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Abstract

:

The inclusion of information and communication technologies in education has become a priority for all educational models, particularly for higher education institutes that have observed the need to integrate these technologies in the classroom. However, to guarantee educational quality and learning, establishing a process that allows the identification of the response of the students towards its use is necessary. For this purpose, there are several works that address the issue and have determined the functionality of these technologies, but each environment is different, and this is recognized by the higher education institutes of Ecuador that have limited economic, technological, and academic resources. This work seeks to create a method that allows the needs and doubts of students about the use of educational technologies in the classroom to be established without affecting their academic performance. To perform this, a process has been designed that identifies learning needs through the validation of data obtained from surveys and a comparison of two groups of students, in which one group makes use of technologies in the classroom and the other group uses a model of traditional education. By obtaining the results of the analysis, the method determines the impact of technology on learning.
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1. Introduction


Currently, society is experiencing a change in the way it carries out its activities, and this is mainly due to the pandemic caused by the coronavirus disease 2019 (COVID-19) [1]. COVID-19 has brought many consequences for people and their organizations, and most of these have been disastrous and full of desolation due to the loss of life. However, the consequences are still present, and they are visualized in the economy and in education, in the affective part and the psychological part [2,3]. These fields include some that have greater relevance to people’s lives and where a large amount of scientific work has been focused. The same fields generate detailed analyses of the consequences of the pandemic in the period of isolation and beyond it where isolation or quarantine were tools that governments used to somehow avoid a higher level of contagion [4]. Other studies focus on analyzing the consequences of the pandemic in a new reality in which restrictions have been lifted and health measures have been relaxed.



The field of action of this study is limited to the field of education and takes the new norm as a reference. Education has been one of the fields most affected by COVID-19, since at the beginning of it, the academic system applied, as a first step, the suspension of all face-to-face activity and used information and communication technologies (ICT) to provide continuity to its activities [5,6]. To respond to the needs of the student population, ICT were integrated into the educational environment and content platforms, learning management systems (LMSs), video conference platforms, etc., were generated or updated, with the aim of adapting to remote education. The adaptability of ICT during the pandemic has become a starting point for educational institutions, and they have defined the next stage in the way they generate their educational models [7].



The influence of ICT in education is not new, however, as several institutions and students, even before the pandemic, viewed the face-to-face education model as the best environment for the development of learning. This has currently been re-evaluated with the use of technology in the classroom. This work was developed in Ecuador, where there is a group of educational institutions that have viewed ICT as an advantage for their educational model [8]. This group includes higher technological institutes, and their academic program is based on a degree that takes a period between 2 and 3 years for completion, unlike engineering, which takes between 4 and 5 years to graduate. This represents a competitive advantage for a specific population of students who have specific needs in relation to study time, schedules, and costs.



The students who generally take advantage of this study model are people who work a full schedule and require schedules that fit their work and family life. In addition, another parameter that influences the integration of these models is the age of the students, which is a large percentage higher than the age of the students who are enrolled in engineering or bachelor’s degrees. Technology degrees in Ecuador have become an option desired by the population, including those who require a degree for their personal and professional growth, and these technologies are regularized by the corresponding government entities of the country. Therefore, these models go beyond a rapid degree program; on the contrary, they respond to a complete educational model based on specific themes that provide the student with the necessary knowledge to put it into practice in the community. However, the institutions that offer this educational model generally do not have all the resources that a university has, both economically and technologically, and in its academic structure, most teachers are employed on hourly class contracts [9,10]. The last point indicated marks a key difference with other educational institutions, since, by having a minimum of full-time teachers, the evolution and updating of academic curricula and research on the needs of students are basic or deficient.



