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				Abstract

				Introduction: Currently in universities worldwide, many efforts are being developed to reach a competency-based approach, for student learning, with the use of technology as a dynamizing and enhancing element of learning. With this project on the JeHe methodology, we want to contribute for students to achieve generic and specific competencies that will be of help for their professional development, thus evidencing a significant learning. Objective: To implement a Methodology for Competency-Based Learning of Mathematical Equations in Physics with the help of Technology in the Physics-Mathematics program. Method: 75 students, 6 teachers and 1 career coordinator, all from UNAN - Managua / CUR - Estelí, participated in the research. A mixed approach was considered, using theoretical, empirical and statistical methods. The research scenario was the implementation of JeHe’s Methodology for Competency-Based Learning, which provides theoretical bases and analyzes its effect on higher education. 

				Keywords: didactic conception; teaching-learning; technology. 

				Metodología para el aprendizaje por competencias de JeHe en física y matemáticas

				Resumen

				Introducción: El uso de la tecnología como un elemento dinamizador y potenciador del aprendizaje constituye uno de los tantos esfuerzos por parte de las universidades a nivel mundial para alcanzar un enfoque por competencias. Con este proyecto sobre la metodología JeHe se quiere aportar para que los estudiantes alcancen competencias genéricas y específicas que serán de ayuda para su desarrollo profesional, evidenciando así un aprendizaje significativo. Objetivo: Implementar una Metodología para el Aprendizaje por Competencias de Ecuaciones Matemáticas en Física con ayuda de Tecnología en la carrera de Física-Matemática. Método: En la investigación participaron 75 estudiantes, 6 maestros y 1 coordinadora de carrera, todos de la UNAN – Managua / CUR – Estelí. Se consideró un enfoque mixto, utilizando métodos teóricos, empíricos y estadísticos. El escenario de la investigación fue la implementación de la Metodología para el Aprendizaje por Competencias de JeHe, la cual proporciona bases teóricas y analiza su efecto en la educación superior.

				Palabras clave: concepción didáctica; enseñanza-aprendizaje; tecnología.
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				reproduction of the contents taught by teachers. Thus, there are insufficiencies of didactic character, with reproductive methods based on listening, reading, discussing, and tasks. This leads students to memorization, which is not congruent with what is established by the theory of meaningful learning (Ausubel & Novak, 1983). This theory emphasizes that students create their own learning with the mediation of teachers. Cejas et al. (2020) state the following:

				Although the existence of a great heterogenei-ty of higher education, science, technology, and innovation systems in the countries and among the regions point to strategic links for change, it is preferable that they constitute a starting point that represents a challenge for the process and that may become one of its most interesting potentialities. (p. 24).

				Research is relevant given that, at the international level, the aim is to encourage students to acquire basic and specific competencies that will enable them to enter the labor market promptly and safely. The purpose of this is to improve pedagogical practice and for students to strengthen their knowledge with a view to meaningful learning through a competency-based curriculum. There are some studies on competency-based learning as strategies by Mejía et al. (2023) as well as the use of technology proposed by García-Lázaro and Martín Nieto (2023).

				The aforementioned is part of the main basis of this research work, which seeks a way to bring together the triad of mathematics, physics, and technology through methodologies that promote didactic transposition and, therefore, facilitate relevant learning in students (Castrillo, 2023).

				Based on experience, the facilitation of subjects, and now physics and mathematics components, the need has been identified to design a methodology that allows students to be involved in the process, given that the teaching modality favors having independent study hours at the time they deem appropriate (Arróliga & Castrillo, 2023). It should be noted that the application of varied methodologies by the teacher allows the creation of physical and virtual learning environments which are harmonious for the students. 

			

		

		
			
				Introduction

				In education, the teaching of physics and mathematics has undergone a remarkable change over time. These disciplines, previously considered abstract and theoretical, have adopted more dynamic methods that seek not only to transmit knowledge, but also to foster essential competencies in students. This change responds to the need to train individuals who understand concepts and are able to apply them in practical and varied situations.

				Competency-based learning is a valuable tool in this context. Unlike traditional approaches, which focus on memorization, this model prioritizes the development of skills such as critical thinking, problem solving, and teamwork. Students who learn in this way not only gain technical knowledge but also acquire the ability to adapt to new circumstances and apply what they learn in real contexts, which is essential in a constantly evolving world.

				In addition, the increasing complexity of global issues requires that new generations be prepared to face challenges beyond the academic realm. From climate change to pandemics, it is essential that students have the necessary tools to analyze, understand, and propose solutions to complex problems. In this sense, educational research and innovation in teaching methods are key to developing students’ ability to think critically and creatively. As Herrera (2022) states:

				Nowadays, the world is changing at an acce-lerated pace where scientific, methodological, and technological advances are keeping up thanks to research processes. These have made humanity overcome great and unimaginable challenges, many caused by pandemics and natural disasters (hurricanes, earthquakes, among others). Hence, research allows us to approach reality in order to better understand it and provide optimal solutions. This leads to the stimulation of critical thinking, creativity, innovation, and curiosity about how to deal with the problems encountered (p. 36).

				The predominance of traditional actions in the subjects of mathematics and physics is reduced to learning based solely on the mechanical 
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				improving higher education. When estimating the usefulness of the study, a high methodological value stands out since it reflects, in a logical and integrated order, the necessary steps to implement a proposal that is useful to all existing models. 

				In this opportunity, mathematical equations are taken as a starting point, but the intention is that the proposed methodology can be adapted to any equation in engineering, education, economic sciences, health sciences, among others (Herrera, 2022) by working generically from a statement, historical fact, graphic design, or operation so that the proposed methodology can be applied. 

				In universities, the use of Information and Communication Technologies (ICTs) in mathematics is a real challenge from the point of view of the teaching process in the exact sciences. The scientific novelty lies in the application of already existing software and the development of some other in a coherent way as didactic aids for the teaching-learning process in physics and mathematics subjects (Muñoz & Castrillo, 2023). By incorporating computational tools, students feel motivated and achieve better results, since, as mentioned above, they are digital natives. 

				This research is feasible due to the availability of human resources, institutional support, and willingness on the part of everyone involved. The assertive participation of the students in the decision making process also stands out, contributing to the acquisition of lifelong learning.

				JeHe’s Methodology for Competency Based Learning

				A methodology for competency-based learning is a proposal aimed at establishing a path that facilitates the process of assimilation of learning in the most creative way possible in terms of relevant training and practical usefulness for students. This methodology is made up of elements that are concatenated to form an indissoluble unit and that are aimed at producing significant learning. This will be possible with the implementation of a methodology that responds to the learning needs not only in physics and mathematics, but also of any science (Herrera-Castrillo, 2023).

				It is important to point out that the information provided by professors, students, and university 

			

		

		
			
				Likewise, a methodology for the competency-based learning of mathematical equations applied in physics using technology is proposed, which can be applied in any public or private university. However, for the purposes of this study, it was carried out in the Physics Mathematics program of the Multidisciplinary Regional School of Estelí, UNAN Managua. It is important to mention that the proposal has a specific version for physics and mathematics and a generic version to be applied in any university program. 

