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Abstract  

 
A virtual learning environment is conceived as an 

interaction space that ease the realization of mediated 

activities by technology, in this case the internet; besides 

using multimedia materials, learning objects, social 

networks, among others; which have changed imminently 

the traditional education. In this article an instrument is 

proposed in a checklist format, to evaluate any platform 

that has interaction spaces such as a Virtual Learning 

Environment, in this case responding to four spaces or 

general indicators: information Space, Mediation / 

Interaction Space, Instructional Design Space and 

Exhibition Space. Criteria are used according to the 

interactions and activities carried out by the consultant and 

virtual student. These, in turn, come up from the analysis 

and interaction of the advisers achieved in the discussion 

forums and portfolio activities through collaborative 

work. It was situated as a qualitative research, with a 

descriptive nature since it is not limited to data collection 

only, but also it refers and analyzes the interaction of the 

advisers achieved in the discussion forums and portfolio 

activities through the collaborative work of the workshop 

course "Virtual Learning Environments" developed in a 

virtual learning environment. 

 

Instrument, Evaluation, Spaces, Interaction, VLE 

 

 

 

 

Resumen 

 
Se concibe un ambiente virtual de aprendizaje como un 

espacio de interacción que facilita la realización de 

actividades mediadas por tecnología, en este caso el 

internet; además de utilizar materiales multimedia, objetos 

de aprendizaje, redes sociales, entre otras; los cuales han 

cambiado de manera inminente la educación tradicional.  

En este artículo se propone un instrumento en formato 

Lista de cotejo, para evaluar cualquier plataforma que 

cuente con espacios de interacción como un Ambiente 

Virtual de Aprendizaje, en este caso respondiendo a cuatro 

espacios o indicadores generales: Espacio de Información, 

Espacio de Mediación/Interacción, Espacio de Diseño 

Instruccional y Espacio de Exhibición. Se utilizan criterios 

de acuerdo a las interacciones y actividades que realiza el 

asesor y estudiante virtual. Estos a su vez surgen del 

análisis e interacción de los asesores lograda en los foros 

de discusión y actividades de portafolio mediante el 

trabajo colaborativo. Se sitúo como una investigación 

cualitativa, de carácter descriptivo ya que no se limita sólo 

a la recolección de datos, sino que refiere y analiza la 

interacción de los asesores lograda en los foros de 

discusión y actividades de portafolio mediante el trabajo 

colaborativo del curso taller “Ambientes de Aprendizaje 

Virtuales” desarrollado en un ambiente virtual de 

aprendizaje. 

 

Instrumento, Evaluación, Espacios, Interacción, VLE, 

Plataforma virtual 
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Introduction 

 

Belloch (2012) addresses that an environment is 

a combination of resources, interactivity, 

support and structured learning activities, which 

in order to develop them we must know the 

strengths and limitations of the computer 

support or virtual platform to use. 

 

In a preliminary way, a virtual learning 

environment can be conceived as a space where 

activities are carried out using technologies, 

such as the Internet, multimedia materials and 

learning objects, among others, which at the 

same time have significantly changed traditional 

education.  

 

These environments favor situations for 

the student to apply knowledge, experiences and 

new elements that form processes of analysis, 

reflection, and understanding, but above all of 

appropriation of contents, where the distance 

aspect is present, that is, without a physical 

presence.   

 

The virtual platforms have been 

transformed into a significant strategy in 

Education, using technology, providing students 

with autonomy, in the sense of meaningful 

learning, and that probably by encouraging this 

allows for virtual interaction with their teacher, 

causing stimuli and responses. direct, that 

without a doubt this should be expected to meet 

the objectives of the program. 

 

The platforms are adaptable to the 

characteristics and needs of the user since they 

have different roles, teachers, tutors, 

administrators and students, thus enabling 

communication and interaction between student, 

teacher and tutor. 

 

Valencia, Huertas and Baracaldo (2013) 

refer, that within the framework of the ICT 

competency standards for teachers proposed by 

UNESCO (2017) in their book: Teachers and 

their virtual learning, addresses that an 

interesting contribution are educational 

initiatives using virtual learning environments, 

by building a different form of Educational 

Technology, such as the use of the Intel Educar 

Portfolio that starts from a pedagogical approach 

and flexible teaching strategies to contextualize 

according to different fields.  

 

 

Where virtual learning defines it as an 

interactive computer program of a pedagogical 

nature that has an integrated communication 

capacity.  

 

In that sense, López and Bellusci (2012) 

report that UNESCO by including objectives for 

the strengthening of teaching capacities, using 

Virtual Learning Environments, as a teaching-

learning modality to improve the quality of 

learning provides a series of advantages to the 

operation of his teaching practice.  

 

On the one hand, it promotes high levels 

of interactivity and fluid communication and, on 

the other, it creates collaborative work, where 

participants interact multidirectionally and learn 

from everyone. 

 

In the same way, to address the concept 

of Virtual Learning Environment (VLE), Coll 

and Monereo (2008), they say that it is necessary 

to place it in dimensions of computational 

learning analysis from the perspective of 

pedagogy, such as the epistemological 

orientation, the psychological and educational 

reference models, the knowledge domain, the 

role of the teacher and student and the original 

design of the activities to be carried out.   

 

Starting from these, for the present 

investigation two work concepts were taken, the 

first one refers to the concept of Computer-

Based Learning Environments (CBLE), and the 

second, to the concept of virtual learning 

environments (VLE).  

 

Authors such as: Acevedo (2005); 

Greene, Moos and Azevedo (2011) report that 

CBLE is a powerful tool to improve learning, 

develop metacognitive and self-regulation skills. 

 

Likewise, López and Hederich (2010) 

point out that CBLE have certain advantages to 

traditional teaching methods, in which they 

mention: potential for students to be autonomous 

and learn at their own pace; ability to interact 

between participants, and ability to articulate 

different formats simultaneously in the 

presentation of information.  
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Thus, a VLE, Coll and Monereo, (2008) 

describe it, to the organizations, communities, 

activities and practices that operate and take 

place on the Internet; and its potential is stressed 

by allowing communication between users, 

similar to that carried out face to face. They 

present it as an information space made for an 

educational process and that allows 

communication between participants to be 

developed by developing the theme established 

for learning. 

 

For Monroy et al. (2013) report that a 

learning environment is the gathering of factors 

within which the set of interactions between 

individuals affect, in order to achieve learning. 

These factors are physical, psychological, 

technological, content, interaction and very 

important efficient communication. 

 

They mention that the characteristics of 

learning environments are varied, but they can 

be referred to as follows:  

 

a) It can be presence or virtual. 

 

b) They provide to those who participate in 

it, the motivation and reinforcement of 

feelings of security. 

 

c) It refers to the physical environment. 

 

d) Promotion and reinforcement of 

experiences, attitudes and relationships 

with the environment and the 

infrastructure necessary to fulfill the 

purposes of an educational proposal. 

 

e) Consider the characteristics of the 

participants. 

 

f) Promotes interactions between 

participants in the learning environment. 

 

g) It is based on a need for improvement 

and learning. 

 

h) It is a moving environment. 

 

i) Consider the general psychological 

processes and principles of learning. 

 

j) Consider the nature of the contents and 

processes required for your learning. 

 

k) It is a delimited environment. 

 

Thus, these learning environments, 

whether they are called VLE or CBLE, are 

favored with the inclusion of technologies and 

the internet, strengthen virtual education, where 

activities take place without the physical 

presence between students and advisors, in a 

platform with the use and help of various media 

and with a specific instructional design.  

 

In that sense, that he considers the 

psychological principles of learning, Tobón, 

Prieto and Fraile (2010) refer, that he has his 

fundamental initiations in the psychology of 

learning and in sociology.   

 

Likewise, the virtual learning 

environment has involved ways of working 

where technology and interaction between the 

participants are implemented, developing 

lessons in online courses where planning, 

instructional design, monitoring and evaluation 

are required. 

 

In that sense, the instruments, means, 

materials, a stipulated methodology and the 

interaction and mediation between the 

participants, do not guarantee the learning and 

the optimal results, Ávila and Bosco (2001) 

refer, that these contribute so that it is carried out 

in a way determined, but required for it, the 

process of construction, assimilation, 

understanding, responsibility, and determination 

by the student.  

 

In this way, students learn certain 

content, develop skills, creativity and 

competencies, where they interact with the 

reality of the context where it develops, using 

reason, making value judgments, proposing 

strategies or solving problems.    

  

This way of learning is based on a self-

control of one's own knowledge, Marti (2000) 

states, which is the intellectual process, through 

which the subject implements cognitive and 

metacognitive, sequential, objective, procedural 

and formalized strategies to obtain strategic 

knowledge. This process is governed by 

principles of action such as: a manifest interest 

in reasons that motivate deliberate action; 

recognition of previous learning experiences; the 

establishment of new relationships between 

learning - work - everyday life, as well as 

between theory and practice; the identification 

of intrinsic motivation and the development of 

personal self-regulation potential. 
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For this, in a Virtual Learning 

Environment, where the student is responsible 

for their development and progress in the 

program they are studying, autonomous learning 

is decisive. Valle, Núñez, González-Penda, 

Rosario, Rodríguez, and González (2007) 

pointed out that autonomous learning refers to 

the degree of student intervention in establishing 

their objectives, procedures, resources, 

evaluation and learning moments, from the 

active role that they must have in the face of 

current training needs, in which the student can 

and should contribute their previous knowledge 

and experiences, from which it is intended to 

revitalize learning and give it significance. 

 

For Martínez (2004), autonomous 

learning is a process where the student self-

regulates their learning and becomes aware of 

their own cognitive and socio-affective 

processes. This awareness is what is called 

metacognition. The pedagogical effort in this 

case is oriented towards the formation of 

subjects focused on solving specific aspects of 

their own learning, and not only on solving a 

specific task, that is, orienting the student to 

question, review, plan, control and evaluate your 

own learning action. 

 

According to the above, it can be 

affirmed that autonomous learning is favored 

with the interaction between participants, where 

messages and contributions, when displayed and 

shared on the virtual learning platform, allow 

students to receive contributions, feedback, 

doubts, refutations, questions, congratulations, 

among other manifestations, in addition to 

allowing the student to reflect, analyze and 

deepen the contribution, and with it the power to 

modify or debate and defend the content of their 

messages, and all this it is supposed to allow you 

to experience a learning.    

 

That is why, virtual education and 

specifically virtual learning environments must 

be taken care of in a deep way, to identify what 

is happening inside the environment, how the 

activities are carried out on the platform, if the 

planned learning They are the ones that are being 

developed and in a special way, if the spaces 

available to the platform are desirable for the 

achievement of these learning and objectives. 

 

 

 

 

Martín & López, (2012), comment that 

given the possibilities of establishing 

synchronous and asynchronous communications 

between the different members of the learning 

community, offering contextualized and 

meaningful experiences for the student.  

 

They say that a virtual space is an 

interactive environment based on the Internet, 

with real scenarios that have been formed using 

virtual reality technologies.  

 

The technology used to develop these 

spaces is called VRML which stands for Virtual 

Reality Modeling Language. It is a virtual reality 

modeling fundamentally adapted for the Internet 

that allows you to define 3D objects and 

combine them in scenes and worlds, where you 

can incorporate animations, multimedia 

elements, where interactions play a determining 

role.  

 

Thus, the spaces that the Virtual 

Learning Environment has, specifically in the 

platform where educational programs are 

developed, in this case it refers to those of 

Higher Secondary Education and Higher 

Education of the SUV of the UdeG, it is essential 

to investigate them, since no there is a physical 

presence of a teacher, advisor, facilitator or 

teacher who guides, transmits or guides the 

contents; as well as students are not subject to 

predetermined schedules, facilities and transfers; 

that is to say that knowledge is approached in a 

flexible way, which also adjusts to the needs and 

availability of time according to the student 

regardless of age, social status or personal status; 

resulting in autonomous learning. 

 

Even though in these environments, the 

center is the student and autonomous learning, 

the teacher, who within the SUV model, is called 

an advisor, continues to be a determining figure 

in the student's learning, because in addition to 

being an expert in his area and in the subject that 

he advises, he needs to have theoretical 

knowledge and technical and pedagogical skills 

to be able to propitiate and motivate student 

learning.  

 

Likewise, it serves as a mediator of the 

educational process in the field of planning, in 

work dynamics, in instructional design and in 

learning strategies with the aim of knowledge 

construction.  
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This leads us to the adviser to achieve 

this mediation with optimum quality, must 

manage the platforms in an organized, clear and 

concrete way. But in addition to this type of 

teaching profile, what will have to contain the 

spaces of the platforms that allow to meet these 

quality standards in learning management? For 

Boneu (2007) there are four basic and essential 

characteristics that any platform such as a 

Virtual Learning Environment should have: 

 

­ Interactivity: make the person using the 

platform aware that he is the protagonist 

of his training.  

 

­ Flexibility: a set of functionalities that 

allow the e-learning system to have an 

easy adaptation in the organization 

where you want to implement, in relation 

to the institutional structure, the study 

plans of the institution and, finally, the 

contents and pedagogical styles of the 

organization. 

 

­ Scalability: the ability of the e-learning 

platform to work equally with a small or 

large number of users. 

 

­ Standardization: Possibility of importing 

and exporting courses in standard 

formats such as SCORM (Sharable 

Content Object Reference Model) which 

are a set of standards and specifications 

that allow the creation of structured 

pedagogical objects. 

 

One of the main characteristics of the 

Virtual Learning Environments from the 

perspective of communicative processes, is that 

they must have very limited spaces, which Chan 

(2004) refers to as follows: 

 

­ “The information space is where the 

various types of inputs to be processed 

are located. In this space you can present 

the information organized or to be 

inquired by the students. Information can 

be provided by many different means: 

exhibitions, documents, databases, 

images, graphics. 

 

­ The interaction space is one in which 

situations are arranged so that the 

subjects of information exchange 

information of all kinds: opinions, 

products of their work, doubts, projects, 

creative expressions. 

­ In the production space there are tools 

and devices for information processing, 

exercise, problem solving. 

 

 

­ The exhibition space is characterized by 

being a space for the circulation of 

learning products, for the socialization of 

its results. In this space the students 

express the achievements of their effort 

and in turn expose what they find in the 

products of others”. (p.10). 

 

Thus, there is a need to identify the 

spaces that have the platform where different 

SUV educational programs are developed and 

offered, in addition to creating an instrument that 

helps evaluate the expected quality standards of 

learning management in the different programs 

offered.  

 

Developing 

 

1. Context 

 

The present study was carried out with 40 

advisors who provided advice in different 

disciplinary areas both in the General 

Baccalaureate for Interdisciplinary Areas and in 

SUV Programs of the UdeG, during the period 

from August to December 2017. 

 

The advisors participated in a course-

workshop where they would discuss how to 

manage virtual learning environments to favor 

and induce student learning. The criteria for 

selecting the participating advisors were those of 

being an advisor to either the General 

Baccalaureate for Interdisciplinary Areas or any 

Bachelor Program offered in the SUV; have 

teaching experience, minimum of three years 

and know concepts about virtual environments. 