With the pandemic, technology institutes have used ICT to meet the needs of their students and to improve their educational model, making it more appealing to the generation of new professionals with an education that suits their needs. However, including ICT in this educational model represents a greater challenge in relation to universities. Among the main reasons are the previously mentioned resources and the availability of students for the acquisition and management of ICT [11,12]. This work proposes the design of a framework that allows identifying the responses of the students of technology with respect to the use of ICT as educational tools. To meet this objective, student data are acquired by conducting surveys; in addition, a comparison of learning is made in two groups of the same career. The comparison consists of activities proposed during a period of 7 weeks in which one group works these activities with the use of ICT and the other group works with traditional methods. With the results obtained, creating an academic model based on the use of ICT that guarantees student learning is proposed.



This work is divided into the following sections that have been considered key to achieving the proposed objectives: Section 2 defines the method used in the investigation; Section 3 presents the results obtained from the analysis; Section 4 presents the discussion of the results obtained with the proposal of an analysis model for the application of ICT in education; Section 5 presents the conclusions found in the development of the work.




2. Materials and Methods


The method is composed of two stages: in the first stage, a process is carried out to identify the feelings of the student population about the inclusion and use of ICT as educational tools. In the second stage, a comparison is made on the use of ICT in the classroom and a case is presented with two parallel groups where several activities are proposed, where the groups of participants will develop them with and without the use of ICT and then move on to a data analysis model that identifies the state of learning and the implications of ICT in education [13].



2.1. Identification of the Problem


Education is a sector that, by concept, admits the use of technologies; even within its planning, the teaching of ICT is established as a necessary tool in the application of various subjects. However, the new needs of students demand a change in the use of ICT, where these are included in a model attached to the student. Currently, educational models are immersed in a methodological change, with new resources that allow the progressive improvement of learning. In these methods, the teacher has a guiding role for the student and their activities depend on the use of ICT, to establish parameters previously not considered, such as motivation, innovation, and research by the student. In these new models, it is necessary to understand how the learner learns and what they want to learn. Technology makes it possible to create personalized learning models that adapt to the characteristics of the students. However, for some institutions, such as the one participating in this study, the integration of ICT in the classroom is a process that requires a greater effort given its nature and the resources available to them.



Technological institutes of higher education often have limited financial and educational resources and their use is vital to the improvement of education. In addition, the student population has very different needs from those of other institutions. This is one of the main problems that requires attention in the educational field, since, having a student population that does not have an adequate means or handling of ICT, it is impossible to speak of technological integration in education. Considering the educational population and the resources that exist in these institutions, it is necessary to generate a process to identify the students’ feelings regarding the use of ICT. However, the information that leads to the identification of the feeling must be real and effective since the process to be executed in the implementation of ICT in the classroom depends on it.



In addition to the validation of the instruments that allow obtaining information about the students’ feelings regarding the inclusion of ICT in their learning, it is necessary to create testing environments. These environments make it possible to establish variables that adjust the use of ICT in each educational environment, making adequate use of existing resources, as well as guaranteeing learning. From this problem, it is possible to identify the main objectives or questions to be answered with this work. In the first stage, we wish to know if a survey is an adequate instrument to obtain information from students that will allow us to define whether the inclusion of ICTs meets their needs. Once the validity of the instrument has been established, it is possible to answer students’ feelings about the inclusion of ICT in their learning. In the second stage, it is necessary to define whether there is a gradual change in learning with the use of ICT, for which it will be important to make a comparison between two groups, one focused on learning with a traditional model and the other oriented to the inclusion of ICT.




2.2. Review of Previous Works


The review of previous works has been divided into two groups. The first group includes works that approach the creation of academic resources in a pedagogical context. The second group includes works that analyze the viability of the use of ICT in education based on the new needs of the student body.



The first group of papers reviewed takes the educational model from the point of view of the creation of new pedagogies, competencies, and teaching profiles. The works that emphasize this proposal have ICT as the main actor and point out that they should be used to make the student’s experience more attractive and capture their interest in learning. In addition, the basis of the proposal they make takes as background that the duality of ICT in education is an opportunity to optimize learning time [14,15]. The contribution of these works to our proposal is mainly because, when moving from a traditional educational model to a model that includes ICT in its execution, a change in pedagogy is necessary. In the design of the new pedagogy, the implementation of innovative strategies that motivate creativity and generate inclusive education is proposed [16,17]. Therefore, teachers should be accompanied and trained to be part of this educational model, developing new learning skills, and taking advantage of technologies to be a motivating channel for the student [18].