				In university education and, in particular, in programs related to the natural, technical, and exact sciences, the contents of physics and mathematics are of increasing interest. This is due to the fact that, for the graduates of these programs, the ability to identify and understand real problems is essential in their training. The professional profile of most of these graduates is to share and transmit knowledge. This ensures that professionals trained for this purpose can develop a quality teaching learning process, thus fulfilling one of society’s primary needs.

				With the design of the methodology for competency based learning of mathematical equations applied to physics, both professors and students are guaranteed tools that facilitate learning in a meaningful way, either in face-to-face sessions or in the hours of independent study that must be completed during the semester. This allows other subjects or components to be covered with similar strategies so that professors can contribute as learning facilitators.

				The transcendence of this research is related to the contribution in the elaboration of a new methodology that allows the acquisition of knowledge and, at the same time, encourages the motivation and generation of interest in learning mathematics and physics. Regarding the methodological aspect, the proposal will be available for students and professors who wish to use it for the continuous improvement of the teaching learning process. 

				It should be noted that this research will be useful for other studies to be carried out in the future and to begin to see this connection between subjects so that working on a competency-based curriculum will be an opportunity to continue 
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				the exclusive behavioral conception of the objectives.

				Possibility of evaluation, which refers to to the application of immediate and objective tests (p. 5).

				For his part, Murillo (2018) points out that the pedagogical experience “is a coming and going of facts and events that occur inside and outside the classroom, from which the teacher learns in order to then appropriate them and get to generate educational and social change” (para. 11).

				Action in the face of concrete and complex situations of professional life leads to experiences that produces a greater understanding of things experienced, thought, reflected upon, and contrasted. Therefore, starting from a diagnosis allows the development of competencies in the student, regardless of the curriculum, subject, or component. 

				“Pedagogical reflection is a metacompetence that would integrate diverse personal resources, such as cognitive, metacognitive, and emotional” (Correa et al., 2014, as cited in Lara, 2018, p. 103). To activate these resources, the existence of a situation that generates uncertainty or that could not be solved and that emerged from the experience of this metacompetence is necessary.

				 

				Sequence of Actions

				A sequence is a series of elements that follow one another and are related to each other. This relationship is the essential part of understanding sequences: One must know what conditions an element must fulfill to be part of a sequence.

				The logical sequence starts with the new information to be imparted to the students up to the evaluation of fundamental skills for the labor market. This process is based on the realization of multidisciplinary work, where constant creation is the central axis.

				New information is that which the students must learn and which is essential for their professional development. This information facilitates the acquisition of specific and generic competencies in any area of knowledge. 

				When applying a teaching method, it is neces-sary to keep in mind the logical operations that predominate at each stage of the teaching-lear-

			

		

		
			
				authorities to whom instruments were applied in this research work, as well as the documentary review, were valuable inputs that contributed to the construction of this methodology for competency-based learning, which reflects the rich experience that this work has meant.

				It is our hope that this methodology will be a reference and support for professors of all disciplines, helping them to recognize that competency-based learning is vital for the employability of students, in addition to fostering interest, curiosity, passion for learning, and labor market readiness. 

				 

				Elements of the Competency-Based Learning Methodology

				This methodology is based on the three pillars: learning to know, learning to be, and learning to do. These concepts refer to professional training under the competency approach. Competencies are dynamic combinations of personal resources, complex systems of understanding and action that include learning to know; learning to be; learning to do; and wanting to think, be, and do.

				According to Cejas et al. (2019): 

				The three skills refer to the results expected from the training actions which derive direct-ly and immediately from them. Although the literature regarding the objectives of training is extensive, three basic domains are presen-ted for a better understanding of its objectives, which identify the cognitive, affective, and psy-chomotor domains. These are closely related, in accordance with the specialists cited above, determining the following factors: knowledge (learning); competencies (learning to do); atti-tudes (personal commitment). (pp. 4-5)

				Likewise, for Cejas, et al. (2019): 

				The combination of these types of knowledge guarantees the results of training, taking into account for this purpose the criteria towards the achievement of the formative actions among which the following stand out:

				Importance, which refers to the objectives to be achieved and the efforts to be invested in achieving them.

				Clarity, which refers to the clarity of formulation, which should not be linked to 
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				in the teaching practice for the evaluation of competencies.

				Evaluation in competency-based education re-quires the teacher to determine students’ per-formance level; however, competencies are not observable by themselves, so it is necessary to infer them through specific actions that must be previously operationalized. (Morales et al., 2019, p. 48)

				At all times, the methodology for competence based learning admits the use of technology, which is currently very helpful in the teaching-learning processes. Today, it is recognized that education is a social phenomenon arising from the long process of human development, influenced in its history by events derived from the development of science and technology. It happened with the alphabet, the printing press, the telegraph, television, audiovisual media, computers and the Internet, fruits of science and technology that have transformed and continue to transform the methods and means of teaching. In this regard, since the 19th century, José Martí warned of the need for education to bring mankind up to the level of their time. Therefore, the university cannot ignore the development of information and communication technologies (ICTs): it is obliged to use their advances to be efficient in the training of the 21st century professional (Gallar et al., 2015, p. 156). 

				According to the perspective of this work, it is proposed to implement the following technological resources: in terms of devices, cell phones, tablets, and personal computers—both desktop and laptop, and in terms of applications or software, simulators and mathematical assistants to facilitate classroom processes. 

				The implementation of this competency-based learning methodology must be done with creativity and with the pedagogical balance that guarantees its correct implementation. 

			

		

		
			
				ning process and to prioritize those that facili-tate the independent and creative activity of the students. These methods are very varied, as there are several classification criteria. This paper briefly explains the fundamental aspects of teaching methods, highlighting their con-cept and classification, as well as their applica-tion in the different stages of learning. Among the most widespread classifications, those referring to the degree of participation of the subjects, the level of assimilation of the tea-ching contents, and the problematic methods are summarized. Finally, the stages of the tea-ching-learning process are explained, and the teaching methods applied in each of them are specified (Rosell & Paneque, 2009, p. 76).

				Current studies reinforce the idea of the boom that interdisciplinary approaches are having in the teaching learning process and, although there are difficulties in their implementation, results are being obtained that favor professional training (Llano et al., 2016, p. 324).

				For his part, Tamayo (2011) emphasizes that “the prefix inter- (between) indicates that between disciplines a relationship is to be established, leading to a study of the levels of interdisciplinarity.” (p. 5)

				In the consolidation part, we review what has been worked on, determine if there is a need for improvement for feedback on a topic that enables the success of the evaluation and acquisition of the necessary competencies. 

				Once the methodology has been carried out, it is necessary to evaluate it through different instruments and to really see the acquisition or increase in competencies. For Morales et al. (2019) “educational models with a focus on competencies should seek to organize teaching in such a way that students develop their abilities to solve real problems” (p. 48).

				It also reports on the needs and difficulties 

			

		

		
			
				
					Figure 1

					Logical Sequence of the Proposal
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				It is a methodology that cannot be applied mechanically; on the contrary, its application must be comprehensive and include all the key elements that constitute this methodology. This can only be achieved through a horizontal teacher-student relationship and the praxis of teaching-learning, where the student is the active subject of education (Herrera, 2022).