 

Thus, two of the teacher trainers who 

taught this course decided to deepen the 

information of the same because it is an essential 

topic to promote quality in the management of 

learning in virtual environments, therefore, they 

were given the task of formulating the following 

investigation questions: 

 

a) Does the platform as a virtual learning 

environment of the SUV have defined 

spaces? 
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b) What will have to contain the spaces of 

the platforms that allow to meet the 

expected quality standards in learning 

management? 

 

c) Does the platform as VLE of the SUV in 

its Baccalaureate and Higher Education 

courses present the organized 

information? 

 

d) Does the mediation and interaction that 

occurs on the platform as VLE of the 

SUV in its Baccalaureate and Higher 

Education courses contain enough 

elements for the exchange of information 

of all kinds? 

 

e) Does the instructional design of the 

courses hosted in a VLE of the SUV in 

its Baccalaureate and Higher Education 

courses present sufficient elements to 

process all types of information? 

 

f) Can the advisor and the student evaluate 

the interaction spaces of the virtual 

learning environment of the SUV?  

 

Based on the foregoing, the research 

objective was to design an instrument under the 

"Checklist" format that favors the evaluation of 

the Virtual Learning Environments of the 

academic programs offered by the SUV of the 

UdeG. 

 

2. Methodology 

 

It was located as a non-experimental, 

descriptive-transversal research, with a mixed 

approach. According to Danhke, (1989). 

“Descriptive studies seek to specify the 

properties, characteristics and important profiles 

of people, groups, communities or any other 

phenomenon that is subject to an analysis” 

(Hernández Sampieri, Fernández and Baptista, 

1998, p102). 

 

2.1.  Techniques and instruments for data 

collection 

 

This study was not only limited to the collection 

of data, but also refers to and analyzes the 

interaction of the advisors achieved in the 

discussion forums and portfolio activities 

through the collaborative work of the workshop 

course "Virtual Learning Environments" 

developed in a virtual environment Learning.  

For this, Content Analysis is used, which 

according to Berelson (1952), is a research 

technique that aims to be objective, systematic 

and quantitative in the study of the manifest 

content of the communication. 

 

Content analysis (CA) is both a field of 

study and an analysis technique. As a field of 

study, it stands out for its multidisciplinarity and 

for the heterogeneity of currents and traditions 

that converge in it.  

 

In this technique different sciences 

coincide, such as linguistics, sociology, 

anthropology, social psychology, cognitive 

psychology, political sciences, communication 

sciences, pedagogy, etc., but, within each of 

these sciences, currents can converge very 

different from each other.  

 

In that sense, Santander (2011), says that 

the AC, is within the social disciplines and 

bibliometry that focuses on the study of the 

contents of communication, is the study of 

materialized human communications. Thus, 

when exploring texts it is possible to know not 

only their meaning, but information about their 

mode of production. Treats the texts not only as 

granted signs of a meaning produced by its 

issuer, but as indications that say about that same 

issuer, or generalizing, indications about the 

mode of production of a text. 

 

Sayago (2014) refers that the CA should 

be used as an analysis technique for two reasons:  

 

a)  Because the object of study asks for it, 

that is, because it is the most appropriate 

mode for its analysis. 

 

This is a justification, focuses on the 

methodological, of an ongoing research process. 

 

b)  Because it is decided to carry out a work 

of discourse analysis and, then, it is based 

on the choice of the analysis technique 

and, then, a theme is chosen that fits the 

possibilities that this technique opens to 

us. 

 

This one focuses more on the practice of 

research in a general way, as a way to develop 

and instruct a theoretical-methodological 

expertise. 
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The AC is implemented, as a study 

technique of materialized human 

communications, to analyze its meaning and 

information regarding its mode of production.  

 

Using this technique allowed researchers 

to objectify information through systematization 

that refers to the possibility of coding the content 

that is analyzed; taking into account, from a 

quantitative approach, the frequency of 

occurrence of certain words linked to the defined 

spaces of the virtual platforms that would help 

meet the expected quality standards in learning 

management. 

 

This serves to determine that this 

technique is of a mixed nature, where from the 

qualitative point of view, it is not only 

descriptive in nature, since the objectivity that 

the analyst must have, leads him to use 

inference, where from a mental evaluation 

between different concepts, allow to draw a 

logical implication. 

 

Thus from the quantitative point of view, 

the data can be coded manually or digitally; the 

latter linked to powerful application software. In 

our particular case, the coding was done 

manually because it is a relatively small sample, 

where the frequency of occurrence of certain 

types of content was counted. 

 

2.2.  Methodological procedure 

 

During the course development, teacher trainers 

talked about virtual learning environments, 

citing several authors; therefore, the 

participating advisors at the time of carrying out 

their activities, already had, in addition to their 

experience, a theoretical basis on this subject. In 

the workshop course two spaces for 

communication were promoted: discussion 

forums and portfolio activities; Thus, some of 

the most significant activities of the course 

deposited in these spaces were: 

 

1.  Participating advisors were asked to, 

according to their experience, issue a list 

of ideas about what they understood by 

virtual learning space. 

 

2.  They were also asked to describe which 

and how many virtual spaces were 

suitable for the SUV context. 

 

 

3.  In addition, they were asked to describe 

what elements each of the virtual spaces 

should have, so as to allow the evaluation 

of VLE, in this case, those that contain 

the academic programs offered by the 

SUV of the UdeG. 

 

4.  Once the collaborative work that 

involved the analysis and interaction of 

the advisors, both in discussion forums 

and in portfolio activities, was carried 

out, the researchers proceeded to carry 

out a content analysis manually, where 

diverse concepts and approaches on what 

is a virtual space and whose information 

ordered and classified by researchers, 

concluded in the following definition of 

the concept of virtual space:  

 

“Technological medium in which an 

interactive environment is located that fosters an 

educational relationship mediated by ICT and 

whose contents serve as support for the Virtual 

Learning Teaching Process (PEAV)”. 

 

5.  This definition, according to the authors 

of this research, led to a focus on the 

activities that contributed to the 

fulfillment of the objective, immediately 

the participating advisors were asked to 

define which and how many virtual 

spaces were suitable for the SUV 

context, resulting in the following: 

 

a)  Expert groups were formed to discuss 

the spaces that best suited their context, 

in addition to assessing their functioning 

in the virtual education platform in 

which they carry out their teaching 

practice. Consequently and based on the 

previous information of Chan (2004) and 

with some adaptations in the names and 

functions, by unanimous decision of both 

the researchers and the participating 

advisors, the following was obtained: 

 

a) Information Space: it presents sufficient 

information about the planning and 

development of the course, the 

organization and scheduling of all 

learning activities that the student will 

have to execute. 
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b) Mediation / Interaction Space: it presents 

the functions of orientation, motivation, 

organization and management of the 

teaching and learning process from the 

figure of the advisor and the interaction 

with the student. In addition, the 

analysis, synthesis and appropriation of 

information to obtain significant learning 

is promoted and encouraged.. 

 

c) Instructional Design Space: it presents 

the methodology used in the course: 

objectives, competencies that are 

intended to be achieved, clear and 

objective writing of instructions that 

contain the activities that meet the 

congruence of the objective and 

competence to be achieved. The digital 

teaching resources (digital books, notes, 

notebooks, instructions, audiovisuals, 

blog, web pages, multimedia, simulators, 

wikis, learning objects, among others) 

will also be presented in this space.. 

 

d) Exhibition Space: it presents access and 

flexibility to the interaction between 

students and advisors through the design 

of the educational platform, its design 

and automation. All this to ensure that 

students reach high levels of 

metacognition. 

 

6. Once defined what a virtual space is and 

how many were suitable for the context 

of the SUV, as well as the enunciation of 

each one, the participating advisors were 

requested, in collaborative work through 

the forum on the virtual platform where 

they took After the mentioned course, a 

series of elements or characteristics that 

each previously defined space should 

have is listed.  

 

In this way, a list of evaluation criteria 

was generated for each of the spaces, possible to 

be evaluated by the consultants whose practice 

is teaching learning in virtual environments.  

 

7.  Through content analysis, the 

researchers, prior coding of the data 

thrown, built an instrument under the 

format “Checklist to evaluate Virtual 

Learning Environments”.  

 

 

 

 

3.  Results 
 

Through collaborative work, the general 

indicators that were included for the design of 

the Checklist to evaluate Virtual Learning 

Environments were: a) Information Space, b) 

Mediation / Interaction Space c) Instructional 

Design Space and d) Exhibition Space . The 

following figure shows the interaction and 

conformation of each of these spaces in a Virtual 

Learning Environment (VLE). 

 

 
 
Figure 1 Virtual spaces in a VLE 

Source: Self made 
 

Likewise, evaluation criteria were used 

according to the functions and activities 

performed by the consultant and virtual student. 

These in turn arise from the analysis and 

interaction of the advisors achieved in the 

discussion forums and portfolio activities 

through collaborative work. 

 

Below is the Checklist tool, with the 

evaluation criteria for each of the proposed 

virtual spaces, in its final version: 

 
Indicators Evaluation criteria Yes No 

Information 

space 

1- Information is presented on the 
platform, sufficient and relevant 

information about the planning of the 

course, as well as its development. 

    

2- They display the course information 

in an organized and scheduled manner. 
    

3- The platform has graphics and 

images that make the information more 

attractive. 

    

4- The graphics and images are 

sufficient, relevant and clear. 
    

5- Present videos that complement the 

information. 
    

6- There is congruence in the videos 

with the object of learning and they 

have a great quality in both the audio 
and the images. 

    

 

 

VLE 

Design Space Exhibition 

Space 

Information 

Space 

Interaction 

Mediation 

Space 
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Indicators Evaluation criteria Yes No 

Mediation / 

Interaction 

Space 

7- The advisor fulfills the functions of 

orientation, motivation and organization 

of the learning process in a timely 

manner. 

    

8- The advisor plays the role of analyst 

and guide. 
    

9- Instructs, advises and evaluates the 

adviser to his students in a timely 

manner. 
    

10- The advisor performs the role of 

instrumenter and intercom, planning and 

facilitating the use of available teaching 

resources. 

    

11- The advisor manages the learning 

groups. 
    

12- Select and use technological 

resources according to the established 

objectives (email, forums, chat, 

netmeeting, wikis) as support for 

communication and interaction with 

students (synchronous and 

asynchronous). 

    

13- The work of a planner and manager 

is carried out in the development of the 

course by the advisor. 
    

14- The advisor organizes the group 

work and facilitates coordination among 

the members. 
    

15- The consultant facilitates intellectual 

/ conceptual work techniques for 

collaborative network study. 
    

16- The advisor motivates and ensures 

that students work at an appropriate 

pace. 
    

17- The advisor promotes and 

encourages the analysis, synthesis and 

appropriation of information to obtain 

meaningful learning. 

    

18- Information is provided to the 

student about the progress of study by 

the advisor. 
    

19- The advisor organizes the interaction 

clearly defining the roles of the student 

and advisor. 
    

20- Promotes work in the group, 

between students and advisor, favoring 

the development of arguments and 

strengthening collaborative and 

cooperative work. 

    

21- The advisor encourages, stimulates, 

integrates and conducts student 

participation. 
    

22- The advisor energizes the formative 

action and the group work. 
    

23- The advisor provides timely 

feedback adding value to the activity 

carried out by the student. 
    

24- Upon feedback, the advisor 

respectfully suggests proposals to 

improve the activity delivered by the 

student. 

    

25- Questions or messages are answered 

by the advisor within 24 hours to the 

students. 
    

26- The advisor suggests extra teaching 

material (apart from the one that comes 

in resources). 
    

27- The advisor uses videoconferencing 

to explain doubts. 
    

 

28- The advisor uses teaching resources 

with different formats (video, graphics, 

maps, tutorials, among others) 
    

29- The advisor promotes 

metacognition. 
    

30- The advisor recovers the previous 

knowledge of the students. 
    

31- The advisor determines the 

evaluation criteria, qualitative and 

qualitative and informs students in a 

timely and clear manner. 

    

 

Indicators Evaluation criteria Yes No 

Instructional 

Design Space 

32- The methodology used in the course 

allows students to reach high cognitive 

levels. 
    

33- Complies the course with the learning 

of the skills necessary to be part of the 

knowledge. 
    

34- The learning objectives are well 

defined. 
    

35- The instructions were written in a 

clear and objective way that does not 

allow misinterpretation. 
    

36- They present information that implies 

different forms of relationship with the 

environment. 
    

37- The instructions for carrying out 

learning activities are in accordance with 

the objective that is intended to be 

achieved. 

    

38- The instructions present a logical 

order. 
    

39- Learning activities are sufficient for 

the achievement of skills. 
    

40- The didactic resources are congruent 

with the objective that is intended to be 

achieved. 
    

41- Sufficient resources are presented for 

carrying out the activities. 
    

42- The teaching resources have relevant 

quality and provide value for learning. 
    

43- Designed activities promote 

metacognition 
    

44- The designed activities allow to 

recover the previous knowledge of the 

students. 
    

45- Evaluation criteria are presented for 

each of the activities. 
    

Exhibition 
Space 

46- The platform is friendly in its 

navigation and allows quick access to 

information. 
    

47- There are adequate spaces on the 

platform that allow interaction between 

students and advisors. 
    

48- Presents the flexibility platform to 

modify the content modules of a course 

that is already online. 
    

49- Information organization is presented 

in chronological order. 
    

50- The platform elements are displayed 

quickly. 
    

51- There are tools and spaces to provide 

feedback. 
    

52- The platform allows subsequent 

delivery of tasks 
    

53- The platform allows you to attach 

several files, as well as edit them when 

you want to modify. 
    

54- The design of the platform is friendly 

and allows the incorporation of blogs and 

wikis for collaborative work. 
    

55- The platform is updated 

automatically. 
    

56- The platform has forum spaces to 

resolve doubts immediately. 
    

57- The platform has chat.     

58- The platform allows the design of 

relevant evaluation instruments. 
    

59-It has adequate spaces that allow the 

student to consult their own progress. 
    

Totals       

 
Table 1 Instrument to evaluate interaction spaces in a VLE 
Source: Self made, based on Chan M.E. (2004). Trends in 

educational design for digital learning environments 
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This analysis achieved success thanks to 

the interaction activities that ICTs offer, as well 

as the capacity in the teaching-learning process 

offered by the forums and the portfolio, and the 

participation of students and advisors through 

socialization and discussion on virtual 

platforms, are a relevant and recurring theme in 

virtual education (Stacey and Rice, 2002; 

Cabero, 2004; Solomon, 2000; Harasim et al. 

2000; Garrison and Anderson, 2005).  

 

The study shows the power of 

communication that ICTs have in virtual 

education, in addition to the use of a mixed 

methodology in the construction of collaborative 

knowledge in a network, allowed the 

characterization of the evaluation criteria with 

the corresponding indicators in an appropriate 

manner (Hmelo-Silver, 2003, p. 398; 

Pungambekar and Luckin, 2003, p. 310). 

