithm, second chance 

algorithm, aging, and WsClock. [11, 12] 

 

Given the advancement of technology 

and the evolution of storage devices, some page 

replacement algorithms have been proposed or 

improved, as can be seen in [13, 14, 15]. 

 

In addition, blogs, websites, online 

courses and videos have been created to address 

the topic of virtual memory. Among those that 

can be mentioned are Simple Simple Snippets 

[16] which is a series of videos in English that 

explain several of the mechanisms involved in 

memory management, including paging. 

GeeksforGeeks [17] and Tutorials Point [18] 

which are collections of articles on operating 

system topics including virtual memory. Udacity 

[20] and Udemy [21] offer operating system 

courses. The problem with all of them is that 

they are rigid and do not allow the student to 

interact to perform exercises and check by 

himself if he has understood the topic. 

 

On the other hand, simulators have also 

been created to learn operating systems, among 

which we can mention Nachos [22], the problem 

with this simulator is that it has no graphical 

interface and is not very user-friendly; Virtual 

Memory Simulator with Paging (Ricardo96r) 

[23] is a desktop application that allows 

simulating the paging mechanism in broad 

strokes, but does not offer details of the page 

replacement algorithm; ParaCache [24] is a web 

application that provides a stepwise paging 

simulator but also does not provide details of the 

page replacement algorithm; MOSS [25] which 

is a collection of simulators to represent various 

operating system concepts, including paging, its 

graphical interface is rigid and unfriendly and 

like the previous ones does not reflect any of the 

decisions made by the page replacement 

algorithm. 

 

 

Methodology 

 

Academic stress in university students is 

influenced by many factors, many of which are 

inherent to university life. To reduce this 

condition, one of the proposals is to look for 

teaching-learning materials that facilitate the 

teacher's teaching, especially in subjects with a 

high degree of complexity. When analyzing the 

topics of the courses that professors teach in the 

Computer Science careers, and according to 

their experience, it was detected that one of the 

courses that becomes complicated due to the 

large number of concepts it handles, is the 

operating systems course. For this course it is 

necessary to have knowledge of low level 

programming, numbering systems, data 

structures, computer architecture, among others. 

This makes it a bit complicated for most of the 

students. 

 

After deciding what to work on for the 

operating systems course, the topic to be covered 

was selected, since the course is quite extensive, 

page replacement algorithms in virtual memory 

management was chosen, due to the importance 

it has to this day. 

 

The next step was to review the 

theoretical framework in depth and the state of 

the art of this topic. Afterwards, the design of the 

simulator was made and it was found that for a 

page replacement algorithm to work as close to 

reality as possible, it was necessary to have other 

elements such as an instruction set and a 

dispatcher. After discussing how the simulator 

was going to work and the elements that were 

needed, a prototype was implemented and is 

described in the following section. 

 

Simulator design and implementation 

 

As mentioned above, providing didactic support 

material for the student to study and review a 

certain topic is expected to have an impact on 

reducing academic stress. In this case, to learn 

the concept of page replacement and how some 

algorithms work, a prototype of a page 

replacement simulator was designed and 

implemented. If one seeks to develop a simulator 

that, in effect, simulates the paging mechanism, 

one must consider, to a greater or lesser extent, 

each of the aspects and components that drive 

this mechanism in a real operating system. 
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The goal was to find a balance between 

realism and abstraction, one that is a sufficiently 

advanced simulator and, at the same time, one 

that does not attempt to completely replicate an 

operating system. That is, it is not possible to 

think of a paging mechanism simulator without 

considering key aspects such as processes, the 

dispatcher, an interrupt mechanism, the file 

system, among other elements. 

 

The design started by implementing 

essential hardware components such as a CPU, 

main memory and a data bus. Subsequently, 

operating system features were added to manage 

these components. In defining the system 

architecture to be simulated, emphasis was 

placed on keeping the design simple so that the 

user can focus on the system mechanisms 

without being overwhelmed by an unnecessarily 

complex architecture. 

 

The simulator should allow interaction 

with the user, allowing the creation of programs 

written with reduced code, and allowing the 

execution of several processes simultaneously. 

The execution of the processes from a memory 

management point of view should be observed 

step by step all the time, using a user-friendly 

graphical interface. 

 

The development of the simulator was 

divided into two main parts: Operating System 

and Monitoring. In the operating system part, the 

implementation of the operating system 

components, such as: CPU, processes, memory, 

file system, etc., would be found. While in the 

monitoring part, the components that allow to 

monitor and interact with the system are 

incorporated, for example, to visualize in real 

time the content of the memory, the process 

table, the CPU registers and any mechanism that 

is useful for the user to experiment and learn 

with the simulator. 

 

Some of the fundamental elements of the 

simulator are described below (see Figure 1): 

 

 

 

 

 

 

 

 

 

1. CPU. It is proposed as a processor of 8 bits 

and 16 registers of 16 bits each. Registers 

0 to 7 represent general use registers and 

registers 8 to 15 are reserved for internal 

use of the CPU and the system in general. 

A simple instruction set is designed for the 

CPU. Each instruction is 16 bits long, 

where the first four bits are for the opcode, 

the next 4 bits are for the first operand, and 

the last 8 bits are for the second operand, 

which can store arbitrary values as well as 

memory addresses. The first 4 bits of each 

instruction give rise to 16 different code 

combinations, therefore, up to 16 different 

instructions can be implemented. 