				The methodology for competency-based learning has taken ICTs as its axis, which become useful learning resources to achieve quality and relevant learning in students (Herrera-Castrillo, 2023). Educators must take control of this methodology and apply it, taking into account their experience, as well as the challenges that currently demand new innovative strategies in the field of teaching. This is crucial for education to achieve the goal of comprehensive training and providing meaningful learning to individuals, preparing them to face the current demands in all activities in various work settings. The application of mathematical equations applied to physics represents a challenging task for both professors and students. 

				The chart below summarizes the competency-based learning methodology described above.

			

		

		
			
				Method

				Design

				The research approach is mixed, as emphasis has been placed on the description of the educational setting, and data were collected from both professors and students. The research combines quantitative and qualitative approaches since it includes surveys and numerical data analysis of students and professors in the study area. 

				In this regard, Hernandez and Mendoza (2018) argue the following:

				Mixed methods can be implemented according to different sequences, sometimes the quanti-tative precedes the qualitative, sometimes the qualitative comes first; they can also be conduc-ted simultaneously or in parallel, and it is even possible to merge them from the beginning and throughout the research process. (p. 10).

				The mixed method encompasses all the necessary aspects of research. Using this combination implies not only employing different methodological approaches but also integrating qualitative and quantitative analysis in data collection.

				The design of this study is parallel, a specific 

			

		

		
			
				
					Figure 2

					Methodology for Competency-Based Learning
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				Availability and willingness to participate: Students must be available and willing to participate in the research in order to be part of the sample.

				In the case of the expert section, the director of the Department of Educational Sciences and the coordinator of the Physics-Mathematics program were taken into account.

				Quantitative Sampling 

				Probability sampling is a sample selection method in which all elements of the population have a known and distinct probability of being selected to be part of the sample. In this approach, each unit of the population has the opportunity to be chosen, and the selection is based on random principles (Hernández & Mendoza, 2018).

				Simple random sampling: In this approach, each member of the population of 18 professors has the same probability of being selected. A random number table was used to randomly select the 6 professors. 

				Instruments

				For Gil (2016), “information collection techniques encompass all the technical means used to record observations or facilitate processing” (p. 12). Techniques are means that the researcher uses to facilitate the processing of the data of each research. In the case of this study, the techniques and instruments used for data collection were documentary analysis, consultation of various bibliographic sources, observation, interview, focus group and survey.

				Documentary Analysis 

				The concept of documentary analysis has been covered by many authors and has evolved at the 

			

		

		
			
				approach within mixed studies in which quantitative and qualitative data collection and analysis are carried out independently and simultaneously, and the results are integrated at a later stage.

				Participants

				The population in this research consisted of 214 students (97 females and 117 males) of the Physics-Mathematics program at CUR-Esteli and 18 professors (9 females and 9 males) who teach different subjects and components of that program. The sample consisted of 75 students, 6 professors and 1 program coordinator (Herrera, 2019). 

				Qualitative Sampling 

				In the qualitative part, non-probabilistic sampling was used to determine the sample of students. According to Cabezas et al. (2018), this type of sampling “is simply done for reasons of convenience, that is, the probability that the elements of the population have to integrate the sample is unknown” (p. 100). Given that the researcher works in the context of the study, convenience sampling was chosen. According to Arias (2012), this type of sampling “is a procedure where the researcher arbitrarily chooses the individuals in the sample considering the easiest circumstances, without a pre-established judgment or criterion” (p. 85). The sample of students is detailed in Table 1.

				Selection Criteria 

				Active students: Students who are currently enrolled and active in the Physics-Mathematics program at the time of the study:

				Academic performance: Students of different levels of academic performance were selected.

			

		

		
			
				Table 1. 

				Research Study Sample 

				
					Year

				

				
					Male

				

				
					Female

				

				
					Total

				

				
					1st year Physics-Mathematics 

				

				
					3

				

				
					3

				

				
					6

				

				
					2nd year Physics-Mathematics 

				

				
					10

				

				
					5

				

				
					15

				

				
					3rd year Physics-Mathematics

				

				
					11

				

				
					8

				

				
					19

				

				
					4th year Physics-Mathematics

				

				
					9

				

				
					8

				

				
					17

				

				
					5th year Physics-Mathematics

				

				
					9

				

				
					9

				

				
					18

				

				
					Total

				

				
					42

				

				
					33

				

				
					75
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				considers that documentary analysis should be considered exclusively as a description of the content and not as a formal description (Clauso, 1993, p. 11).

				The registration forms used were the following: 

				 

			

		

		
			
				same pace as documentation. It can be stated that there are two tendencies regarding its conception: one that considers that documentary analysis comprises several phases—bibliographic description being one of them, and another that 

			

		

		
			
				Figure 3

				Registration Form for Documentary Analysis

				
					Application Information

					Name of the Educational Institution (EI): ____________________________________

					Date of application: ____ / ____ / ____

					EI documents reviewed::

					
						Documents

					

					
						Available

					

					
						Reviewed

					

					
						Yes

					

					
						No

					

					
						Yes

					

					
						No

					

					
						Educational model

					

					
						Semiannual schedule 

					

					
						Curricular programs (Programs)

					

				

			

		

		
			
				Educational model 

				Mark with an X over the “Yes” or “No” box as appropriate. Answer in all alternatives

			

		

		
			
				
					Yes

				

				
					No

				

				
					Contextual location 

				

				
					Guidelines for questioning what is being learned 

				

				
					Collaborative learning 

				

				
					Case Study

				

				
					Project-based learning

				

				
					Problem-based learning 

				

				
					Conference
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					Field work 

				

				
					Self-reflective observation

				

				
					Other 

				

				
					Semiannual programming

				

				
					Yes

				

				
					No

				

				
					Relates theory to practice

				

				
					Generic and specific competencies are related 

				

				
					The integrating objective is related to the component 

				

				
					Work

				

				
					In teams

				

				
					Independent

				

				
					Laboratory practices

				

				
					Use of technological resources 

				

				
					Small group discussion

				

				
					Development of critical thinking

				

				
					Other. Specify

				

				
					Integrative strategies 

				

				
					Yes

				

				
					No

				

				
					Participative presentation

				

				
					Brainstorming with cards 

				

				
					Mind maps

				

				
					Significance exercises

				

				
					Graph construction

				

				
					Guidelines for questioning what is being learned

				

				
					Problem-based learning

				

				
					Evaluation 

				

				
					Formative 

				

				
					Processes 
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					Curricular programs

				

				
					Yes

				

				
					No

				

				
					Characterization of the profession

				

				
					Object of study of the profession

				

				
					Fields of action

				

				
					Competencies: Generic and specific 

				

				
					Integrating objectives

				

				
					Cross-cutting objectives

				

				
					Axes 

				

				
					Components 

				

				
					Skills to develop

				

			

		

		
			
				Figure 4

				Observation Guide

			

		

		
			
				
					Evaluation and review

				

				
					1-Needs 

					improvement

				

				
					2-Acceptable

				

				
					3-Good

				

				
					4-Excellent

				

				
					Evaluation of 

					methods and means

				

				
					Effectiveness of the methodologies used

				

				
					Effectiveness of means and materials

				

				
					Student motivation

				

				
					Achievement of the knowledge competence

				

				
					Achievement of the learning to do competence

				

				
					Achievement of the learning to be competence

				

				
					Review of teaching

				

				
					Did the class go as planned?