 

Conclusions 

 

An effective analysis and discussion of the 

participants was achieved both in the forum and 

in the contents of each of the activities delivered 

in the portfolio. 

 

It was concluded in a definition of the 

concept of virtual space, this undoubtedly 

facilitated the context of the advisors to continue 

with the definition of virtual spaces, which 

would be taken as indicators and in turn, as a 

basis for defining the criteria that make up each 

of these spaces. 

 

According to a thorough analysis of data 

obtained from the answers that the participating 

advisors offered and the systematization of the 

same, the objective of the investigation was 

fulfilled, which consisted of designing an 

instrument under the “Checklist List” format 

that favors the Evaluation of the Virtual 

Learning Environments of the academic 

programs offered by the SUV of the UdeG. 

 

Emphasis was placed on what each 

virtual space contributed, resulting in the 

following: 

 

a)  Information space Present sufficient and 

organized information about course 

planning. 

 

 

 

b)  Mediation / Interaction Space. It presents 

the functions of orientation, motivation, 

organization and management of the 

teaching and learning process from the 

figure of the advisor and the interaction 

with the student. In addition, the analysis, 

synthesis and appropriation of 

information to obtain significant learning 

is promoted and encouraged. 

 

It is concluded that the advisor fulfills the 

following functions: 

 

­ Guidance, motivation and organization 

of the learning process in a timely 

manner. 

­ Of analyst and guide. 

­ Instructs, advises and evaluates the 

adviser to his students in a timely 

manner. 

­ Performs work of planner and manager 

in the development of the course. 

­ The advisor organizes group work and 

facilitates coordination among members. 

­ Organize the interaction by clearly 

defining the roles between the student 

and the advisor. 

­ It promotes work in the group, between 

students and advisor, favoring the 

development of arguments and 

strengthening collaborative and 

cooperative work. 

­ The advisor provides timely feedback 

adding value to the activity carried out by 

the student. 

­ Answer questions or messages from the 

advisor within 24 hours to the students. 

 

c)  Instructional Design Space. It presents 

the methodology used in the course:  

 

­ With the methodology used, students 

reach high cognitive levels. 

­ The course meets the learning of the 

skills necessary to be part of the 

knowledge. 

­ The learning objectives are well defined. 

 

The design was designed so that both 

advisors and students could answer it, taking 

care of the sense of language and its writing.  
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Although in a first attempt this format 

will be applied for the assessors to evaluate, it 

will also be feasible to apply to students who 

generate learning in these environments. In this 

way, by having an evaluation of these spaces, 

then strategies that favor the management of 

learning in virtual environments could be issued. 

 

d)  Exhibition space The consultants 

answered the following, so it can be 

concluded:  

 

­ The platform is friendly in its navigation 

and allows quick access to information. 

­ The platform has adequate spaces on the 

platform that allow interaction between 

students and advisors.  

­ The platform elements are displayed 

quickly. And it has tools and spaces to 

perform the feedback. 

­ The platform allows subsequent delivery 

of tasks 

­ It has adequate spaces that allow the 

student to check their own progress.  

 

Based on what was obtained in the 

course-workshop, and according to the results, 

specific conclusions were obtained to be able to 

significantly improve the work within a 

platform, and specifically to improve the spaces 

of a VLE, according to the perception and 

experience of the participating advisors. 

 

It is recognized that there are many 

aspects that would have to be evaluated in a 

VLE, however, keeping the platforms in force is 

a guarantee that the student acquires the 

competences effectively and with optimum 

quality.  

 

The researchers suggest that once the 

reference instrument has been applied, by those 

involved in these virtual learning spaces, take 

into account the following aspects to improve 

them: 

 

a)  Difficulties arising from the operation of 

digital communication channels:  

 

­ Slow information transmission, 

especially observable when receiving 

compressed multimedia documents or in 

real time. 

­ Unexpected interruption of 

communication. 

­ High cost of flat rates.  

­ Effect "delay" in audiovisual 

communication in real time. 

­ Frequent failures in the information 

servers. 

­ Interruptions in the power supply.  

 

b)  Difficulties derived from the 

technological-educational quality of the 

information:  

 

- Obsession for the generation of literary 

content. 

- Neglect in the aesthetic quality of 

graphic and multimedia design. 

- Excessive presence of linear text.  

- Little creativity and semantic neglect in 

visual texts and especially in 

photographs. 

- Incorrect approach to schemas and 

graphics. 

- Existence of communicative noise (poor 

background-figure interaction, 

inadequate vocabulary, blurred visual 

texts, unfocused multimedia or with 

acoustic reception problems, etc.).  

 

c) Difficulties arising from the 

methodological and organizational 

design of the training action:  

 

­ Obsession for the transmission of 

content. 

­ Neglect of objectives related to the social 

and ethical training of citizens. 

­ Tendency to use methodologies of a 

behavioral nature.  

­ Obsession for efficiency in the 

acquisition of knowledge. 

­ Tendency to evaluate results, forgetting 

in many cases the analysis of knowledge 

construction processes. 

­ Excessive tendency towards the use of 

automatic monitoring, evaluation and 

tutoring systems.  

­ Neglect in the design of instructional 

strategies based on the design of “many 

to many” intercom activities aimed at 

promoting the creation of shared 

knowledge. 

­ Demotivation and occasional 

abandonment of the learning process in 

those cases in which instructional design 

does not favor the development and 

understanding of activities.  
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Abstract 

 

In accordance with the constructivist model, it is 

importance to identify opinions of the users about of the 

materials that support them in their process of learning to 

learn, since it is not a passive form of learning. In this 

paper, the results of the MOOC Assessment Learn to 

Learn are presented, using the empirical observation 

method, the survey was formulated taking into account 

pedagogical technical aspects with a Liker scale format, 

besides proportional average to know the impact of the 

questions evaluated on the aspects of interest. 

 

 

MOOC, Learn to Learn, Pedagogical evaluation 

 

Resumen 

 

De acuerdo con el modelo constructivista, es de gran 

importancia conocer la opinión de los usuarios respecto a 

los materiales que les sirven de apoyo en su proceso de 

aprender a aprender, pues no es una forma pasiva de 

aprendizaje. En este artículo se presentan los resultados de 

la evaluación del MOOC Aprender a Aprender, utilizando 

el método empírico de observación, la encuesta se formuló 

tomando en cuenta aspectos técnicos pedagógicos con un 

formato de escala de Liker, así mismo se realizó el 

promedio proporcional para conocer el impacto de las 

preguntas evaluadas sobre los aspectos de interés. 

 

MOOC, Aprender a Aprender, Evaluación pedagógica
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Introduction 

 

Within the framework of the CODAES project, 

the Autonomous University of the State of 

Hidalgo (UAEH) participated in the area of 

Education, so it formed a multidisciplinary 

group consisting of researchers, pedagogues, 

psychologists, designers, developers to create 

the MOOC of Learn to Learn, which is hosted on 

the CODAES platform (University, 2019). 

Likewise, in mirror form, it is hosted on the 

UAEH CIDECAME server (HIDALGO, 2019).  

 

After having created and implemented it 

as it was shown in the publication of the article 

“MOOC Learn to Learn: An experience of 

design and development of CODAES 

Education”, a test was carried out with high 

school students of the Apan High School, 

dependent on the UAEH in the January-June 

2019 school period, in order to know its 

computational usability (Curiel-Anaya, Pozas-

Cárdenas, Hernández-Sánchez, & Olguín-

Guzmán, 2018).  

 

For this, the empirical method of 

observation was used through questionnaires, 

the sample size was determined and the students 

in the sample were randomly selected (Yannine, 

2019). 

 

It is of interest as a teacher to be able to 

quantify how useful computerized educational 

materials (MEC) are and the technological tools 

that we present to students, so you want to know, 

if they are appropriate and if they allow them to 

identify and learn new skills in a structured way, 

as is the case of Learn to Learn for yourself. 
 

As part of the constructivist model that 

served as a guide for the development of the 

MOOC, which implies recognizing that there are 

several ways to learn, as well as acquiring 

knowledge in an active way, the importance of 

knowing what users think of the MOOC and in 

this way look for alternatives that allow access 

to useful educational materials for the process of 

learning to learn (Dorys, 2018). The evaluation 

will allow us to correct one of the criticisms or 

deficiencies of how the constructivist model is 

implemented in practice, as Doris Ortiz 

mentions in his article “Constructivism as a 

theory and teaching method”, in which it 

indicates that on many occasions. 

 

The teacher does not fully engage in the 

student's learning process, he only limits himself 

to providing them with the materials and for the 

students to build their own knowledge. In this 

sense, the evaluation of the MOOC by the 

students will allow us to validate or justify the 

modification of said materials. 

 

State of Art 

 

There are several MOOCs dedicated to the topic 

of learning to learn, some with different names, 

but all with the same objective: to present to 

young people and people interested in the 

subject, educational contents that help them 

achieve the competence to learn by themselves, 

showing them learning strategies to increase 

your chances of success, such is the case of sites: 

 

Learning to learn: Powerful mental tools 

with which you can master difficult subjects 

(Learning How to Learn). Taught by the 

University of California at San Diego on the 

Coursera platform (DIEGO, 2019). This course 

shows the impact that the MOOC has, it can be 

said that the type of survey is descriptive and of 

customer satisfaction, the population to which it 

is addressed is to professionals from various 

areas. Figures 1 and 2 show the types of surveys 

taken from their web pages (University, 2019). 

 

 
 
Figure 1 Results of the satisfaction survey focused 

 

 
 
Figure 2 Examples of the customer opinion survey 
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Some cases the Learn to Learn courses 

are free and others are paid, none of the above 

shows the impact they have had on users, some 

only show comments as a case of success, this is 

as a result of satisfaction surveys of the client. 

 

 Course on memory and rapid learning 

techniques (Diego, 2019). 

 Learn to Learn (UNAM, 2019). 

 Learn to Learn Course (EDUCAMUE, 

2019). 

 Learning to Learn Course 

(GUANAJUATO, 2019). 

 

Development 

 

After having completed the MOOC of Learn to 

Learn, teachers who teach the subject were 

invited to make use of educational materials, in 

order to assess mainly their usefulness. 

 

When measuring utility, it will allow to 

know the quality of the MOOC, according to 

Matus (2007), quality implies aspects such as 

accuracy, timeliness, accessibility, coherence or 

interoperability during its use and management 

of the MEC, based on the proposed objectives of 

the subject and knowledge that you want to 

achieve (CHILE, 2011). 

 

To conduct the MOOC evaluation, a 

survey based on the empirical method of 

observation was used, using the Likert scale 

(Antonio, 2018), which allows measuring 

various characteristics of the MOOC, which are 

shown in Table 1, a series were prepared of 23 

questions that include technical and pedagogical 

aspects of MOOC. 

 
Technical / pedagogical 

aspect 

Question number 

relacionada Flexibility 14, 19, 20, 21 
Learning facility 2, 3, 4, 5, 6, 7, 8, 11, 22, 

23 Motivation 8, 11, 22 
Thinking skills 15, 17 
Collaborative work 17 
Language 

comprehension 

19, 22 
Understanding the visual 

message 

19, 22, 23 
Listening language 

comprehension 

19, 22 
Memory persistence 1, 4 
Functionality 2, 3, 5, 6, 7, 11, 12, 23 
Content 1, 2, 3, 4, 5, 6, 7, 8, 9, 11, 

22 Empathy, Navigability, 

Personalization 

16, 17, 18, 19, 23 
Evaluation 10, 13 

  
Table 1 Aspects of interest to measure 

 

 

 

 

 

Questionnaire 

 

The Information Collection Technique was 

applied through a survey using questionnaires 

with 23 multiple-choice items, which was put 

online on the docs.google.forms platform, as 

shown in Figure 3 (Cloud, s.f.). 

 

 
 
Figure 3 Survey View in Google Forms 

 

Sample Calculation 

 

The study was carried out at the Apan High 

School, where the MOOC of Learn to Learn has 

been used by approximately 100 students 

representing the universe during the school year 

January June 2019, so the size of the study was 

calculated Sample using the following formula 

(1) for small populations: 

n = 
𝐳𝟐𝐩𝐪𝐍

𝐍𝐄𝟐+ 𝐙𝟐𝐩𝐪
                                                   (1) 

 

For a 95% confidence level the value of 

z = 1.96 was determined, a value of 95% (0.95) 

is considered for p and the calculation of q = 1 - 

p = 1-0.95 = 0.05 (5%), considering an error (E) 

of 5%, it was determined that the size of the 

representative sample would be 40 students. 

 

Selection of participants 

 

The method of selecting the students who took 

the online course was that of simple random 

probabilistic sampling. From the total number of 

students in the first semesters who have studied 

the subject of Learning to Learn (100 students), 

40 students who have already taken the online 

course were randomly chosen, to which the 

corresponding questionnaire was applied. 
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Results of the test 

 

As can be seen in Figure 4, statistical results of 

the survey conducted in docs.google.forms of 

some randomly selected questions are shown. 

 

 

 

 

 
Figure 4 Graphical views of the results of each question 

provided by Google Forms 

 

The questions that were asked are shown 

in Table 2 with the results obtained on the digital 

platform. 

 
No. Technical / 

pedagogical aspect 

Much Little Very 

little 

Nothing 

1 What is Learn to 

Learn? 

67.5 27.5 5 0 

2 Do you think the 

MOOC has helped 

you to find your 
learning style? 

77.5 17.5 2.5 2.5 

3 Do you think that 
MOOC tools help you 

to improve your 

learning? 

80 20 0 0 

4 How many times do 

you consider working 

with the MOOC to 

understand a sub-topic? 

55 35 7.5 2.5 

5 Have you managed to 

acquire or improve 

your learning 
strategies? 

67.5 32.5 0 0 

6 Has your learning been 

more meaningful by 

using the MOOC? 

60 37.5 2.5 0 

7 Did the digital tools 

presented in the MOOC 

improve your learning? 

72.5 25 2.5 0 

8 Were the activities 

presented at the MOOC 

attractive? 

80 20 0 0 

9 Does the language used 

in exposing the MOOC 

topics, do you think is 

very technical? 

52.5 40 7.5 0 

10 If you had to give a 

grade to the Learn to 

Learn course presented 

at the MOOC, what 

grade would you give 

it? 

37.5 47.5 15 0 

11 Is the MOOC design 

visually attractive? 

70 30 0 0 

12 Is the MOOC design 

functional? 

82.5 17.5 0 0 

13 Is the information 

contained in the MOOC 

correct and reliable? 

97.5 2.5 0 0 

14 Does the use of MOOC 
cost? 

97.5 2.5 0 0 

15 Does the MOOC 

provide opportunities to 

use critical thinking 
skills (reflective, 

impartial, open minded, 

etc.)? 

77.5 22.5 0 0 

16 Does the MOOC 
promote creativity and 

imagination? 