 

2. Memory. The physical memory of this 

system has 2^8 = 256 unique addresses. 

Each address is an 8-bit cell, i.e. we have a 

memory of 256 bytes. Any instruction 

must span two contiguous memory 

addresses. All communication between the 

CPU and the physical memory is done 

through a data bus that regulates the 

connection. This in turn facilitates 

mechanisms such as the intervention of the 

MMU in one place. 

 

3. Paging. The physical memory has been 

divided into eight page frames. With a 

memory of 256 bytes, eight page frames 

are obtained where each frame is 32 bytes. 

The virtual memory has been divided into 

16 pages of 32 bytes each. 

 

4. Clock. To ensure that certain events occur 

in a certain order and periodically, a clock 

is included as a component of the virtual 

hardware of this system. This clock emits 

pulses (ticks) on a regular basis with a 

configurable frequency.  The execution of 

an instruction takes exactly one clock 

cycle and this is the unit of time that 

governs any asynchronous event in the 

system. 

 

5. Processes.   Each running program within 

the simulator is represented by a process 

and each process is managed from the 

process table of the simulated operating 

system. A simple dispatcher that 

implements the Round-Robin algorithm is 

proposed. The execution time for each 

process is expressed in clock cycles 

(ticks). 
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6. File system. To support the paging 

mechanism, it is essential to have a notion 

of the file system or storage unit. The main 

purpose of this component is to store those 

pages that do not have a page frame 

assigned to them, i.e., those that are not in 

memory. When a page is marked with the 

write bit (R) after being modified by the 

running process, it must be updated in the 

file system before being recalled from 

memory. 

 

7. Asynchronous task handler. When a page 

failure occurs, the operating system must 

retrieve the missing page from the file 

system and, if necessary, write to disk the 

selected page to be removed. This 

operation is expensive and while it is being 

performed, a real operating system allows 

the execution of other processes. To bring 

this behavior to our system, a temporary 

mechanism is proposed that relies entirely 

on clock cycles. 

 

8. Page replacement algorithms.  The 

implementation of the aging algorithm is 

available by applying a global policy. 
 

 
 

Figure 1 Elements of the simulator 

Source: Own elaboration 

 

Technology used in the implementation 

 

It was proposed that the application should be 

multiplatform, free and easy to access, in order 

to reach as many users as possible and allow 

them to benefit from the tool. After analyzing the 

above aspects, the Web appears as a very 

attractive option, since the only thing the user 

needs to access an application of this nature is an 

Internet connection and a web browser.  

 

 

 

 

 

Typescript was chosen as the 

programming language because of its strong 

typing (ideal for larger than normal projects), 

maturity and extensive support. To implement 

the operating system components, an object-

oriented programming style is used almost 

entirely. The main function is to listen for the 

"tick" event produced by the simulator clock and 

on each tick execute a memory instruction, 

dispatcher maintenance routines and interrupt 

handling. To implement the user interface, the 

React library on Typescript is currently used. 

The application currently behaves entirely as a 

client-side application, so there is no need for a 

server connection or more complex 

communication schemes. 

 

Results 

 

Currently the core of the simulator has been 

developed, in which 5 basic instructions have 

been implemented, which were sufficient to 

explore the paging mechanism. A clock was also 

implemented, which serves as a synchronization 

mechanism for the system, and represents the 

first step towards an interactive application. 

Since each instruction is executed in one clock 

cycle, it will suffice to stop the clock to pause the 

execution of all system processes and thus allow 

the user to inspect the state of the system at any 

time. The dispatcher, asynchronous task handler, 

process table, virtual and physical memory 

representation, memory management and aging 

page replacement algorithm have been 

implemented. A view of the system's graphical 

interface is shown in Figure 2. 
 

 
 

Figure 2 Current view of the simulator 

Source: Own elaboration 
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Conclusions and future work 

 

The high indexes of academic stress have been 

increasing, especially after the Covid-19 

pandemic, so it is necessary to attend to the 

recommendations of experts on the subject, such 

as the one that indicates that didactic materials 

should be available to support the teacher and the 

student in the teaching-learning of subjects that 

cause confusion and stress due to their high 

degree of difficulty. This work intends to 

contribute to this recommendation. Derived 

from the work done, the core of a simulator for 

the teaching-learning of page replacement 

algorithms has been obtained, which has the 

minimum basic elements that a real operating 

system must have, such as a dispatcher, a clock, 

a memory management unit, among others. This 

with the purpose of giving it enough realism so 

that the students achieve a significant learning. 

For the moment, the page replacement algorithm 

implemented is the aging algorithm and the 

dispatching is performed using the Round Robin 

technique. 

 

Future work is expected to complete the 

simulator, where the WsClock page replacement 

algorithm will be added to the simulator, 

allowing to pause and continue with the 

execution of the system. A key feature to be 

included is a mechanism to save the state of the 

system at any given time, i.e., to generate an 

image of the system. Thanks to this mechanism, 

it is possible to generate images of the system at 

strategic points in the simulator execution, 

giving the user the control to navigate between 

the different images and inspect the state of the 

system. 

 

 

 

 

Finally, it is necessary to carry out 

usability tests that allow us to know the 

perception of the students when using the tool. 

And to measure the level of academic stress 

presented by the students before and after its use. 

Other educational materials are currently being 

developed to help reduce the academic stress of 

Computer Science students and to provide 

significant knowledge. 
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