				

				
					Are you satisfied with the means and materials used?

				

				
					How did the student respond to the teaching strategy?

				

				
					How did the student respond to the use of media and materials during the lesson?

				

				
					What was the student’s attitude during the lesson?

				

				
					Final reflection on the process
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				Observation 

				Observation consists of the systematic, valid, and reliable recording of the behavior manifested. It can be used as a measuring instrument in many different circumstances (Behar, 2008, p. 68). See Figure 4. 

				Focus group 

				The focus group technique is a tool used in qualitative research that requires the researcher’s 

			

		

		
			
				theoretical input on its use to plan and achieve the objectives of a research work (Buss et al., 2013, p. 78).

				In the focus group, informed consent was explained to the participants, and the purpose of the technological development and the objectives of the study were detailed. At all times, in the application of the different instruments, the consent of the key information provider was obtained. The entire process was carried out as established in the activity plan.

			

		

		
			
				
					Focus Group Dimensions 

				

				
					Indicators or Items

				

				
					1. General information

				

				
					1.1 Date 

					1.2 Location 

					1.3 Name of moderator

					1.4 Participants

				

				
					2. Implementation

				

				
					The purpose of this focus group is to collect information related to the teaching learning process of the Physics and Mathematics subjects.

					The data provided are of great importance for this research and will be treated solely for academic purposes.

					2.1 The methodologies used by professors when teaching physics contents in which aspects of calculus are applied allow for an easier understanding of the contents addressed in class. Explain.

					2.2 Mention the main methodological strategies used by professors in class when teaching physics contents in which mathematical methods or models must be used. 

					2.3 Mention the main didactic resources used by professors in the classroom when teaching physics contents in which mathematical models are used. 

					2.4 How do you guide, control, and evaluate teamwork when instructed in the Physics and Calculus subjects or components?

					2.5 Mention the main difficulties encountered in the assimilation of physics and calculus contents. 

					2.6 Mention the ICT resources used by the physics professors to teach mathematical calculations or experiment simulations.

					2.7 What recommendations would you give to professors who teach subjects or components of physics and ordinary differential equations in order to improve the quality of the teaching-learning process and increase academic performance?

				

			

		

		
			
				Table 2

				Focus Group
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				instrument was applied to the director of the Department of Educational Sciences and the coordinator of the Mathematics-Physics program.

			

		

		
			
				The Interview 

				The interview is a situation of interrelation or dialogue between people—the interviewer and the interviewee (Tamayo & Silva, 2012, p. 5). This 

			

		

		
			
				Table 3

				Interview Applied to Authorities

				
					Dimensions of the Interview/Section 

				

				
					Indicators or Items

				

				
					1. General Information

				

				
					1.1 Academic level 

					 •	Licensure 

					 •	Master’s degree 

					 •	PhD 

					 •	Postdoctoral degree 

					1.1 Subjects taught:

					 •	Physics 

					 •	Mathematics 

					 •	Both 

				

				
					2. Implementation

				

				
					2.1 What IT methodologies do you use in your pedagogical practice? Explain. 

					2.2 What aspects do you take into account when using a certain methodology?

					2.3 What are the main difficulties you face when teaching the physics or mathematics subject or component as related to the methodologies you apply? What do you propose to improve?

					2.4 What is your opinion regarding the competency-based approach in the training of Mathematics-Physics students?

					2.5 Have you worked in a linked manner with other subjects or components? Explain. 

					2.6 What ICT resources have you used when teaching topics or components of physics or mathematics?

					2.7 How would you rate your mastery of the following content:

					 • Educational software

					 • Simulators 

					 • Mobile applications 

					 • Mathematical assistants

					2.8	What do you consider to be the advantages and disadvantages of using educational software in the physics or mathematics class?

					2.9	Are you satisfied with the way you conduct the teaching learning process of physics or mathematics content? Explain.
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				dimensions and sections that collect information about the participants and their experience in the academic setting. Specific items for each section are summarized below:

				General information: This section collects demographic information and participant 

			

		

		
			
				Questionnaire 

				This data collection technique allows us to establish contact with the observation units through previously established questionnaires (Tamayo & Silva, 2012, p. 4). The design of the semi-structured questionnaire consists of several 

			

		

		
			
				Table 4

				Interview Applied to Professors

				
					Dimensions of the Interview/Section 

				

				
					Indicators or Items

				

				
					1. General information

				

				
					1.1 Academic level 

					 •	Licensure 

					 •	Master’s degree 

					 •	PhD 

					 •	Postdoctoral degree

					1.2 Position 

					 •	Department director 

					 •	Program coordinator 

				

				
					2. Implementation

				

				
					2.1 What is your opinion regarding the professor’s use of different methodologies to teach their classes?

					2.2 What are the methodologies most frequently used by professors to teach calculus and physics topics?

					2.3 What are the difficulties encountered in learning the contents with the use of computer technologies?

					2.4 What is your opinion regarding the competency-based approach in the training of mathematical physics students?

					2.5 Do you consider that in the Mathematics-Physics program there is effective interdisciplinarity between subjects or components? Explain.

					2.6 What technological resources do professors use when teaching subjects or components related to physics applications?

					2.7 How do you rate the computer preparedness of professors in terms of:

					 • their preparation to use technological resources; 

					 • the use of software, simulators, or applications 

					 in the resolution of physical and mathematical 

					 problems. 

					2.8 How do you rate the performance of Physics Mathematics professors? Explain.
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				purpose for which they have been designed as a measuring instrument. A well designed instrument must have two qualities: reliability and validity.

				Hernández et al. (2014) state the following: Reliability refers to the instrument’s ability to yield data or measurements that correspond to the reality that is intended to be known, that is, the accuracy of the measurement, as well as the consistency or stability of the measure-ment at different times. The greater the relia-bility of an instrument, the lesser the number of errors present in the scores obtained. The reliability of a measurement instrument refers to the degree to which an instrument produ-ces consistent and coherent results (p. 204).

				The validity and reliability of the proposed study was confirmed by the opinion and analysis of experts in the field who determined whether the instrument developed was designed with the pertinent scientific rigor to obtain adequate results for the research objectives. The adjustments suggested by experts and the pilot studies to the instruments were fundamental for their improvements.

				The validity of a research work is obtained through the opinions or judgments of experts. This ensures that the dimensions measured by the instrument are representative of the universe. Because of this, the instruments for data collection were validated by university professors with PhDs at the national level whose criteria were obtained independently. See Figure 5.

				These experts were asked to issue opinions on:

				the relationship between the instruments and the research objectives;

				whether the instruments are drafted in a clear, precise, and concise manner; and

				whether the number and location of items is adequate, important and pertinent.

				Data Processing and Analysis

				For Bantu Group (2020), data processing and analysis consists of six stages, which are detailed in the following table: 

			

		

		
			
				characteristics. Specific items include year of enrollment in the curriculum (divided into two options: 2021 and 2016), age (divided into two ranges: 18 to 30 and over 30), gender (options: female and male), and current year of study (options: first, second, third, fourth, and fifth).