72.5 25 2.5 0 

17 Does the MOOC 

promote the exchange 
of ideas? 

77.5 22.5 0 0 

18 Does the MOOC 

provide useful 

feedback? 

87.5 12.5 0 0 

19 Is the MOOC flexible 

to address issues? 

82.5 17.5 0 0 

20 Can the student use the 

MOOC independently? 

90 10 0 0 

21 Can the student use the 

MOOC anywhere whit 

an internet connection? 

85 7.5 7.5 0 

22 Does the student feel 

motivated in the way 

issues are addressed in 

the MOOC? 

65 35 0 0 

23 Is it easy to navigate 

within the MOOC? 

87.5 10 2.5 0 

 
Table 2 List of questions with results obtained 

 

Conclusions 

 

After having centralized the results of the survey 

shown in Table 2, the proportional average of the 

questions corresponding to each of the technical 

and pedagogical aspects that were raised at the 

beginning in Table 1 was obtained, resulting in 

those shown in Table 3. 
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No. Technical / pedagogical 

aspect 

Much Little Very 

little 

Nothing 

1 Flexibility 88.8 9.4 1.9 0 

2 Learning facility 71.5 26.3 1.8 1 

3 Motivation 71.7 28.3 0 0 

4 Thinking Skills 77.5 22.5 0 0 

5 Collaborative work 77.5 22.5 0 0 

6 Language 

comprehension 

73.8 26.3 0 0 

7 Message Understanding 78.3 20.8 .8 0 

8 Listening language 
comprehension 

73.8 26.3 0 0 

9 Memory persistence 61.3 31.3 6.3 1 

10 Functionality 74.7 23.8 1.3 0 

11 Content 68.0 29.1 2.5 0 

12 Empathy, Navigability, 

Personalization 

81.5 17.5 1.0 0 

13 Evaluation 67.5 25 7.5 0 

 
Table 3 Proportional average result 

 

Also, it can be seen in Figure 5 a graph 

with the performance, which allows to conclude 

that the MOOC Learn to Learn is useful to all 

users who wish to acquire the knowledge to 

cement their learning in various areas, through a 

computer system Reliable, attractive, 

motivational, simple and at the same time robust. 

And this is how technology helps prepare new 

generations, especially upper-middle-level 

students, who require basic tools for acquiring 

advanced knowledge in higher education levels. 
 

 
Figure 5 Performance chart of pedagogical technical 

aspects 

 

References 

 

Antonio, M. (2018). Diseño del formato de 

escalas tipo Likert: un estado de la cuestión. 

Redia, 38-47. 
 

CHILE, I. N. (13 de 8 de 2011). INE. Obtenido 
de INE: 

http://www.ine.cl/canales/menu/publicaciones/e

studios_y_documentos/estudios/dimensionesde

calidad 

 
 

 

Cloud, G. S. (s.f.). Obtenido de 

https://docs.google.com/forms/d/e/1FAlpQLSe

mGurnhe5X93uCOCIAYpqr-

mO5jFqNv_j1cOs0wSMIJuhdPg/formRespons

e 

 

Curiel-Anaya, A., Pozas-Cárdenas, M. J., 

Hernández-Sánchez, D., & Olguín-Guzmán, E. 

(2018). MOOC Aprender a Aprender: Una 

experiencia de diseño y desarrollo de CODAES. 

Revista de Tecnología y Educación, 17-22. 

Obtenido de 

http://www.ecorfan.org/republicofperu/research

_journals/Revista_de_Tecnologia_y_Educacion

/vol2num6/Revista_de_Tecnolog%C3%ADa_y

_Educaci%C3%B3n_V2_N6_3.pdf 

 

DIEGO, U. D. (6 de agosto de 2019). 

Aprendiendo a aprender: Poderosas 

herramientas mentales con las que podrás 

dominar temas difíciles (Learning How to 

Learn). Obtenido de Aprendiendo a aprender: 

Poderosas herramientas mentales con las que 

podrás dominar temas difíciles (Learning How 

to Learn): 

https://es.coursera.org/learn/aprendiendo-a-

aprender 

 

Diego, U. d. (29 de 8 de 2019). Curso sobre 

técnicas de memoria y de aprendizaje rápido. 

Obtenido de Curso sobre técnicas de memoria y 

de aprendizaje rápido: 

https://aprendergratis.es/cursos-online/curso-

sobre-tecnicas-de-memoria-y-de-aprendizaje-

rapido 

 

Dorys, O. G. (2018). El constructivismo como 

teoría y método de enseñanza. Sophia, Colección 
de Filosofía de la Educación, 93-110. 

 

EDUCAMUE. (9 de 08 de 2019). Educación en 

Medicina de Urgencia y Emergencia. Obtenido 

de Educación en Medicina de Urgencia y 

Emergencia: https://emue.cl/producto/curso-

aprende-a-aprender/ 
 

GUANAJUATO, U. D. (12 de 8 de 2019). 

NODO UNIVERSITARIO. Obtenido de NODO 

UNIVERSITARIO: 

https://nodo.ugto.mx/course/curso-esencial-de-

moodle-para-profesores-universitarios/ 

 
 

 

 

 



ISSN-2444-4952 

ECORFAN® All rights reserved 

CURIEL-ANAYA, Arturo, POZAS-CÁRDENAS, Mariano Javier, 

HERNÁNDEZ-SÁNCHEZ, David and SUÁREZ-NAVARRETE, 

Alberto. Impact of the MOOC Learn to Learn, in high school students of 

the UAEH. Journal of Teaching and Educational Research. 2019.  

19 

Article                                                             Journal of Teaching and Educational Research 

June 2019 Vol.5 No.15 14-19 

 

 

HIDALGO, U. A. (10 de 08 de 2019). 

CIDECAME. Obtenido de CIDECAME: 

http://cidecame.uaeh.edu.mx/ 

UNAM. (9 de 08 de 2019). ENALLI1. Obtenido 

de ENALLI1: 

http://enallt.unam.mx/index.php?categoria=6&c

ontenido=277 

 

Universitaria, S. d.-S.-D. (6 de AGOSTO de 

2019). CODAES. Obtenido de CODAES: 

https://www.codaes.mx/educacion.htm 

 

University, M. (15 de 10 de 2019). Coursera. 

Obtenido de Coursera: 

https://www.coursera.org/learn/aprendiendo-a-

aprender/reviews 

 

Yannine, C. (2019). Métodos empíricos de la 

Investigación Científica. ACADEMIA 

PREMIUM FEATURE, 12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



20 

Article                                   Journal of Teaching and Educational Research 

        June, 2019 Vol.5 No.15 20-31 
 

  

Historical-epistemological elements for the design of a learning situation from 

Socioepistemology. The case of steady-state and electrical engineering 
 

Elementos históricos-epistemológicos para el diseño de una situación de aprendizaje 

desde la Socioepistemología. El caso del estado estacionario y la ingeniería eléctrica 
 

HINOJOS-RAMOS, Jesús Eduardo†* & FARFÁN-MÁRQUEZ, Rosa María 

 
Centro de Investigación y de Estudios Avanzados del Instituto Politécnico Nacional 

 

ID 1st Author: Jesús Eduardo Hinojos-Ramos / ORC ID: 0000-0003-3276-0322, CVU CONACYT ID: 598400 

 

ID 1st Coauthor: Rosa María, Farfán-Márquez / ORC ID: 0000-0003-1229-8521, CVU CONACYT ID: 5811  

 

DOI: 10.35429/JTER.2019.15.5.20.31     Received January 02, 2019; Accepted March 12, 2019 

 

Abstract 

 

In this article, we present the results of a research in 

Socioepistemology (a theoretical framework in 

Mathematics Education), in which by the theorical-

methodological tool of the problematization of 

mathematical wits identifying elements for the social 

construction of mathematical knowledge related to steady-

state in the works of 19th century scientists (Ohm, 

Thomson and Maxwell), these elements help in 

broadening the school promoted notions related to the 

mathematical wit of steady-state, considering the 

problems, paradigms and analogies created by the 

scientists as the situational context, and the steady-state as 

a signification context for the trigonometric Fourier series. 

These elements are used for the design of a learning 

situation in electrical engineering to study the steady-state 

in the static and dynamic scientific paradigms by working 

with analogies between steady-state heat propagation and 

diverse electrical phenomena. With the conclusion that 

these elements can be used to broaden the notion of steady-

state from static to dynamic. 

 

 

 

Mathematics Education, Steady-state, History, 

Epistemology 

 

Resumen 

 

En el presente artículo, se presentan los resultados de una 

investigación en Socioepistemología (un marco teórico de 

la Matemática Educativa), donde a través de la 

herramienta teórico-metodológica de la problematización 

del saber matemático se identifican elementos para la 

construcción de conocimiento matemático relativo al 

estado estacionario en obras de científicos del siglo XIX 

(Ohm, Thomson y Maxwell), que permiten ampliar las 

nociones de este saber promovidas por la escuela, 

considerando los problemas, paradigmas y analogías 

creadas por los científicos como el contexto situacional, 

así como al propio estado estacionario como el contexto 

de significación para la serie trigonométrica de Fourier. 

Estos elementos son utilizados como insumo para el 

diseño de una situación de aprendizaje en ingeniería 

eléctrica donde se estudia el estado estacionario en 

paradigmas científicos estático y dinámico mediante el 

trabajo con analogías entre la propagación del calor en 

estado estacionario y fenómenos eléctricos diversos. Se 

concluye que estos elementos permiten ampliar la noción 

de estado estacionario de algo estático hacia algo 

dinámico. 

 

Matemática Educativa, Estado Estacionario, Historia, 

Epistemologí 

 

 

Citation: HINOJOS-RAMOS, Jesús Eduardo & FARFÁN-MÁRQUEZ, Rosa María. Historical-epistemological elements for 

the design of a learning situation from Socioepistemology. The case of steady-state and electrical engineering.  Journal of 

Teaching and Educational Research. 2019 5-15: 1-12  

 
 

 

 

 

 

 

 

 

 

* Correspondence to Author (Email: jesus.hinojos@cinvestav.mx) 

† Researcher contributing as first author. 

 
© ECORFAN Journal-Spain                                                                            www.ecorfan.org/spain



21 

Article                                   Journal of Teaching and Educational Research 

        June, 2019 Vol.5 No.15 20-31 
 

  
ISSN 2444-4952 

ECORFAN® All rights reserved 
HINOJOS-RAMOS, Jesús Eduardo & FARFÁN-MÁRQUEZ, Rosa 

María. Historical-epistemological elements for the design of a learning 

situation from Socioepistemology. The case of steady-state and electrical 

engineering.  Journal of Teaching and Educational Research. 2019 

Introduction 
 

This research arises from teaching experience by 

questioning why we use the Fourier 

trigonometric series (FTS) in electrical 

engineering ?, Hinojos and Farfán (2017a) 

identify that FTS is seen in electrical engineering 

schools as a useful knowledge to solve certain 

types of problems: (1) decompose complicated 

periodic signals into a sum of simpler 

trigonometric functions (sine and cosine), (2) as 

a way of representing a periodic signal (by an 

algebraic expression) and (3) as a technique (in 

conjunction with the principle of superposition) 

to find values of voltages and currents in circuits 

fed with periodic non-sinusoidal sources. These 

meanings promoted in engineering schools 

allude to the fact that the FTS is a tool used to 

solve problems that are addressed in professional 

matters in electrical engineering programs. The 
curricular organization of the Department of 

Electrical Engineering offered by a Mexican 

university is considered as a particular case 

(figure 1), which is composed of three blocks 

and from which it is identified that the FTS 

appears for the first time in Signals and Systems, 

then in Circuits Electrical II and in Electronic 

Power Systems. 
 

 
Figure 1 Curriculum tour in Electrical Engineering 

Source: Own Elaboration 
 

The curricular organization shown 

corresponds to the orthodox model for 

engineering education (Herrera, 1990) that 

presents the curricula divided into three large 

blocks (basic sciences, engineering sciences and 

professional subjects), where professional 

subjects require that the student apply the 

knowledge acquired in the previous blocks. 

Despite the articulation of the mathematics that 

occurs in the Basic Sciences when the student 

reaches the subjects where he solves problems 

with the FTS, he presents some difficulties “the 

students have difficulties to use the 

mathematical tool in the professional subjects, 

referring in part to not remembering the 

formulas or not conceptualizing when the use of 

a certain calculation algorithm is valid ”(J. 

Beristáin-Jiménez, personal communication, 

April 29, 2016). 

From a theory of Educational 

Mathematics, Socioepistemology, it is attributed 

that these difficulties of the FTS presented by 

students are associated with the limitation of 

meanings promoted by the School Mathematical 

discourse (SMd), which is a social consensus 

validated by the school, that not only organizes 

the contents, but extends to establish the bases of 

communication and construction of meanings 

(Cantoral, Farfán, Lezama and Martínez-Sierra, 

2006).  

 

In addition, the SMd focuses its attention 

on the concepts of mathematical objects and 

their hierarchical organization, which for 

practical purposes in the classroom become 

algorithms; This way of presenting the 

mathematical objects has caused that the 

development of the mathematical activity is 

limited only to memorize and reproduce the 

language and rules of the algorithms to solve the 

problems (Cantoral, Montiel and Reyes-

Gasperini, 2015). 

 

A study in Socioepistemology (Farfán, 

2012) identified that the FTS arose from the 

studies carried out by J.B. Fourier about heat in 

1822 and where two contexts that give meaning 

to this mathematical knowledge are 

distinguished: (1) the propagation of heat as the 

situational context for performing mathematical 

activity, and (2) the steady state of temperatures 

such as context of significance from which the 

FTS and the study of its convergence emerged, 

however, the notion of steady state is not 

discussed in the school, but is given a priori 

when analysing electrical circuit problems. 

Hence the question why is the Fourier 

trigonometric series used in electrical 

engineering? It is reformulated considering these 

two contexts to: 1) What is the relationship 

between the propagation of heat and electricity, 

in steady state? and 2) what are the social 

construction sub-elements that make up the 

steady state in the electrical phenomenon? 

 

Given the importance of the steady state 

for the FTS, this article presents the design of a 

learning situation based on socio-epistemology 

with which it is intended to expand the school 

promoted meanings of the notion of steady state 

in the disciplinary framework of engineering 

electric; and from this investigation its results 

are expected to give elements for the redesign of 

the FTS’s SMd. 
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Theoretical framework 

 

Educational Mathematics is a scientific 

discipline that studies the didactic phenomena 

related to mathematics as a body of knowledge 

that is used by different human groups to solve 

tasks or problems that arise in their daily life, 

professional activity or in scientific work such as 

technological development or the same 

mathematics (Cantoral and Farfán, 2003). The 

research community within this discipline has 

also addressed the social elements that permeate 

mathematical activity (Lerman, 2000). 

 

Socioepistemology is a theoretical 

framework that seeks the democratization of 

learning through the social construction of 

mathematical knowledge and its significance, 

taking into account the practices that accompany 

the use of mathematics instead of focusing solely 

on the mathematical object. The social approach 

of Socioepistemology includes situational and 

interactional aspects, but primarily the value of 

the use of mathematics for the problem it solves 

(Cantoral, 2013). 