The second group of reviewed works proposes several data analysis architectures; their purpose is to determine the factors that affect learning in an educational model that uses ICT as a fundamental element of learning. In these works, the main success of education expressly depends on the connection between the learner’s feelings and an educational modality governed by technology [19,20]. Here, interaction with teachers and other students is reduced to a minimum, generating a greater emphasis on self-learning. The proposed architectures use analysis techniques that allow the identification of patterns in the data of students, teachers, and areas involved in education [21,22]. The analysis of the data seeks to give value and generate knowledge about them, with this knowledge it is possible to explain the phenomenon to determine the degrees of incidence that various factors in education have with the use of ICT.




2.3. Identification of the Feeling in the Use of ICT as Educational Tools


In Figure 1, a flow chart is presented with the stages that are part of the analysis to identify the students’ feeling about the use of ICT. This is defined by five phases that are responsible for a specific task in this stage.



2.3.1. Population Identification


This work is developed in a higher technological institute in Ecuador that offers 10 careers in the on-site modality. It has a population of about 1200 students and 95 persons, between administrators and teachers, who supervise the management of academic quality and the verification of student learning achievement.



The analysis is carried out in the administration career. This selection is made considering that the institute has determined to create a pilot plan where this career is included. In addition, it has the largest number of students, with a total population of 360. However, the 2021 cohort has been chosen for the pilot plan, considering that the students of this cohort started their studies using distance learning during the pandemic and the 2022 period is face-to-face. Therefore, this group has already gone through an experience with the use of ICT in education. This cohort includes 75 students who are part of the study. Another factor why this career has been selected is the age of the students, where more than 50% of the students are over 40 years old. This is a factor that can be considered as a limitation for the use of technologies, as well as the fact that the availability of study time is limited by their work activities. To properly structure the surveys and the participating students, equation 1 has been applied to the total population, which refers to the calculation of the most representative sample, to give greater validity to the proposed prototype [23]. This means that to consider a survey valid, the minimum number of participating individuals must reach the result stipulated in the equation.



The variables and data of the equation are the following:


  n =   N *  Z 2  * p * q    e 2  *  (  N − 1  )  +  Z 2  * p * q    



(1)




where:




	
N = Population size: 75.



	
Z = Confidence level: 1.960.



	
p = Percentage of the population that has the desired attribute: 50%.



	
q = Percentage of the population that does not have the desired attribute: 50%.



	
e = Maximum accepted estimation error: 3%.








Substituting the values, we obtain that the finite sample size is 70.14, which means that there must be at least 70 students taking the survey to consider it a valid tool and that it defines the most representative sample for the study.




2.3.2. Survey Preparation


The objective of the surveys is to obtain data to determine the factors that affect learning when ICT are used as educational tools. For this purpose, several questions have been generated that are aligned with variables that can be analyzed and are the product of the review of similar works where the different needs of students have been identified. The reviewed works establish that to guarantee the veracity of the answers, the surveys must be objective and must comply with certain guidelines that prevent the respondent from losing motivation in the development of the survey. Therefore, a test-type survey is considered adequate when it contains fewer than 20 questions [24]. In this work, 13 general questions have been considered and their results can be analyzed to define which of the variables has the greatest influence on the explanation of the phenomenon studied [25,26].



The variables are listed below:




	
Usability of ICT.



	
Technological resources.



	
Disadvantages.



	
Training.