				Academic information: This section collects information about the participants’ academic background. The specific item includes a list of subjects or components they have taken, where participants must check the appropriate options.

				Development of emotional competencies (EI): In this section, we inquire about the frequency with which students evaluate their behavior in terms of emotional competencies during physics or mathematics classes. Two specific items are presented: one related to emotions in calculus classes and the other related to emotions in physics classes. Participants must indicate on a scale of 1 to 4 the frequency of each emotion.

				Assessment of the mathematics and physics class: This section evaluates the teaching-learning process in mathematics and physics through seven specific items. Participants should mark with an “X” the answer they consider most appropriate for each item, covering aspects such as the importance of the content addressed, the understanding of the content, the assessment of the methodology used by professors and the orientation to teamwork.

				Mathematical aspects in the classroom process: This section presents a series of statements related to mathematical aspects in the teaching-learning process. Participants should mark with an “X” their degree of agreement or disagreement on a scale of 1 to 4 for each statement.

				Aspect of technology use: This section explores aspects of technology use in the teaching-learning process. Participants should mark with an “X” their degree of agreement or disagreement on a scale of 1 to 4 for each statement. An additional item asking whether professors make use of various teaching resources is also included, and participants can mark more than one option from a list provided.

				The design of instruments for data collection requires analysis in accordance with the 
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					Figure 5

					Process for Requesting Expert Judgment
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						Guests	 Invitation via e-mail

							8 experts

					

				

				
					
						They responded Four experts agreed to validate the instruments

							Instruments were sent via email

					

				

				
					
						Validation 4 expertos dieron su valoración

							Fueron 3 doctores en matemáticas aplicada y una 

							doctora en Educaión e intervención social

					

				

				
					
						Expert validation
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						2

					

				

				
					
						3

					

				

			

		

		
			
				Table 5

				Stages of Data Processing and Analysis

				
					Stage

				

				
					Definition

				

				
					Data collection

				

				
					Data processing and analysis starts by collecting data from storage sources that are available and contain quality information. Therefore, they must be in optimal conditions and updated.

				

				
					Data preparation

				

				
					At this point begins the preparation for its organization, the detection of errors, and the discarding of repetitive and incomplete information. This is followed by the selection of the necessary and specific information that will be used for data processing and analysis.

				

				
					Data entry

				

				
					The already selected data are now sent to their corresponding destinations, translated into an understandable language.

					From here, the raw data begins to take shape as useful information, which can be visualized.

				

				
					Data processing / refinement

				

				
					In this stage, the data processed in the previous stage are finally prepared and optimized for their final use. This occurs through algorithms by means of a programming technique called machine learning. 1

				

				
					Data interpretation

				

				
					It is at this point that you will finally have all the results of the previous stages in a totally understandable way using graphs, tables, among other elements. 

				

				
					Data storage

				

				
					Finally, the last stage of this process is the storage of all the useful information resulting from data processing and analysis.

				

				Note: These steps will be used in this study for data processing and analysis. 

				
					
						1 Machine learning is a method of data analysis that automates the construction of analytical models. It is a branch of artificial intelligence based on the idea that systems can learn from data, identify patterns, and make decisions.
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				Microsoft Word 2021

				Drafting of the document

			

		

		
			
				Microsoft Excel 2021

				Preparation of graphs (data obtained from surveys)

			

		

		
			
				Figure 6

				Programs for Information Processing
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					Figure 7

					Instrument Construction Sequence
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					Elaboration 

					of instruments

					 for data collection

				

			

			
				
					Pilot studies with the

					 instrument on 

					participants who are not part of the sample

				

			

			
				
					Submission 

					to specialists and 

					experts for review

				

			

			
				
					Improvement of 

					instruments based on the results from the pilot study

				

			

			
				
					Incorporation of the 

					recommendations made by experts

				

			

			
				
					Final instruments 

					ready to be applied 

					to the sample
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				Ethical Considerations 

				In conducting this research on JeHe’s competency based learning methodology in physics and mathematics, ethical considerations were critical to ensure integrity and respect for the participants and the information collected. Important ethical considerations included informed consent, confidentiality, cultural respect, benefit and no harm, transparency in publication, and ethics in data collection.

				Results

				To contrast the information obtained, triangulation is used, a powerful comparison procedure that allows researchers to validate 

			

		

		
			
				the credibility of their findings. This technique involves cross-referencing different sources of data: people, instruments, files, or a combination of these. University students resort to the triangulation of methods not only as a response to changes in the environment, but also as a result of an epistemological reflection that takes place in the sciences in general (Carvajal et al., 2023).

				At the beginning of the process of applying the instruments, the participants in the study—both professors and students in the groups—were informed of the purpose of the research. It was explained to them that the information collected would be used exclusively for the purpose of the research and would not have any evaluative character for higher authorities.
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					Table 6

					Opinions on the Competency-Based Approach 

					
						What is your opinion regarding the competency-based approach in the training 

						of Physics-Mathematics students?

					

					
						Professor 1

					

					
						Professor 2

					

					
						Professor 3

					

					
						Professor 4

					

					
						Professor 5

					

					
						Professor 6

					

					
						They are very helpful because they involve each of the components and add something to the overall growth of the students

					

					
						It is the ideal approach for training professionals who will transmit knowledge in the classroom

					

					
						I very much agree with this approach, since it allows us to prepare our students with elementary competencies to perform in the future, with scientific thinking, but above all, it’s centered around the human being, with higher order values.

					

					
						It is excellent; it produces significant learning in students. It allows students to enter the labor market in their field.

					

					
						It allows tracking the competencies established in the students, identifying which ones need to be reinforced in order for them to achieve them.

					

					
						It is an interesting approach, however, the requirements of the approach are very flexible

					

					Note. Professors’ opinions on the competency-based approach. 

				

			

			
				
					
						
							Figure 8

							Strategies Used by Professors 

						

					

					
						
							
								Note. Strategies most used by Physics-Mathematics professors according to their didactic plan. 
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						From the results, the strategies most used by professors stand out: 

					

				

			

		

	
		
			[image: ]
		

		
			
				JeHe’s competence-based learning methodology in physics and mathematics

			

		

		
			[image: ]
		

		
			
				Revista Digital de Investigación en Docencia Universitaria 2025, 19(1)

			

		

		
			
				18

			

		

		
			
				Table 7

				Computer Methodologies 

				
					Computer-Based Methodologies Used in Pedagogical Practice

				

				
					Professor 1

				

				
					Professor 2

				

				
					Professor 3

				

				
					Professor 4

				

				
					Professor 5

				

				
					Professor 6

				

				
					Content related applications for solving exercises, programs for representations from the physics area.

				

				
					Social media, educational platforms, mathematical software.

				

				
					Yes, classes have been taught using computer tools such as WhatsApp, data show, computers, among others.

				

				
					Simulators, 

					Canva, Google 

					Forms.

				

				
					The use of YouTube to watch videos and analyze them as preparation for

					or reinforcement of more difficult contents.

				

				
					Use of Apps, media, audio visual tools, links, platforms, YouTube. Rooms.