 

Therefore, this theory considers that 

mathematical knowledge does not have pre-

existing meanings to experience, but rather 

arises from human activity and expands as 

mathematical knowledge is used to solve 

problems.  

 

Thus, the way in which 

Socioepistemology studies the social 

construction of mathematical knowledge is 

through problematization, with which it 

questions the status of mathematics and 

identifies how it is constructed and transmitted 

in particular scenarios, to later design learning 

situations for classroom intervention; that is, it is 

not intended to generate a fictional genesis of the 

emergence of mathematics in a given scenario, 

but to enhance the elements that allow the social 

construction of meanings (Cantoral and Farfán, 

2003). 

 

Methodological considerations 

 

The problematization is a theoretical-

methodological tool that consists in studying the 

use of mathematical knowledge through four 

dimensions: didactic, cognitive and 

epistemological, permeated by the social 

dimension (Cantoral, 2013).  

 

In problematization, the uses of 

mathematical knowledge are identified as part of 

a culture, a product of human activity in its 

situational context and significance. The 

situational context refers to the conditions where 

knowledge is given, which are framed at a 

specific time and place, while the context of 

significance indicates the way in which 

mathematical knowledge is constituted and the 

value it has to solve problems ( Cantoral, 

Montiel and Reyes-Gasperini, 2015). 

 

To study the epistemological dimension 

through problematization, a historical-

epistemological analysis (historization) is 

carried out in original scientific works that, in 

addition to considering historical facts, identifies 

the emergence of a specific mathematical 

knowledge, the social and cultural circumstances 

of the Age of the authors, the elements that 

allowed him to build or configure his work and 

the problem that was solved or tried to solve.  

 

This study allows us to question the value 

of the use of mathematics in the context of the 

emergence of knowledge itself and identify 

elements for its social construction, through the 

author's mathematical activity and its 

reconstruction.  

 

The historization then provides design 

principles for the elaboration of learning 

situations that are applied to a group of students, 

and of which their mathematical activity is 

contrasted with that of the author of the scientific 

work; and this contrast seeks to identify the 

invariant elements in mathematical activity for 

the construction of mathematical knowledge 

meanings. 

 

Specifically in the historicization are 

identified: (1) an author and his work located in 

the historical moment in which it was written, (2) 

the author's intention to create his work and the 

problem to which he gave or tried to solve, (3 ) 

the mathematical tools or techniques used / 

created to develop his work, (4) the paradigm of 

scientific thought, (5) the mathematical work 

done which is reconstructed using the current 

tools, (6) the main mathematical result of the 

work and its relationship with current 

knowledge, and (7) the elements of social 

construction of mathematical knowledge of the 

work (the invariants among the works) to 

establish an epistemological hypothesis that 

supports the design of learning situations. 
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The learning situation presented in this 

article is based on the historicization made by 

Hinojos and Farfán (2017b) of the work of three 

scientists of the nineteenth century (G. S. Ohm, 

W. Thomson and J. C. Maxwell); In the 

following sections it is detailed: what elements 

of the historization allowed to configure a 

hypothesis to elaborate the learning situation, the 

organization and content of the tasks, and what 

is expected to be obtained as production when 

carrying out a didactic intervention.  

 

Results 

 

Based on Farfán's research (2012), where 

Fourier's work identifies the propagation of heat 

as the situational context and the steady state as 

the context of significance for the emergence of 

the FTS. Fourier's work greatly inspired the 

nineteenth-century scientific community 

(Narasimhan, 1999), in the case of theories about 

electricity, it was the basis for the 

mathematization of electrical conduction (Ohm), 

the theorizing about electrostatic equilibrium 

(Thomson) and the transmission of messages by 

telegraph over long distances (Maxwell), Figure 

2 illustrates the historical review map. 

 

 
 

Figure 2 Historical review map 

Source: Built from (Hinojos and Farfán, 2017b) 

 

Next, as mentioned in the 

methodological considerations section, the 

historical scheme for the works of Ohm, 

Thomson and Maxwell is shown, with the 

exception of the last step, which is identified 

with a cross-sectional analysis of the works 

(section 3.4 ). 

 

Results in Ohm 

 

Author and work. G. S. Ohm, was a German 

scientist who was born in the late eighteenth 

century, known primarily for his contributions to 

theories about galvanism (currently electric 

current), in particular his work Die Galvanische 

kette Mathematisch Bearbeitet (written in 1827) 

was analyzed. 

 

Intention of the work. Ohm's intention 

was to provide theories of galvanism with 

mathematical rigor that until now had only been 

studied qualitatively, this was done through 

laboratory experiments with circuits formed by 

conductive wires and voltaic batteries, and using 

analogies with other physical phenomena, 

mainly with the spread of Fourier heat.  

 

Tools or mathematical techniques. The 

mathematical work carried out by Ohm 

consisted of establishing the equivalence 

between galvanism and the propagation of heat, 

so that the electrical conduction could be 

modeled on solid wires based on the Fourier 

work of 1822, we call this the establishment of a 

semiformal analogy insofar as it mathematizes 

the phenomenon working in tandem with the 

physical considerations that model it. 

Mathematically, the author used the Taylor 

series and notions of differential calculus to find 

a differential equation that models the change of 

voltage over time in a galvanic circuit. 

 

Paradigm of scientific thought. In a 

dynamic paradigm, the electric current is called 

galvanic fluid and is considered a substance that 

moves through the bodies and fills them in full. 

 

Reconstruction of mathematical work. 
Ohm begins by defining the parameters involved 

in the galvanic phenomenon: a conductive wire 

can be considered as a set of disks of infinitely 

small thickness with constant radius, as the 

length of the conductor is much larger than the 

width and height, the conduction is only 

performed in one direction (declared with 

respect to the x axis), this way of considering the 

wire is illustrated in Figure 3.  

 

In relation to Fourier's work, this is 

equivalent to his physical model for the 

propagation of heat along a bar of infinite length. 

 
 

Figure 3 Ohm conductor wire model 

Source: (Hinojos and Farfán, 2017b, p. 76) 

 

 

 



24 

Article                                   Journal of Teaching and Educational Research 

        June, 2019 Vol.5 No.15 20-31 
 

  
ISSN 2444-4952 

ECORFAN® All rights reserved 
HINOJOS-RAMOS, Jesús Eduardo & FARFÁN-MÁRQUEZ, Rosa 

María. Historical-epistemological elements for the design of a learning 

situation from Socioepistemology. The case of steady-state and electrical 

engineering.  Journal of Teaching and Educational Research. 2019 

Declares that the amount of electricity 

transferred (ρ) in the entire wire is proportional 

to the conduction quality (conductivity constant, 

χ) and the constant difference of the 

electroscopic forces (voltages, u'-u) in a 

infinitely small time interval (∂ t) and inversely 

proportional to the distance that separates the 

centers of each disk (s). 

 

𝜌 =
𝜒(𝑢′−𝑢)𝜕𝑡

𝑠
                                                      (1) 

 

This expression is used to determine the 

amount of electricity that passes from one disk 

to another in the model in Figure 3. If we select 
any of the disks, and imagine another one whose 

distance from the first is x, then dx represents the 

thickness of the disk that will be designated M. 

The electroscopic force (voltage) will be u at 

time t, for the disk M located at x. From this it 

follows that u is a function that depends on the 

distance x and the time t; what in current notation 

would be u (x, t). 

 

If the electroscopic force on the disks 

immediately before (M’) and after (M1) at M is 

u' and u1 for the positions of x + dx and x-dx 

respectively, the distance from the center of the 

disks M’ and M1 to the center of disk M will 

correspond to the distance dx. 

 

Consequently, the expression 𝜌 =
𝜒(𝑢′−𝑢)𝜕𝑡

𝑠
 will change to be considered 𝜌′ =

𝜒(𝑢′−𝑢)𝜕𝑡

𝜕𝑥
 on the disk 𝑀′ and 𝜌1 =

𝜒(𝑢1−𝑢)𝜕𝑡

𝜕𝑥
 on 

the disk 𝑀1. The total change in the amount of 

electricity for the disk M during the time interval 

dt, will be in this case the sum of the expressions 

𝜌′ and 𝜌1. 

 

𝜌 =
𝜒(𝑢1−𝑢)𝜕𝑡

𝜕𝑥
+

𝜒(𝑢′−𝑢)𝜕𝑡

𝜕𝑥
                                         (2) 

 

 

Algebraically the expression is reduced 

to: 

 

𝜌 =
𝜒(𝑢1+𝑢′−2𝑢)𝜕𝑡

𝜕𝑥
                                                        (3) 

 

As 𝑢 = 𝑢(𝑥, 𝑡), 𝑢’ = 𝑢(𝑥 + 𝜕𝑥, 𝜕𝑡) and 

𝑢1 = 𝑢(𝑥 − 𝜕𝑥, 𝜕𝑡). 

 

Both expressions (u’ and u1) are 

developed using the Taylor series for a variable 

with respect to x, the expression of  ρ is reduced 

to: 

𝜌 = 𝜒
𝜕2𝑢

𝜕𝑥2 𝜕𝑥𝜕𝑡                                                      (4) 

 

Considering the absolute conductivity 

𝜒 = 𝜔𝜒 (where ω is the magnitude of disk mass) 

and the effects of the atmosphere on the 

conducting body bcu ∂x ∂t, this is in accordance 

with Coulomb's theory about the effect of the 

atmosphere on the conducting bodies, where b is 

the atmospheric coefficient, c the circumference 

of the disk and u the voltage. The expression for 

ρ is extended to: 

 

𝜌 = 𝜒𝜔
𝜕2𝑢

𝜕𝑥2 𝜕𝑥𝜕𝑡 − 𝑏𝑐𝑢𝜕𝑥𝜕𝑡                                 (5) 

 

So, Ohm considers the total change of the 

electroscopic force for the M disk as:  

 

∆𝑇𝑜𝑡𝑢= 𝛾𝜔
𝜕𝑢

𝜕𝑡
𝜕𝑥𝜕𝑡                                          (6) 

 

Where γ is a hypothetical parameter 

proposed by Ohm, to emulate the heat capacity 

of bodies proposed in Fourier heat theory. 

 

To maintain the energy balance in the 

circuit, both expressions (𝜌 and ∆𝑇𝑜𝑡𝑢) they must 

be the same: 

 

𝜒𝜔
𝜕2𝑢

𝜕𝑥2 𝜕𝑥𝜕𝑡 − 𝑏𝑐𝑢𝜕𝑥𝜕𝑡 = 𝛾𝜔
𝜕𝑢

𝜕𝑡
𝜕𝑥𝜕𝑡            (7) 

 

That when simplifying algebraically 

results in the expression, which is a partial 

differential equation of the second order whose 

solution allows to find the value of the voltage 

anywhere in the circuit:  

 

𝛾
𝜕𝑢

𝜕𝑡
= 𝜒

𝜕2𝑢

𝜕𝑥2 −
𝑏𝑐

𝜔
𝑢                                                      (8) 

 

Main mathematical result. Ohm uses 

the differential equation he obtains to propose 

three solutions. 

 

Solution 1. When the circuit is 

independent of time and the atmosphere does not 

influence it. These considerations result in a 

linear function for the voltage that depends on 

the distance where the measurement is made. 

u(x) =
a

l
(x − λ) + α, where a is the value of the 

source, l the length of the circuit, λ the place 

where the measurement was made and α some 

voltage provided by external factors. 
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Solution 2. When the circuit is 

independent of time and the atmosphere 

influences it. These considerations cause the left 

side of the differential equation to be zero, 
∂2u

∂x2 −
bc

χω
u = 0 (rearranged and simplified), this 

equation is solved by Ohm by means of 

undetermined coefficients, obtaining u(x) =
1

2
a (

eβx−e−βx

eβ(l)−e−β(l)), where β2 =
bc

χω
, a is the source 

voltage and circuit length. 

 

Solution 3. When the circuit is not 

independent of time and the atmosphere 

influences. Under these considerations, Ohm 

divides the solution into what happens while 

time affects the (transitory) phenomenon and 

what happens when the phenomenon is 

independent of time (steady state). The solution 

consists of the sum of both states, obtaining the 

expression u =
a

2l
x +

a [∑ (
iπ

i2π2+l2) sen (
iπ(x+l)

l
) e

−
χi2π2t

l2∞
i=1 ], where 

the term that contains the summation consists of 

sine functions with a negative exponential 

coefficient that depends on time, this term 

decreases as time tends to infinity until it 

disappears, which corresponds to the steady 

state.  

 

Results in Thomson 

 

Author and work. W. Thomson (Lord Kelvin) 

was a British scientist who was born in the 19th 

century, who carried out various works on 

thermodynamics and electricity. The work that 

was analyzed is part of a compendium of 

scientific articles by the author about his 

research in electrostatics and magnetism (from 

1872), particularly his articles On the Motion of 

Heat in Homogeneous Solid Bodies, and its 

Connexion with the Mathematical Theory of 

Electricity and On the Mathematical Theory of 

Electricity in Equilibrium. 

 

Intention of the work. Thomson's work 

on electricity was oriented to the search for 

mathematical analogies between thermal and 

electrical phenomena (Acevedo, 2004); The way 

to analyze the distribution of electricity, the 

physical model of propagation of one particle to 

another through a medium, the distance action 

and the geometric representation of the flow of 

electricity were some of the mathematical 

analogies proposed by Thomson through the 

comparison of the phenomena. 

Tools or mathematical techniques. In 

particular, Thomson used material analogies 

between physical models, notions of steady state 

and isothermal surfaces to explain electrostatic 

problems. 

 

Paradigm of scientific thought. In a 

static paradigm, based on Coulomb's theories 

about electrostatic interaction (which takes 

Newton's model of distance action to model the 

force of attraction), the electric charge does not 

contemplate the influence of the electric field 

with the surrounding environment and it is 

conceptualized as a substance that fills the 

bodies. 

 

Reconstruction of mathematical work. 
In Thomson's revised works, the author focuses 

on establishing direct physical equivalences 

between the phenomena of steady state heat 

propagation and electrostatic equilibrium. These 

equivalences are considered a material analogy, 

as they refer to direct correspondences between 

phenomena without reaching a mathematical 

model (as in the case of Ohm). Based on this 

theorization, Thomson concludes that Fourier 

theorems are applicable to the case of 

electrostatics. 

 

Main mathematical result. Thomson's 

main result was the equivalence between the 

phenomena in the static paradigm, which 

consists of visualizing the propagation of heat in 

a steady state and a system of bodies charged by 

induction in electrostatic equilibrium, 

establishing the equivalence between the 

physical parameters of each one ( figure 4). 
 

 
 

Figure 4 Thomson analog model 

 

Results in Maxwell 

 

Author and work. J. C. Maxwell was a Scottish 

scientist who was born in the 19th century, 

whose most important contributions were in the 

field of electromagnetic theory and 

electromagnetism.  