				

				Note. Computer methodologies used by professors in their pedagogical practice.

			

		

		
			
				
					Figure 9

					Important Aspects of Observation 
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					Use of computer lab

				

			

			
				
					Experimental work

				

			

			
				
					Explanation of demonstrations

				

			

			
				
					Math presentations

				

			

			
				
					Group work

				

			

			
				
					Physics presentations
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				Regarding the computer methodologies used by professors, they highlighted the following: 

			

		

		
			
				
					Note: Students’ opinions from the focus groups regarding their difficulties in Physics. 

				

			

			
				
					Figure 10

					Difficulties in Learning Physics
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					Complex 

					subjects

				

			

			
				
					Little use 

					of technology 

				

			

			
				
					Little 

					motivation
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					classes

				

			

			
				
					Few physics 

					specialists
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				Discussion

				The six professors participating in this study use learning strategies or activities that involve the use of concrete and manipulable material. None of them makes reference to the use of laboratories or simulators from the School, mathematical assistants, and other computer tools that support the classroom process. 

				Two professors were classified under the “other” category due to the specific nature of the subject or component they teach that requires the use of technology. This includes, for example, the subject Facultativa de la carrera, where students analyze different educational software such as GeoGebra, Cabrí, Scientific WorkPlace, and Mathematical Wolfram, as well as the General Physics Laboratory component, where the use of educational simulators such as PhET is promoted and appears as a topic. 

				Professors integrate many technological resources in their teaching. Applications are the most common, along with videos and the use of data shows for presentations or assignments, explanations of demonstrations. On a smaller scale, the use of simulators, software, or even mathematical assistants is seen, which is in accordance with Granera (2017), who states: 

				The professors, as well as the authorities inter-viewed, recognize that the use of educational software favors the class, since it facilitates the practice of contents, develops computer skills, motivates students, helps with the teaching of contents, and facilitates the inter subject rela-tionship. (p. 132).

				Lanuza (2019) found similar results: “this challenge has a particularity, which is the mastery, firstly, of technological means and, secondly, of mathematical software, which has its particularities when used to solve mathematical problems.” Likewise, as Guzmán (2017) points out:

				When the teacher shows some of the possibili-ties that the software offers to complete activi-ties, it becomes a working tool for the teacher and the student when used for problem solving during practice tasks (p. 86).

				For his part, Potosme (2017) assures that “very few teachers use mathematical software or technological materials” (p. 48). This shows 

			

		

		
			
				that, although the use of technological resources is valued, their implementation in classrooms remains limited.

				Through the observation guide, it was verified that professors make greater use of significance exercises and construction of graphs. Sometimes students are only asked to read and construct. 

				Most students learn mathematical equations applicable to physics following a teaching process where they first listen to the professor, then copy what is on the board, and finally solve exercises or problems of the same level of complexity as those taught or with a slightly higher level. The activities tend to be routine, and this has repercussions on the ways of learning. 

				In total, four observations were made to six professors. It is important to mention that these observations were carried out in the context of the professionalization modality (Saturday) (profesionalización por encuentros sabatinos).

				Even today there are limitations to the use of technology. In this regard, the coordinator of the Program said: “They don’t have a computer, internet access, a smartphone; most of them are from rural areas and of limited resources, and although some of them work, it is to cover other needs.” Despite these difficulties, significant progress has been made in incorporating technology in a harmonious and orderly manner. The use of educational software favors teaching by allowing for the practice of contents and, in this way, the development of computer skills. 

				From the interviews applied to professors and directors with the purpose of diagnosing the situation on the use of computers in the teaching-learning process of mathematical equations in physics, the following results were obtained:

				In relation to teaching Physics or Mathematics classes, a) The use of computers is very limited; sometimes they are used more in research courses, for Word and Excel; and b) there are very poor indications in the use of software or digital applications. 

				In relation to professor preparation, 

				a) most of them make use of ICTs in an empirical way—there is no ICT specialist in the program, and b) there are weaknesses regarding the mastery of mathematical assistants and educational software.
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				students in order to evaluate it. The six professors who were part of the research sample participated in this process and contributed ideas to improve the methodology with a competency-based approach. The results obtained were satisfactory and are reflected in the following SWOT analysis (Figure 11). 

				With the competency based methodology, many strengths are identified internally, as reflected in Figure 11. This methodology is accessible, since it promotes meaningful learning by considering the student’s experiences in order to consolidate and apply them in practice. The development of competencies is indispensable, as it allows knowledge to be transferred to the reality around us and facilitates practical learning of relevant theoretical content in all areas. In the case of this proposal, it focuses on mathematical equations applied to physics. 

				This also coincides with the position of Granera (2017): 

				The proposal considers important aspects in which the student actively participates in the process, developing and working on various competencies, such as problem solving, tea-mwork, analysis and interpretation of results, critical thinking, self directed learning, decision 

			

		

		
			
				It is important to mention that professors have a positive attitude towards computers, valuing their virtues and potential and that many students find this tool easy to use. Likewise, to promote its inclusion in practice, strategies should be developed to foster creativity and innovation in students, ensuring that they acquire the necessary competencies to face the demands of today’s world. 

				It can be observed that professors positively accept the approach of working by competencies. However, some doubts persist about the demands of the subjects or components, especially in Physics and Mathematics classes due to their high level of complexity. In spite of this, the acquisition of skills and abilities necessary for today’s world is recognized. Likewise, the course coordinator said that competency based learning is “interesting because it allows professors and students to critically review their performance; students to systematically evaluate their process and professors to make decisions as students’ weaknesses show. In addition, it allows interdisciplinarity and integration of all the components as a whole.” 

				It is important to mention that, as the proposal was being developed, it was implemented with the 

			

		

		
			
				Figure 11

				SWOT Analysis
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				Threats

				Not having Access to internet or technology. 

				Subjects or components are not compatible and they must be taught independently and not in an interdisciplinary manner.

			

		

		
			
				Strengths

				Accessible Methodology

				Development of competencies in the three skills

				Develops student creativity

				Efforts focused on a single task

				Use of ICTs

			

		

		
			
				Opportunities

				Students are digital natives 

				It develops digital competencies and the competency to learn to learn

				It develops profesional competencies

			

		

		
			
				Weaknesses

				Professors’ mastery of ICTs is intermediate 

				Since it is an interdisciplinary work, the evaluation is carried out by several professors, sometimes with different points of view
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				making, among other characteristics, which leads to lifelong learning. (p. 164).

				Final Considerations 

				A review of the scientific literature shows that, in the field of education, competencies are fundamental for researching how to improve teacher training, both at the beginning and as continuing education. To this end, it is important to have reliable and validated tools to evaluate progress and educational changes.

				Professors opt for learning strategies or activities that make use of concrete, expendable materials that can be manipulated.

				Competency-based methodologies are valuable because they facilitate the construction of knowledge through practical experiences, which in turn enhances the skills necessary for the student’s professional performance. 

				The presentation of the methodology, the elements that comprise it, and the activities that were carried out around its implementation allowed to evaluate competency based methodology, obtaining satisfactory results. 

				As the methodology was being designed, it was implemented in several subjects and components where students were satisfied with the product created, resulting in the development of competencies. 