Sistema en equilibrio 

electrostático 
Cuerpo B con una carga -Q 

Dirección de la fuerza de atracción electrostática, 

Punto sobre la superficie de A 
Cuerpo A con una carga Q 

Sistema térmico en estado 

estacionario 
Cuerpo B con temperatura 𝑇𝐵 

Dirección de propagación del 

calor con 𝑇 > 𝑇  
Punto sobre la superficie de A 

Cuerpo A con temperatura 𝑇𝐴 

Los sistemas de cuerpos 

se encuentran en 
equilibrio electrostático y 

temperatura en estado 
estacionario, si se 

considera que el tiempo 

𝑡 → ∞. 
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The work analyzed was volume 1 of the 

book A Treatise on Electricity and Magnetism 

(published in 1881 posthumously). 

 

Intention of the work. The work was 

written with the intention of generating an 

official text for Physics at the University of 

Cambridge, this is indicated by Maxwell in the 

preface where other scientists added posthumous 

notes. 

 

Tools or mathematical techniques. It 

establishes the equivalences between the 

propagation of heat and the conduction of 

messages from a telegraphic cable using vector 

notations and calculation of quaternions, the 

mathematical theory of Ohm's galvanism, the 

theory of heat propagation, notions of steady 

state and transient analysis for electrical circuits. 

From this study, this type of equivalence is 

recognized as a formal analogy as it establishes 

the physical similarity between phenomena and 

mathematizes it, but the mathematical model is 

independent of the physical. 

 

Paradigm of scientific thought. Framed 

in a dynamic paradigm about the conduction of 

electricity, Maxwell solved the problem of the 

transmission of messages by telegraph by 

analyzing a circuit equivalent to the telegraph 

cable and an analogy between the propagation of 

heat and the transmission of messages, with 

which he obtained a model mathematician where 

he considered the transitory of sending the 

message and the steady state; We identify this as 

a formal analogy because in addition to 

establishing the physical similarity analogy of 

phenomena, it also achieves its 

mathematization.. 

 

Reconstruction of mathematical work. 
To construct the formal analogy with the 

propagation of heat, Maxwell considered that the 

ability of bodies to retain heat cannot be 

reproduced identically in an electrical 

phenomenon, however, something similar is 

observable in the transmission of messages 

through transatlantic telegraph (figure 5) and 

mathematically modeled with the Fourier heat 

propagation equation. 

 

In the circuit shown, the resistance (R) 

and capacitance (C) value is considered to be the 

same in each section, while the values for the 

electric charges in each capacitor (Qn) are 

different given the distribution of the input load 

(𝑄0).  

The electric charge on each capacitor 

would be given by 𝑄𝑛 − 𝑄𝑛+1 = 𝐶𝑃𝑘, where 𝑃𝑘 

corresponds to the electrical potential of the 

node with respect to ground; in the case of the 

first node, its voltage would be given by 𝑃1 =
𝑄0−𝑄1

𝐶
, for the second it would be 𝑃2 =

𝑄1−𝑄2

𝐶
, and 

so on for each node. 

 

 
 

Figure 5 Maxwell model of the transatlantic telegraph 

 

Subsequently, through Ohm's law, you 

have that the potential difference is 𝑃𝑘 − 𝑃𝑘+1 =
𝑅𝐼; and as the current is the change of the load 

with respect to time 𝐼 =
𝑑𝑄

𝑑𝑡
; replacing in Ohm's 

law you get 𝑃𝑘 − 𝑃𝑘+1 = 𝑅
𝑑𝑄𝑛+1

𝑑𝑡
. 

 

Given this, for each resistance in the 

circuit the expressions would have 𝑃1 − 𝑃2 =

𝑅
𝑑𝑄1

𝑑𝑡
; 𝑃2 − 𝑃3 = 𝑅

𝑑𝑄2

𝑑𝑡
; 𝑃3 − 𝑃4 = 𝑅

𝑑𝑄3

𝑑𝑡
; and so 

on. 

 

Substituting the expressions of the 

potentials as a function of the electric charge we 

have a set of equations with the form 𝑄𝑛 −

2𝑄𝑛+1 + 𝑄𝑛+2 = 𝑅𝐶
𝑑𝑄𝑛+1

𝑑𝑡
. 

 

If a general model is considered in which 

each section of the circuit has the same 

magnitude for the parameters of R and C; for a 

voltage v the total amount of load Q at the 

beginning of the circuit observed in each node 

between remote sections an infinitely small 

distance (from the section in x to the section 𝑥 +

𝜕𝑥) you get the expression 𝑄 − (𝑄 +
𝑑𝑄

𝜕𝑥
𝜕𝑥) =

−
𝑑𝑄

𝑑𝑥
𝜕𝑥; which is equivalent to the expression of 

the charge in a capacitor −
𝜕𝑄

𝜕𝑥
= 𝐶𝑣 (the sign 

indicates the direction of the current). 

 

For the voltage component along the axis 

𝑥 (𝑣𝑥 = −
𝜕𝑣

𝜕𝑥
), by Ohm's law you have 𝑣𝑥 = 𝑅𝐼, 

and substituting the equivalences established 

above, you get −
𝜕𝑣

𝜕𝑥
= 𝑅

𝜕𝑄

𝜕𝑡
. 
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Clearing ∂Q of both equations, equating 

them and simplifying algebraically you have the 

expression 
𝜕𝑣

𝜕𝑡
=

1

𝑅𝐶

𝜕2𝑣

𝜕𝑥2. If the circuit is 

considered to be affected by the surrounding 

environment (given a non-perfect insulation), 

the model for insulation resistance, by the 

cylindrical geometry of the wire, is given by the 

expression 𝑅𝑎𝑖𝑠 =
1

2𝜋
𝜌𝐿𝑛 |

𝑟1

𝑟2
|, where 𝜌 is the 

specific resistance of the insulating material and 

𝑟1, 𝑟2 they correspond to the inner and outer radii 

of the center of the wire towards the insulator 

and towards the surface in contact with the 

surrounding medium.  

 

The loss towards the environment is 

given by the expression 𝑣𝑎𝑚𝑏 =
1

𝑅𝑎𝑖𝑠𝐶
𝑣. Combining 

the differential equation with the loss towards 

the environment there is a model for the voltage 

change: 

 

𝐶
𝜕𝑣

𝜕𝑡
=

1

𝑅

𝜕2𝑣

𝜕𝑥2 −
1

𝑅𝑎𝑖𝑠
𝑣                                       (9) 

 

Main mathematical result. The model 

obtained by Maxwell is a partial differential 

equation of the second order that can be used to 

know the value of the voltage over time in any 

section of the cable. Maxwell unlike Ohm does 

not show solutions for the model, however, we 

can see that both models are mathematically 

equivalent: 𝛾
𝜕𝑢

𝜕𝑡
= 𝜒

𝜕2𝑢

𝜕𝑥2 −
𝑏𝑐

𝜔
𝑢 y 𝐶

𝜕𝑣

𝜕𝑡
=

1

𝑅

𝜕2𝑣

𝜕𝑥2 −
1

𝑅𝑎𝑖𝑠
𝑣. When comparing both models, it is 

necessary that γ and C correspond analogously 

to the heat capacity of the bodies.The transitory 

one is considered by Maxwell at the time of 

indicating that the sending of messages by 

telegraph takes a certain time in being realized, 

since in the equivalent circuit it takes some time 

to load each capacitor and the message is sent 

until all the capacitors are loaded; in relation to 

the steady state, this can be found by using the 

differential equation to model the transmission 

of messages when time is considered 𝑡 → ∞. 
 

Elements of social construction of the notion 

of steady state 
 

From the historization of Hinojos and Farfán 

(2017b), an epistemological hypothesis is 

configured for the construction of the notion of 

stationary state: mathematical knowledge related 

to the stationary state is constructed by transiting 

between the static and dynamic paradigms with 

the establishment of material analogies. 

semiformal-formal heat and electricity.  

Therefore, for the design of the learning 

situation that we present, we start from the 

following elements of social construction: (1) 

recognize that before the steady state the 

transitory is given as a previous process; (2) 

establish the material-semiformal-formal 

analogies to recognize that the steady state 

requires both to identify the similarity between 

physical phenomena and their mathematization, 

where this mathematization is independent of the 

phenomenon; and (3) the transition from a static 

to a dynamic paradigm, to consider that the 

steady state has a constant behavior but that it 

can also have small bounded and periodic 

variations over time. 

 

Design of the learning situation 

 

Organization of the tasks 

 

The learning situation is constructed as a 

sequence of four tasks that begins in a static 

paradigm by establishing a material analogy 

(identifying the equivalence between the 

physical rationality of phenomena); later in a 

dynamic paradigm a semiformal analogy is 

constructed (by means of the equivalences 

between the physical rationality and the 

mathematization of the stationary state); this 

analogy becomes formalized in a dynamic 

paradigm (through its mathematization); and 

finally it deepens the notions about the steady 

state in problems related to the analysis of 

electrical circuits. The complete learning 

situation can be consulted in the following link. 

 

Main content of the tasks 

 

Homework 1 

 

Task 1 is based on Thomson's work, it seeks to 

establish the material analogy between the 

propagation of heat at steady state with a system 

of bodies in electrostatic equilibrium in a static 

paradigm. The material analogy consists in 

identifying the direct equivalences between the 

thermal and electrostatic parameters; this 

through the construction of thermal systems (two 

bodies at different temperatures, but constant, 

steady state) and electric (two bodies electrically 

charged by induction, in electrostatic 

equilibrium).  It was chosen to start with 

Thomson's analogy, given that the paradigm is 

static and the notion of steady state is related to 

the notions of equilibrium, even though Ohm's 

work first arose. 

 

https://www.dropbox.com/s/q48k9i6kv7c202d/TareasCombinadas.pdf?dl=0
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The task is divided into three parts: (1) 

theoretically establish a diagram representing 

the thermal system in steady state, (2) develop a 

diagram of a system of charged bodies in 

electrostatic equilibrium and (3) make the 

comparison between the physics of both 

diagrams to identify equivalences and thus raise 

the material analogy (figure 6). 

 

 
 

Figure 6 Thomson's analogy 

 

Task 2 

 

Task 2 is based on Ohm's work, it seeks to 

establish a semi-formal analogy between the 

propagation of heat and electrical conduction in 

a dynamic paradigm, this through the 

consideration of the transient and the steady state 

of both systems. The semi-formal analogy is 
made by identifying physical equivalences and 

mathematizing the electrical phenomenon.  

 

The task is divided into two parts: (1) 

develop the physical problem of the propagation 

of heat in steady state and the conduction of 

electricity through a wire, in such a way that the 

direct analogy and the differences between both 

kinds of phenomena, considering the transitory 

and the steady state; and (2) based on a 

demonstrative reading of the mathematical 

development of the problem of conducting 

electricity on a wire, answer three reflection 

questions about the analogy, the development of 

the problem and its mathematization.  

 

An extract of the designed task is shown 

in Figure 7, where the comparison is made 

between the way in which heat is propagated 

along a body and how the electric current is 

established. 

 

 
 

Figure 7 Excerpt from task 2 

Task 3 

 

Task 3 is based on Maxwell's work, it seeks to 

establish a formal analogy (mathematized) 

between the propagation of heat in steady state 

and the transmission of messages through the 

transatlantic telegraph in a dynamic paradigm; in 

both cases, both the transitory and the steady 

state of the phenomena are taken into 

consideration. The task is divided into four parts 

described below. 

 

In the first part three different situations 

are contemplated: (1) a problem where an 

analogy is made between a system of bodies with 

steady state temperature and another system of 

bodies with electric charge by induction, and 

deepens the differences between the two, since 

the similarities were explored in task 1; (2) a 

problem of heating / cooling a thick plate and its 

analogy with some electrical phenomenon, so 

that students use their knowledge of physics to 

find the equivalent; and (3) a hypothetical 

situation of the transmission of a message by 

telegraph during the nineteenth century, to 

encourage reflection on the speed of 

transmission of the message; referring to the 

latter situation, figure 8 is shown. 

 

 
 

Figure 8 Telegraph problem 

 

The second part of the task presents a problem 

where it is considered a resistance to heat water 

and reflects on the speed of the temperature 

increase and the establishment of the electric 

current.  

 

The purpose of this part of the task is to 

show that, although the phenomenon of heat and 

electricity propagation is similar, the electric 

current produces an increase in temperature, but 

the behavior of both is not identical. 

 

 

 

 

Cuerpo B 

Temperatura=0°C 

Carga=-Q 

Cuerpo A 

Temperatura=100°C 

Carga=Q 

Dirección de: 

Propagación de calor 

Fuerza de atracción 
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The third part of the task consists of four 

subsections, where the approach of the problem 

that allowed Maxwell to obtain the equation for 

the transmission of messages by transatlantic 

telegraph is carried out, by analyzing a circuit 

equivalent to the telegraph from which a model 

is obtained based on basic laws of electricity 

(Ohm's law) and the concept of capacitance; at 

the end, the second differential partial 

differential equation obtained by Maxwell is 

shown. 

 

The fourth part takes up the equation 

shown at the end of Task 2 (from Ohm), the 

Maxwell differential equation (shown in the 

third part) and the Fourier partial differential 

equation for heat propagation; through a table 

the parameters of the three differential equations 

are compared, three reflection questions are 

asked regarding the comparison between them 

and the way in which they can be analyzed to 

study the transient and the steady state of the 

phenomena. 

 

Task 4 

 

Task 4 is based on problems of analysis of 

electrical circuits and power electronics, with 

them it seeks to deepen the notions of the 

transient and the conditions in which the steady 

state in electrical circuits occurs in a dynamic 

paradigm, taking as base the knowledge built on 

tasks 1, 2 and 3. The task is divided into three 

parts described below.. 

 

In the first part, a parallel resistive-

capacitive (RC) arrangement is presented (figure 

9), separated from the power supply by means of 

a switch that is initially closed; The circuit is 

analyzed considering the two states of the switch 

(open and closed) and subsequently switching 

the switch periodically and analyzing the 

behavior of the waveforms in the circuit 

resistance. 

 
 

Figure 9 Circuit 1 

Source: Own Elaboration 

The second part shows an RC circuit 

connected in series (figure 10) to a voltage 

source and an arrangement of switches. It is 

indicated that, when starting to analyze the 

circuit, the switches are closed and both change 

position simultaneously. From the circuit, the 

waveforms that are observed in the resistance are 

analyzed considering the switches closed, open 

and switching periodically. 

 

 
 

Figure 10 Circuit 2 

Source: Own Elaboration 

 

The third part consists of two direct 

current converter circuits (a reducer and a 

voltage booster). The circuits and voltage 

waveforms that are obtained on a large scale are 

presented (both the transient and the steady state 

are appreciated) and a small-scale approach 

(only the steady state is appreciated) (figure 11), 
for each question is asked about the 

characteristics of the waveforms, their transient 

and the steady state. 