				References

				Arias, F. G. (2012). El proyecto de investigación. Introduc-ción a la metodología científica (Sexta ed.). Cara-cas: EPISTEME. https://n9.cl/ze9g 

				Arróliga, J. E. H., & Castrillo, C. J. H. (2023). Bases Orien-tadoras de la Acción para el desarrollo de temas de Física con enfoque por competencia. Revista Científica de CUR-Estelí: Medio ambiente, tec-nología y desarrollo humano, (46), 84-107.

				Ausubel, D., & Novak, H. (1983). Psicología Educativa: Un punto de vista cognoscitivo. México: Trillas.

				Bantu Group. (2020, 30 de marzo). Las 6 etapas del proce-samiento y análisis de datos. Bantu Group. https://

			

		

	
		
			[image: ]
		

		
			
				JeHe’s competence-based learning methodology in physics and mathematics

			

		

		
			[image: ]
		

		
			
				Revista Digital de Investigación en Docencia Universitaria 2025, 19(1)

			

		

		
			
				22

			

		

		
			
				Llano, L., Gutiérrez, M., Stable, A., Núñez, M. C., Masó, R. M., & Rojas, B. (2016). La interdisciplinariedad: una necesidad contemporánea para favorecer el pro-ceso de enseñanza aprendizaje. Medisur, 320-327. http://scielo.sld.cu/pdf/ms/v14n3/ms15314.pdf 

				Mejía, D. Á., Guerrero, D. J. H., Marulanda, L. P. O., & Sán-chez, M. D. L. Á. O. (2023). Estrategia didáctica de enseñanza del concepto de función para el de-sarrollo de competencias matemáticas. Revista Científica del Amazonas, 6(12), 19-28. 

				Muñoz, D. A. H., & Castrillo, C. J. H. (2023). Modelo Didác-tico en el Proceso Enseñanza–Aprendizaje en Ni-vel Superior. EDUSER: Revista Científica de Edu-cación, 10(2), 48-60.

				Morales, S., Hershberger, R., & Acosta, E. (2019). Evaluación por competencias: ¿cómo se hace? Revista de la Facultad de Medicina de la UNAM, 46-56. https://www.scielo.org.mx/pdf/facmed/v63n3/2448-4865-facmed-63-03-46.pdf

				Murillo, D. (2018, 2 de Septiembre). Compartir Palabra Maestra. Experiencia y quehacer. https://www.compartirpalabramaestra.org/actualidad/blog/experiencia-y-quehacer-docente#:~:text=Final-mente%2C%20se%20podr%C3%ADa%20decir%20que,un%20cambio%20educativo%20y%20social. 

				Potosme, N. G. (2017). Análisis de la incidencia de la Unidad Didáctica sobre la integral definida, en la concep-tualización que tienen los estudiantes de segundo año de la Carrera de Contaduría Pública y Finanzas de la Universidad Politécnica de Nicaragua (UPO-LI). Tesis presentada para optar al título de Doctor en Matemática Aplicada, Facultad Regional Multi-disciplinaria de Estelí, Juigalpa, Chontales. https://repositorio.unan.edu.ni/8826/

				Rosell, W., & Paneque, E. R. (2009). Consideraciones genera-les de los métodos de enseñanza y su aplicación en cada etapa del aprendizaje. Revista Habanera de Ciencias Médicas. http://scielo.sld.cu/scielo.php?s-cript=sci_arttext&pid=s1729-519x2009000200016

				Tamayo Ly, C., & Silva Siesquén, I. (2012). Técnicas e In-strumentos de Recolección de Datos. https://n9.cl/jbmcp

				Tamayo & Tamayo, M. (2011). La interdisciplinariedad. Cali, Colombia: ICESI. https://repository.icesi.edu.co/biblioteca_digital/bitstream/10906/5342/1/in-terdisciplinariedad.pdf 

			

		

		
			
				Granera, J. A. (2017). Proceso de enseñanza–aprendizaje de la integral definida como el área bajo una cur-va en las asignaturas de Cálculo en las carreras de Ingeniería. Tesis presentada para optar al título de Doctor en Matemática Aplicada, Facultad Regio-nal Multidisciplinaria, Chontales, Estelí, Nicara-gua. https://repositorio.unan.edu.ni/8823/1/1%20TESIS%20JAGR.pdf

				Guzmán, J. E. (2017). Concepción didáctica para la inte-gración de las Tecnologías de la Información y Comunicación (TIC), al proceso de Enseñan-za-Aprendizaje de la Matemática, en la asignatura de Geometría Computacional. Tesis para optar al grado de Doctor en Matemática aplicada, Facultad Regional Multidisciplinaria de Chontales, Juigalpa, Chontales. https://repositorio.unan.edu.ni/8811/

				Hernández, R., Fernández, C., & Baptista, M. d. (2014). Metodología de la investigación. México. D.F: Mc-Graw-Hill Interamericana.

				Hernández, R., & Mendoza, C. (2018). Metodología de la Investigación. Las rutas cuantitativa, cualitativa y mixta. México: McGraw-Hill Interamericana Edi-tores. https://acortar.link/i9VQOr 

				Herrera, C. J. (2019). Estadística y Probabilidades | Física Matemática. UNAN-Managua / CUR-Estelí. http://dx.doi.org/10.13140/RG.2.2.19048.85768

				Herrera, C. J. (2022). Metodologías para el aprendizaje por competencias de Ecuaciones Diferenciales apli-cadas en Física al utilizar tecnología en la carrera Física Matemática. Revista Torreón Universitario, 11(32), 35-45. 

				Herrera-Castrillo, C. J. (2023). Metodología para el apren-dizaje por competencias. Revista Electrónica de Conocimientos, Saberes y Prácticas, 6(1), 77-90.

				Lanuza, E. M. (2019). Tecnologías de la Información y Comunicación integradas en estrategias didác-ticas innovadoras que faciliten procesos de en-señanza aprendizaje en la unidad de funciones de Matemática General, CUR Estelí. Tesis Para Optar Al Grado De Doctor En Gestión Y Calidad De La Educación, Managua Nicaragua. https://reposito-rio.unan.edu.ni/13551/1/13551.pdf

				Lara-Subiabre, B. A. (2018). Análisis de significados de la reflexión pedagógica de profesores en forma-ción. REXE. Revista de Estudios y Experiencias en Educación, 17(33). https://www.redalyc.org/jour-nal/2431/243155021006/243155021006.pdf

			

		

	
		
			[image: ]
		

		
			
				JeHe’s competence-based learning methodology in physics and mathematics

			

		

		
			[image: ]
		

		
			
				Revista Digital de Investigación en Docencia Universitaria 2025, 19(1)

			

		

		
			
				23

			

		

		
			
				[image: ]
			

			
				
					RIDU / Revista Digital de Investigación en Docencia Universitaria / e-ISSN: 2223-2516

					© Los autores. Este artículo es publicado por la Revista Digital de Investigación en Docencia Universitaria del Área de Institutional Research and Effectiveness de la Dirección de Aseguramiento de la Calidad, Universidad Peruana de Ciencias Aplicadas. . "Este es un artículo de acceso abierto, distribuido bajo los términos de la LicenciaCreativeCommons Atribución 4.0 Internacional (CC BY 4.0) (https://creativecommons.org/licenses/by/4.0/deed.es), que permite el uso,  distribución y reproducción en cualquier medio, siempre que la obra original sea debidamente citada."