 

 
 

Figure 11 Converter circuits  

Source: Own Elaboration 

 

Conclusions 

 

As it was shown in section 3, by means of the 

historization we identify in the original works 

the epistemological elements that allude to the 

development of mathematical knowledge related 

to the steady state: the authors, their work and 

their social context, the intentions for the writing 

of their works , the mathematical tools or 

techniques used, the paradigm of the scientific 

thought of the time, the mathematical work, its 

reconstruction and its main results. 
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In particular, in the case of this 

investigation, the work of each author is 

determined (Ohm, Thomson and Maxwell): their 

paradigm (static or dynamic), the particular 

problem they solved (electrical conduction, 

electrostatic balance and transmission of 

telegraphic messages, respectively) and the type 

of analogy developed (material, semi-formal and 

formal). These elements configure the 

situational context for the mathematical work 

that is led to the design of the learning situation, 

and with a cross-sectional analysis of the works, 

we infer that the notion of steady state is the 

context of significance for said mathematical 

work, as reported Farfán (2012) in the case of 

heat, which is discussed in the designed learning 

situation. 

 

The identification of both contexts 

(situational and of significance) provide the 

inputs for the elaboration of the learning 

situation; in the case of the situational context, 

the focus is not to generate a situation that 

simulates the scientist's work but to take the 

epistemological elements identified for the 

mathematical work, particularly the problem that 

was solved and the analogies between the 

phenomena; the context of significance, on the 

other hand, is necessary to generate it as the basis 

of design since it gives meaning to mathematics 

to broaden the notion of steady state from a static 

paradigm to a dynamic one.  

 

The learning situation presented in 

section 4, was used in a group of electrical 

engineering students who studied the subject of 

power electronics in the August-December 2018 

semester (belonging to the block of professional 

subjects). Currently the research project is in the 

in-depth analysis of these data, with which it has 

been identified that the idea of electricity as a 

substance tends to diminish as one works with 

formal analogies; idea that corresponds to an 

epistemological obstacle (Bachelard, 2000) 

related to the development of electrical sciences, 

which causes substance characteristics to be 

granted to phenomena that are not given the 

perception of the senses. The presence of this 

obstacle alludes to the complexity of phenomena 

that are in a steady state such as heat and 

electricity, whose confrontation is necessary for 

the construction of mathematical knowledge. 

 

The idea of electricity as a substance was 

identified in the works of Ohm and Thomson.  

 

Ohm considered electric conduction as a 

substance that moves through bodies and fills 

them in full, while Thomson conceptualized 

electric charge as a substance that fills bodies. 

But when arriving at the work of Maxwell this 

idea is confronted thanks to the dimensions of 

the components of the transatlantic cable that 

allowed to identify that the electricity does not 

travel at the speed of the light, but that the cable 

is equivalent to an electrical circuit that requires 

a time to load, which was not noticeable given 

the laboratory components that Ohm had. 

 

So far, in the data analysis it has been 

identified that the notion of steady state in a 

static paradigm is related to the tendency to a 

constant value or steady state. With the full 

analysis it is hoped to identify that this notion is 

extended by moving towards the dynamic 

paradigm; and also contrast the mathematical 

activity of students and scientists to validate and 

adjust as necessary the elements of social 

construction of the steady state that were 

proposed as the context of significance. 

 

References 
 

Acevedo, J. (2004). El papel de las analogías en la 

creatividad de los científicos: La teoría del campo 

electromagnético de Maxwell como caso 

paradigmático de la historia de las ciencias. Revista 

Eureka sobre Enseñanza y Divulgación de las 

Ciencias, 1(3), 188-205. 

 

Bachelard, G. (2000). La formación del espíritu 

científico. México: Siglo XXI. 

 

Cantoral, R. (2013). Teoría Socioepistemológica de 

la Matemática Educativa. España: Gedisa. 

 

Cantoral, R. y Farfán, R. (2003). Matemática 

Educativa: una visión de su evolución. Revista 

Latinoamericana de Investigación en Matemática 

Educativa, 6(1), 27-40. 

 

Cantoral, R., Farfán, R., Lezama, J. y Martínez-

Sierra, G. (2006). Socioepistemología y 

representación: algunos ejemplos. Revista 

Latinoamericana de Investigación en Matemática 

Educativa, (Especial), 83-112. 

 

Cantoral, R., Montiel, G. y Reyes-Gasperini, D. 

(2015). Análisis del discurso Matemático Escolar en 

los libros de texto, una mirada desde la Teoría 

Socioepistemológica. Avances de Investigación en 

Educación Matemática, 8, 9-28. 

 



31 

Article                                   Journal of Teaching and Educational Research 

        June, 2019 Vol.5 No.15 20-31 
 

  
ISSN 2444-4952 

ECORFAN® All rights reserved 
HINOJOS-RAMOS, Jesús Eduardo & FARFÁN-MÁRQUEZ, Rosa 

María. Historical-epistemological elements for the design of a learning 

situation from Socioepistemology. The case of steady-state and electrical 

engineering.  Journal of Teaching and Educational Research. 2019 

Farfán, R. (2012). Socioepistemología y Ciencia. El 

caso del estado estacionario y su matematización. 

España: Gedisa. 

 

Herrera, R. (1990). Crítica al modelo ortodoxo de la 

enseñanza de la ingeniería e ideas para su 

modificación. Tecnología en marcha, 10(1), 3-16. 

 

Hinojos, J. y Farfán, R. (2017a). Breve recorrido por 

el discurso matemático escolar de la serie de Fourier 

en el contexto del ingeniero en electrónica. Acta 

Latinoamericana de Matemática Educativa, 30, 838-

846. 

 

Hinojos, J. y Farfán, R. (2017b). Acerca de las 

nociones de estabilidad en electricidad, la relación 

entre el calor y la electricidad. Revista de História da 

Educação Matemática, 3(3), 68-100. 

 

Lerman, S. (2000). The Social Turn in Mathematics 

Education Research. En J. Boaler (Ed.), Multiple 

Perspectives on Mathematics Teaching and 

Learning, 19-44. Estados Unidos: Ablex Publishing. 

Maxwell, J. (1881). A Treatise on Electricity and 

Magnetism. Reino Unido: Cambridge University 

Press. 

 

Narasimhan, T. (1999). Fourier’s heat conduction 

equation: History, influence, and connections. 

Reviews of Geophysics, 37(1), 151-172. 

Ohm, G. (1827). Die Galvanische Kette 

Mathematisch Bearbeitet. Alemania. 

 

Thomson, W. (1872). Reprints of Papers on 

Electrostatics and Magnetism. Reino Unido: 

Macmillan & Co. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



32 

Article                                   Journal of Teaching and Educational Research 

        June, 2019 Vol.5 No.15 32-39 
 

  

Pedagogical considerations of the curricular incorporation of ICT 

 

Consideraciones pedagógicas de la incorporación curricular de las TIC 
 

OCAMPO-BOTELLO, Fabiola*, VERA-HERNÁNDEZ, Gumersindo and DE LUNA-CABALLERO, 

Roberto 

 
Instituto Politécnico Nacional, Escuela Superior de Cómputo 

 

ID 1st Author: Fabiola, Ocampo-Botello / ORC ID: 0000-0003-4407-5832 

 

ID 1st Coauthor: Roberto, De Luna-Caballero / ORC ID: 0000-0003-3524-4243  

 

DOI: 10.35429/JTER.2019.15.5.32.39                                                          Received March 30, 2019; Accepted June 30, 2019 

 

Abstract 

 

The potential for the incorporation of Information 

and Communication Technologies (ICT) in 

education faces several challenges to consider, 

ranging from literacy and digital gaps, to varied 

simple or advanced levels of appropriation, from 

simple way of automating teaching activities for 

expository purposes or exchanging information to 

those teaching experiences that could hardly be 

developed without them. The process of 

incorporating ICT in the teaching task is a gradual, 

reflective and continuous process of permanent 

training that allows the teacher to develop 

educational experiences that modify the traditional 

way of teaching instruction, transformations that 

allow redesigning their educational practice with the 

purpose of creating meaningful learning in learners. 

With the intention of offering some of the initial 

considerations to be taken into account, this paper 

presents certain aspects to keep in mind in the 

inclusion of ICT in the design of activities for 

academic purposes. 

 

 

TIC, Digital gap, Technological appropriation    

Resumen  

 

El potencial de la incorporación de las Tecnologías 

de la Información y la Comunicación (TIC) en la 

educación enfrenta diversos retos a considerar, los 

cuales van desde la alfabetización y las brechas 

digitales, hasta los variados niveles simples o 

avanzados de apropiación, desde la simple forma de 

automatización de las actividades docentes con fines 

expositivos o el intercambio de información hasta 

aquellas experiencias docentes que difícilmente se 

podrían desarrollar sin estas. El proceso de 

incorporación de las TIC en el quehacer docente es 

un proceso gradual, reflexivo y continuo, de 

formación permanente que permite al profesor 

desarrollar experiencias educativas que modifican la 

forma tradicional de la impartición de instrucción, 

transformaciones que permitan rediseñar su práctica 

educativa con la finalidad de crear un aprendizaje 

significativo en los aprendices. Con la intención de 

ofrecer algunas de las consideraciones iniciales a 

tomar en cuenta, en este artículo se presentan ciertos 

aspectos a tener presentes en la inclusión de las TIC 

en el diseño de actividades con fines académicos. 

 

Apropiación tecnológica, Brechas, TIC 
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Introduction 

 

Information and Communication Technologies 

(ICT) have been defined in various ways, in 

order to know their nature, some of these 

definitions are presented below. 

 

Tinio (2003: 4) defines Information and 

Communication Technologies (ICT) as a diverse 

set of tools and technological resources used to 

communicate and create, disseminate, store and 

manage information, which include computers, 

internet, broadcasting technologies ( radio and 

television) and telephony. 

 

Ávila Díaz (2013: 222) defines ICT as 

“the set of tools, supports and channels 

developed and supported by technologies 

(telecommunications, information technology, 

programs, computers and internet) that allow the 

acquisition, production, storage, treatment, 

communication, registration and presentation of 

information, in the form of voice, images and 

data, contained in signals of an acoustic, optical 

or electromagnetic nature in order to improve the 

quality of life of people ”. 

 

The United Nations Development 

Program (UNDP, 2006: 56, cited in Orijuela, 

2010: 114) defines ICT as “the set of 

technologies that allow the acquisition, 

production, storage, treatment, communication, 

registration and presentation of information 

contained in signals of an acoustic (sound), 

optical (images) or electromagnetic 

(alphanumeric data) nature, […] and as 

instruments and processes used to retrieve, store, 

organize, manage, produce, present and 

exchange information by electronic means and 

automatic ”. 

 

The above definitions reflect various 

aspects to be noted such as: the set of 

technological resources that incorporate tools 

with the purpose of establishing synchronous or 

asynchronous communication, storage and 

handling of information of different nature, as 

well as means for the transmission, 

representation and exchange of information. 

 

Such characteristics and due to their 

ubiquitous nature that crosses spatial and 

temporal boundaries, have made them an option 

to diversify educational modalities and access to 

educational resources practically 24 hours a day, 

7 days a week. 

 

The interconnection of computers, 

synchronous, asynchronous communication, as 

well as the emergence of technological resources 

from the web favor the emergence of virtual 

communities of various types, people with 

similar interests, who communicate and 

exchange information, the creation of 

multimedia and hypermedia content For 

educational purposes it is currently carried out at 

a faster speed due to the large number of 

software tools available. The impact of the use 

of these technological resources is of great 

importance when they are properly incorporated 

into the school curriculum.  

 

Cabero (2008) points out that ICTs enter 

the educational field with specific purposes 

aimed at strengthening the teaching and learning 

processes in issues associated with the creation 

of innovative contexts for academic training, 

expanding the information offer, creating 

environments flexible for learning, elimination 

of space-time barriers, increased educational 

modalities, enhancement of interactive 

environments, among others. 

 

In this regard, Tinio (2003: 9) states that 

when ICTs are used properly, especially 

computers and internet technologies create new 

forms of teaching and learning, rather than 

simply allowing teachers and students to do what 

they traditionally do, but in a better way. These 

new forms of teaching and learning are 

supported by constructivist theories and change 

from being a teacher-centered pedagogy to a 

learner-centered environment. Although ICTs 

offer the opportunity to develop communication 

channels between the various actors in the 

educational process, there are certain aspects to 

consider in the inclusion of ICTs in education, 

which represents the objective of this article. 

 

Developing 

 

ICTs are here to stay, so at this moment it is 

necessary that the question of analyzing the 

impact they have to raise a new question that 

prevails in educational institutions regarding 

how to use them to increase educational quality 

(UNESCO, 2013) disappears. So there must be a 

change of perception that ceases to be focused 

on the technical aspects of equipment and the 

introduction of computer programs in one that 

considers the development of ICT skills from a 

pedagogical and reflective dimension of what 

they can contribute in the knowledge creation 
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Although, at present there is a tendency 

to incorporate technologies in the realization of 

learning activities, without a thorough 

knowledge of the pedagogical contributions that 

support their presence, these activities become a 

way to automate what the teacher performs in 

their As a teacher, the reason for incorporation 

must be the result of continuous reflection, of a 

process through which experience is gradually 

gained and the visualization of ICTs not because 

of their own characteristics but because of what 

they can contribute to education. 

 

ICTs bring great benefits to education, 

but at the same time challenges that must be 

analyzed in the process of incorporating them in 

this area, gaps that are relevant to identify to act 

as a result of a more fruitful use. 

 

Gaps in the incorporation of ICT in education 

 

ICTs currently face challenges related to the 

various gaps, one of them being the generation 

gap between educators and students, teachers 

and students who in their academic training 

received and receive instruction differently. 

 

Similarly, the difference between these 

generations is related to the way they receive the 

information, the digital natives, the youngest, 

were born at a time when the Internet and the use 

of digital devices were part of the first devices 

with Those who had contact, but for that reason 

it cannot be assumed that they have all the 

appropriate knowledge to successfully enter 

ICT-mediated education. 

 

The above reflects to some extent the 

importance of digital literacy, which according 

to Voogt et al. (2011, cited in UNESCO, 2013) 

“describes the basic skills related to ICTs that 

every person must manage to not be / be socially 

excluded. At the same time, by extension, it 

provides a base from which it is possible to 

develop new skills and competencies, through 

the options and innovations that allow access to 

ICTs. To the classic skills related to reading, 

writing and mathematics, students must add 

skills that allow them to feel comfortable with 

collaboration, communication, problem solving, 

critical thinking, creativity and productivity, in 

addition of digital literacy and responsible 

citizenship”. 

 

 

 

It has been so much the advancement of 

technology in recent years, that the previous 

expression highlights that digital literacy is 

something that citizens must learn so as not to be 

isolated, to maintain a presence in today's world, 

which could become a learning process. life. 

But, digital literacy, being optimistic, is a 

learning that can be acquired. There are other 

aspects that are also important in the 

incorporation of ICT in education, one of them 

being related to digital gaps. 

  

The first digital divide also called the 

first-level digital divide or access gap became 

relevant in the late 1990s and studies on the use 

of technology highlighted the difference and risk 

created by technology between those who were 

digitally included and those who did not (Córica 

and Urías, 2017). Which is decreasing due to the 

cheaper that have had electronic devices causing 

currently more availability to acquire one of 

them with Internet access. 

 

The first digital divide and digital literacy 

provide the instrumental basis for evolving in the 

educational use of technologies in education, but 

now there is a need to analyze the type of content 

that is accessed, the above is framed in the call 

second digital divide. 

 

The second digital divide or second-

order digital divide is one that is presented not 

by access, but by the quality of the contents that 

are accessed causing cultural and intellectual 

differences in members of the same society 

(Córica y Urías, 2017; Sunkel, Trucco and 

Espejo, 2014). 

 

The second digital divide has important 

impacts on the development of people's 

intellectual abilities and their consequent action 

in the circumstances of life, on the creation of 

conditions for the achievement of the proposed 

life goals, the use of information with a judicious 

point of view that allows them to address the 

veracity of the information circulating on the 

Internet and other aspects broken down in table 

number 1.  
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Intellectually rich 

student 

Intellectually poor 

student 

He has knowledge of his 

past, his traditions. 

He doesn't know his past, 

his traditions. 

It motivates the 

interesting. 

It is motivated by fun. 

Focus value on 

excellence. 

Focus the value on the 

novelty. 

Validate the information 

you find on the Internet or 

it reaches you from social 

networks. 

It assumes as certain the 

information it finds on the 

Internet and forwards what 

comes from social 

networks without 

validating its veracity. 

Build new levels of 

information that 

transforms into 

applicable learning in 

your life project. 

Prioritize the amount of 

novel and anecdotal data. 

It sets goals and generates 

conditions for things to 

happen. 

Think that the time will 

come to worry about the 

future. 

The challenge is in the 

achievement. 

The challenge is in 

fighting boredom. 

 
Table 1 Comparison of intellectually rich and 

intellectually poor students 

Source: Own elaboration considering what Corica y Urias 

has stated (2017) 

 

The above table expresses important 

differences present in the effects of the second 

digital divide between intellectually rich and 

intellectually poor students, considerations that 

if not addressed could create a negative effect in 

several generations in the case of intellectually 

poor students, so it corresponds to educators to 

educate the apprentices about the importance of 

the quality of the content to which they have 

access, the development of a critical judgment of 

the information they receive online or through 

social networks, in a broad sense in an education 

digital that pursues positive ends, that has in 

mind the subject that you want to create in the 

digital age, an intellectually rich student. 

 

The use of ICT according to educational 

needs can be visualized from various levels, 

which reflect the desired use of them, that is to 

say, the realization of academic tasks that 

without them could not be carried out, move 

from a low operational level level, in which 

communication with students and the exchange 

of digital resources is established as a way to 

automate the activities that are carried out daily 

at a level of real appropriation of technology. 

 

 

 

 

Fernández Vallejo and McAnally (2015) 

point out that: “the appropriation of technology 

occurs when the individual is able to use any 

technological resource in any daily activity and 

in different contexts to which he associated his 

domain (Wertsch, 1998). In this regard, the 

author argues that one aspect that explains 

people's cognitive transformations is not 

precisely the acquisition of the tools themselves, 

but the set of practices that are developed around 

them, that is, the institutional framework in 

which they Acquire and use, in this sense, the 

impact of ICT is focused on the role they play as 

mediators in people's practices while using them, 

so that the result of the appropriation of 

technological tools, supposes the generation of a 

technological awareness in the individuals 

involved ”. 

 

As expressed in previous paragraphs, the 

incorporation of ICT in educational practices 

requires a process of reflection, in which various 

actors participate. A task that represents a 

challenge in the creation of educational materials 

and practices that in its design and construction 

consider not only the nature of a digital resource, 

but the purpose of its consideration, what 

pedagogical contribution it has in student 

learning. 

 

The progress in the appropriation of ICT 

implies a reflexive use that arises from the 

teacher, from the use of educational practices 

that promote meaningful learning, relating the 

new information with what they already have, 

involving permanent training (Valencia-Molina, 

et, al, 2016). 

 

ICT considerations in the classroom 

 

The World Summit on the Information Society 

(2003, cited in UNESCO, 2013) states that the 

accelerated progress of technologies provides 

great opportunities for development, considering 

their ability to reduce temporal and spatial 

spaces, facilitating the potential use of these 

technologies in benefit of millions of people 

worldwide. 

 

This ubiquitous nature of ICTs can be 

used for charitable purposes such as education 

and to support the development of training 

capacities of the human being. 
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From an educational point of view, the 

incorporation of ICT in the classroom modifies 

the roles of teachers and students, considering 

that students can acquire a greater level of 

responsibility and autonomy in their learning 

process causing the teacher to change their role 

of being the only source of information and 

knowledge (UNESCO, 2013). 

 

The figure of the teacher as the only 

source of information and knowledge is 

exceeded by the increasingly diverse 

communication channels through which students 

receive information on occasions before the 

teacher, is now about creating learning 

communities where everyone They contribute 

their knowledge from various perspectives. 

Therefore, the incorporation of ICT in the 

curricular field entails varied levels of 

consideration. 

 

Orijuela (2010) establishes certain 

considerations to keep in mind in the curricular 

integration of ICT, some of these are: 

  

- The educational institutions must 

generate spaces for the congruence of the 

curricular design, making explicit the intentions 

and the development of this with the plans of 

action pertinent to the contexts and the 

consideration of the means of evaluation 

between the planned and the realized, with the 

intention of visualize new and better ways of 

learning and teaching (p. 118). 

 

-  The integration must be established from 

its origin in the Institutional Educational Project 

(PEI), in which the will to combine technology, 

learning and teaching is visualized, in a 

productive experience that mobilizes students 

and teachers to change their paradigms and 

structures, so that there is an assimilation and 

accommodation in the ICT curriculum with the 

intention of truly becoming an educational 

innovation (p. 127). 

 

In the generation of learning 

communities in which each of its members can 

learn and develop their abilities and skills that 

will be useful in present and future challenges 

(UNESCO, 2013). 

 

 

 

 

 

-  The realization of a diagnosis in the 

educational institution where the process will be 

developed to identify the ICT integration needs 

of teachers, students, parents and managers, in 

addition to the levels of integration in which they 

meet the purpose to have relevant starting 

elements with the contexts and realities of the 

institution (p. 127). 

 

The curricular integration of ICT frames 

the participation of various actors, contexts and 

purposes to be considered in an adequate 

institutional integration, since the creation of the 

PEI, emphasizing that the importance of this 

aspect lies in the pedagogical considerations that 

teachers make of them at a higher level, which 

represents continuous training and a reflective 

process of the design and implementation of 

activities that would not be possible without the 

consideration of technologies. 

 

An Integration Plan 

 

Technology, learning and teaching are an 

indispensable triad to consider in the process of 

planning the integration of ICTs, which should 

be gradual, taking advantage of the experience 

of various actors, which through various plans 

can reduce the generational difference existing 

among the participants, to cite an example, the 

Godfather Plan, proposed by Prensky (2001, 

cited in Orijuela, 2010) in which the student 

advises the teacher on the use of tools and 

thereby facilitates the learning process 

generating a true curriculum integration and 

interaction between digital natives (students) 

and digital immigrants (teachers). 

 

The Godfather Plan offers multiple 

advantages over the experience of the teacher 

teaching the unit of learning or subject and the 

knowledge of the students in the management of 

technologies, so that a work binomial can be 

achieved, which considers the way in which that 

the students want the information and the 

development of learning activities to be 

presented, thereby shortening the need to train 

students in the management of technologies and 

the teacher's update on the advantages of them. 

 

The authors of this work consider that 

this action plan can be an initial aspect for the 

development of innovative academic activities 

that in their realization cause significant learning 

in the academic training of the apprentice. 
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As an example of incorporating ICT 

 

To cite, gamification, based on the use of video 

game design elements in non-game contexts to 

make a product, service or application more fun, 

attractive and innovative, that arouses people's 

enthusiasm (Deterding , 2011, cited in Ortiz-

Colón, Jordán, and Agredal, 2018). 

 

Gamification allows to maintain the 

interest and attention of the student in the 

development of academic activities. 

 

For example, one of the activities carried 

out in class is the presentation of topics with a 

high theoretical content, in which it is important 

that students identify the characteristics of 

certain elements, a lower level cognitive level, 

according to the Bloom scale , associated only to 

remember characteristics of certain concepts, 

methods, paradigms. In this case, the design of 

an activity in which the differentiating 

characteristics of each of them are identified in 

advance, a kind of comparative chart that allows 

us to express their distinction. In this example, a 

gamification tool called Kahoot was used, which 

is a software resource that allows you to create 

reagent banks with four response options, being 

only one of them true, it is designed online and 

students access from their cell phones to answer 

and rate the number of students who answered 

each of them, generating in the end the podium 

of the first three places. 

 

Prior to the presentation and discussion 

of the theoretical topic, the students had to study 

it and at the end of the exhibition they accessed 

the Kahoot with the key of the questionnaire, 

once all the participants were “connected”, the 

evaluation began, appearing one a join the 

questions with the respective answer options and 

with a descending counter indicating the time to 

provide the respective answer. 

 

Analyzing the above scenario, the 

advantage is that all students had an electronic 

device to perform the activity (BYOD, Bring 

Your Own Device), their Smartphone. 

 

Figure number 1 shows the participation 

of a student in the development of this activity. 

 

 
 
Figure 1 Alumna respondiendo el cuestionario en línea 

 

One of the advantages of this type of 

software tools is that it allows an immediate 

evaluation of the answers that students provide 

to the questions that are made, generating a final 

evaluation of each of the participants. Situation 

that, without the support of technology, can 

hardly be so immediate due to the number of 

students present in the classroom. As mentioned 

earlier, technological resources of this type 

allow the development of diverse activities, in 

this case those associated to remember the 

meaning of basic concepts were exemplified, but 

they provide the basis for addressing activities of 

a higher cognitive level. The development of this 

activity allows to keep the attention of the 

student in the question that is asked due to the 

short period of time he has to answer, paying 
attention to the possible answers that would be 

reflected in the qualification he will get in that 

activity and obtain a qualification to carry out 

other tasks, together with an individualized 

evaluation since each student answers the 

questionnaire with their own device.  

 

Other ICTs that can be incorporated in 

the development of academic activities are the 

educational software tools that incorporate 

lessons, solved and proposed examples, videos 

that consider various multimedia resources that 

stimulate the sensory aspects of the students, 

facilitating the subsequent memory of those 

exposed in the same. With the possibility of 

going back or stopping a video or playing it as 

many times as necessary until you consider that 

you have achieved your understanding, the 

videos are very adequate resources in the 

introduction of new subjects of study or to learn 

the handling of some equipment or product of 

software, something that can be complemented 

at other times with other resources such as digital 

books for further study. 
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The simulators that allow to develop and 

test knowledge, generating conditions in short 

periods of time; the design of situations, 

manipulation and control of variables that can 

hardly be done without them, due to the time or 

economic costs that it is necessary to assume. 

 

The software tools for the design of 

graphic organizers allow you to express through 

colors, shapes and figures what you want to 

convey, seeking in your creation the 

development of creativity, the identification of 

the most important concepts that are modeled, as 

well as the relationship and existing hierarchy 

between them. The ease of modifying them, of 

making approaches to express details of less 

relevance, the possibility of reproducing them as 

many times as necessary, as well as migrating 

them to other formats.  

 

As stated, there is a wide variety of 

accessible, easy-to-use technological resources 

that allow the visualization of technological 

resources from another perspective and can be 

integrated into the teaching task, some of which, 

without being so sophisticated, allow to attract 

the attention of students , creating conditions for 

the development of activities for their academic 

training, the development of creativity. The 

incorporation of ICT in educational activities is 

a continuous process of reflection that goes from 

basic stages to others of a higher level, 

considering that the important thing in this type 

of ICT-mediated activities is based on the 

pedagogical reasons for its use 

 

The integration of ICT in the teaching 

work is influenced by several aspects, which are 

related to the representation that teachers have of 

ICT, available ICT, the number of students, the 

intention of the teacher and the intention of the 

students, among others (Valencia-Molina, et, al, 

2016). 

 

Conclusions 

 

The ubiquitous nature of ICT places them in a 

viable option for the development of educational 

software, the diversification of forms of 

communication, the creation of learning 

communities and the management of multimedia 

and transmedia resources to generate 

instructional experiences that satisfy the 

achievement of the objectives set and generate 

significant learning in the student. 

 

In this sense, the role of teachers is 

essential, requires a process of preparation and 

continuous reflection to work towards 

overcoming the second-order digital divide 

(Córica y Urías, 2017; Sunkel, Trucco and 

Espejo, 2014) , in working aspects of awareness 

and comprehensive training, of developing a 

critical judgment in students in the review of the 

materials and resources found on the Internet, in 

teaching students to work in the procurement of 

scenarios that allow them to achieve the 

objectives that have been raised, in general, in 

transforming what Corica and Urías (2017) call 

the profile of an intellectually poor student to an 

intellectually rich one. In the creation of learning 

communities, in which he is no longer the only 

source of knowledge and information, all 

participants can support the learning of others: 

student to teacher, teacher to student, student to 

student and all providing educational materials 

that allow enriching community learning. 

 

It is not the most modern technology, nor 

the best equipped laboratory that will achieve a 

positive impact on the results of the 

consideration of ICT in education; The impact 

will be a reflection of the way in which teachers 

use them to create novel experiences, attractive 

to the student and that generate significant 

learning, of the pedagogical contributions that he 

discovers in them.  

 

For example, the use of software for the 

design of graphic organizers can have a positive 

impact on students' significant learning, if the 

instruction considers creativity for their 

development, the identification, relationship and 

hierarchy of the aspects immersed in the subject 

of study, which will allow them to develop their 

ability to discriminate what is important from 

what is not. 

 

The consideration of a group or virtual 

room that allows the creation of a learning 

community in which everyone learns from 

everyone, in which some ask at any time of the 

day and there is another that is "there" and 

answers, is not the teacher the only one who can 

handle the request; where due to its ability to 

store and transmit information material is shared 

that can be used to deepen the subject of study. 

 

There are software tools that are easy to 

access and learn, even those that require a more 

specialized study for the development of an 

application for pedagogical purposes.  
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The exposed in this article was carried 

out keeping in mind the need to know some of 

the aspects to consider in the inclusion of ICTs 

in education, as well as to emphasize the 

pedagogical nature they have, it is interesting to 

analyze the pedagogical contributions that ICTs 

have for increase the possibility of obtaining 

satisfactory results in the development of 

learning activities. 

 

The appropriation of ICT in teaching is 

done gradually, little by little, generating 

pedagogical experiences that are proven in 

context and in reality (Unesco, 2013).  
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