				

			

		

	OEBPS/image/435.png





OEBPS/image/389.png





OEBPS/image/400.png





OEBPS/image/257.png





OEBPS/image/CClogoBlanco.png





OEBPS/image/37.png





OEBPS/image/311.png





OEBPS/image/20.png





OEBPS/image/98.png





OEBPS/image/143.png





OEBPS/image/55.png





OEBPS/image/372.png





OEBPS/image/186.png





OEBPS/image/370.png





OEBPS/image/417.png





OEBPS/image/141.png





OEBPS/image/10.png





OEBPS/image/176.png





OEBPS/image/133.png





OEBPS/image/425.png





OEBPS/image/441.png





OEBPS/image/277.png





OEBPS/image/407.png





OEBPS/image/374.png





OEBPS/image/6.png





OEBPS/image/57.png





OEBPS/image/178.png





OEBPS/image/91.png





OEBPS/image/369.png





OEBPS/image/12.png





OEBPS/image/61.png





OEBPS/image/232.png





OEBPS/image/30.png





OEBPS/image/410.png





OEBPS/image/376.png





OEBPS/image/104.png





OEBPS/image/139.png





OEBPS/image/405.png





OEBPS/image/68.png





OEBPS/image/199.png





OEBPS/toc.xhtml

		
			
			


		
		
		Page List


			
						1


						2


						3


						4


						5


						6


						7


						8


						9


						10


						11


						12


						13


						14


						15


						16


						17


						18


						19


						20


						21


						22


						23


			


		
		
		Landmarks


			
						Cover


			


		
	

OEBPS/image/85.png





OEBPS/image/307.png





OEBPS/image/83.png





OEBPS/image/359.png





OEBPS/image/75.png





OEBPS/image/23.png





OEBPS/image/58.png





OEBPS/image/226.png





OEBPS/image/382.png





OEBPS/image/416.png





OEBPS/image/403.png





OEBPS/image/271.png





OEBPS/image/102.png





OEBPS/image/2.png





OEBPS/image/51.png





OEBPS/image/162.png





OEBPS/image/94.png





OEBPS/image/96.png





OEBPS/image/132.png





OEBPS/image/305.png





OEBPS/image/237.png





OEBPS/image/21.png





OEBPS/image/297.png





OEBPS/image/100.png





OEBPS/image/401.png





OEBPS/image/224.png





OEBPS/image/427.png





OEBPS/image/17.png





OEBPS/image/11.png





OEBPS/image/89.png





OEBPS/image/54.png





OEBPS/image/177.png





OEBPS/image/9.png





OEBPS/image/38.png





OEBPS/image/62.png





OEBPS/image/231.png





OEBPS/image/312.png





OEBPS/image/426.png





OEBPS/image/223.png





OEBPS/image/160.png





OEBPS/image/442.png





OEBPS/image/434.png





OEBPS/image/205.png





OEBPS/image/79.png





OEBPS/image/310.png





OEBPS/image/7.png





OEBPS/image/408.png





OEBPS/image/97.png





OEBPS/image/80.png





OEBPS/image/371.png





OEBPS/image/60.png





OEBPS/image/90.png





OEBPS/image/280.png





OEBPS/image/233.png





OEBPS/image/251.png





OEBPS/image/309.png





OEBPS/image/406.png





OEBPS/image/56.png





OEBPS/image/373.png





OEBPS/image/99.png





OEBPS/image/13.png





OEBPS/image/289.png





OEBPS/image/16.png





OEBPS/image/59.png





OEBPS/image/84.png





OEBPS/image/308.png





OEBPS/image/261.png





OEBPS/image/368.png





OEBPS/image/287.png





OEBPS/image/76.png





OEBPS/image/375.png





OEBPS/image/270.png





OEBPS/image/404.png





OEBPS/image/103.png





OEBPS/image/349.png





OEBPS/image/198.png





OEBPS/image/306.png





OEBPS/image/52.png





OEBPS/image/101.png





OEBPS/image/22.png





OEBPS/image/402.png





OEBPS/image/415.png





OEBPS/image/396.png





OEBPS/image/428.png





OEBPS/image/409.png





OEBPS/image/187.png





OEBPS/image/1.png
JeHe's competence-based learning
methodology in physics and mathematics
Cliffor Jerry Herrera-Castrillo*

Universidad Nacional Auténoma de Nicaragua, Managua, Nicaragua https://orcid.org/0000-0002:7663-2499 cliffor.herrera@
unan.eduni

Cite as: Herrera-Castrillo, C. (2025). JeHe's competence-based learning methodology in physics and mathematics. Revista Digital
de Investigacién en Docencia Universitaria, 19(1), e1759. https://dol.ora/10.19083/r1d1.2024.1759

Received: 20/12/22. Revised: 31/01/2024 Published: 28/02/2025

Abstract
Introduction: Currently in universities worldwide, many efforts are being developed to reach a competency-based
approach, for student learning, with the use of technology as a dynamizing and enhancing element of learning. With
this project on the JeHe methodology, we want to contribute for students to achieve generic and specific competencles
that will be of help for their professional development, thus evidencing a significant learning. Objective: To implement
a Methodology for Competency-Based Learning of Mathematical Equations in Physics with the help of Technology in
the Physics-Mathematics program. Method: 75 students, 6 teachers and 1 career coordnator, all from UNAN - Managua /
CUR - Esteli, participated in the research. A mixed approach was considered, using theoretical, empirical and statistical
methods. The research scenario was the implementation of JeHe's Methodology for Competency-Based Learning, which
provides theoretical bases and analyzes its effect on higher education.

Keywords: didactic conception; teaching-learning; technology.

Metodologia para el aprendizaje por competencias de JeHe en fisica y matematicas

Resumen

Introduccién: El uso de la tecnologia como un elemento dinamizador y potenciador del aprendizaje constituye uno de
los tantos esfuerzos por parte de las universidades a nivel mundial para alcanzar un enfoque por competencias. Con
este proyecto sobre la metodologia JeHe se quiere aportar para que los estudiantes alcancen competenclas genéricas y
especificas que serdn de ayuda para su desarrollo profesional, evidenciando asi un aprendizaje significativo. Objetivo:
Implementar una Metodologia para el Aprendizaje por Competencias de Ecuaclones Matematicas en Fisica con ayuda de
Tecnologia en la carrera de Fisica-Matemtica. Método: En la Investigacién participaron 75 estudiantes, 6 maestros y 1
coordinadora de carrera, todos de la UNAN - Managua / CUR - Esteli. Se consider6 un enfoque mixto, utilizando métodos
teéricos, empiricos y estadisticos. El escenarlo de la investigaci6n fue la implementacién de la Metodologia para el
Aprendizaje por Competenclas de JeHe, la cual proporciona bases tedricas y analtza su efecto en la educacién superior.
Palabras clave: concepci6n didéctica; ensefianza-aprendizaje; tecnologia.
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