The survey questions are designed to obtain as much real information from the respondent as possible, so they should be clear, direct, and objective [27]. The response model is presented by levels of acceptance or rejection; in this way, the respondent does not generate a state of discomfort or discomfort that punishes the veracity of the answers. The questions that evaluate the variables have been worked considering the use of technologies, the inconveniences that the student perceives in their use, the availability of devices for the use of ICT, etc. In this group of questions there are four questions that are evaluated with a "Yes" or "No", these questions in the analysis are taken as complementary to the basic questions that allow the population, gender, and age to be defined [28].



	
Gender



	
Male/Female.









	
Age



	
Rating (20, 30]; (30, 40]; (40, 50]; (50, 60]; (more of 60).









	
Has used information technologies for their education (computers–cell phones–tablet–etc.)



	
Yes/No.









	
What skills do you have in managing IT?



	
I do not use, low, medium, good, very good.









	
You have the necessary tools to use technology in education at home.



	
I do not have, with limitations, sometimes, I have some, if I have.









	
From your perspective, how important is the use of information technologies in education?



	
None, little, necessary, important, very important.









	
Do you believe that technological resources can favor their learning?



	
Yes/No.









	
Select one disadvantage of technology platforms in education.



	
None, no support, lack of training, Internet access, outdated technology.









	
Which of the following activities do you enjoy the most with information technology?



	
Entertainment, social media, browsing, education, research.









	
How often do you use information technology in your education?



	
Never, hardly ever, occasionally, regularly, always.









	
Which of the following options do you consider to be a problem with the use of information technology in education?



	
Access to false information, danger of exposure of personal data, exposure to inappropriate content, decreased manual skills, risk of inequality and exclusion.









	
Do you consider that the excessive use of technology can affect your health?



	
Yes/No.









	
Would you like to receive training on this topic?



	
Yes/No.










2.3.3. Application and Data Acquisition


The design of the survey depends on the tools available in each institution, in addition to the skill of those in charge of programming the questions. Currently, there are online tools that facilitate this work, many of which even provide templates that can be used, if the objectivity of the questions is maintained. For the development of this survey, Google Forms has been used; the advantage of this tool and other similar ones is that they offer reports and graphs that facilitate the interpretation of the information.



With the survey developed, the application depends on the existing means in the institution. Currently, it is common to use LMS or academic systems in educational institutions [29]. For the method, it is recommended to link the survey directly to the institutional LMS and adequately track its development. In addition, if linked to the LMS, the time limit may vary depending on the need for information, usually a survey with the number of questions presented in the design and considering that the development time is less than 10 min, it can remain open for 7 days [30].



In the first stage of the analysis, the main objective is to determine the validity of the data acquisition instrument. To meet this objective, it is necessary to determine the number of surveys received, verify the information received and transform it, if appropriate. Table 1 shows an example of the type of data obtained in the surveys, these responses are those provided by the instrument; however, to perform the analysis it is necessary to transform these responses into numerical values and perform the corresponding calculations to estimate the correspondence between the variables.



Table 2 presents an example of the transformation of the answers, so that the survey can be analyzed. The answers are transformed into a scale from one to five, considering 1 as the lowest value that can be assigned to each criterion. For example, no driving = 1, poor = 2, average = 3, good = 4, very good = 5.




2.3.4. Tool Evaluation


To evaluate the effectiveness of the data acquisition tool, it is necessary to analyze the incidence of each variable in the study phenomenon. The proposed method uses factor analysis, which is a statistical analysis widely used to determine the validity of a survey. Factor analysis identifies the underlying variables or factors that explain the configuration of correlation in a set of observed variables. In other words, the main objective of factor analysis is to analyze the correlation between a series of variables to discover structures that are not directly observable. To this end, a reduction of the information provided by “p” observed variables is sought with the least possible loss of information.



As main components of the factor analysis to determine the validity of the survey, we have the correlation matrix. This matrix shows the Pearson correlation values, which measure the degree of linear relationship between each pair of variables. Correlation values can be between −1 and +1. However, in practice, items usually have positive correlations. If the two items tend to increase or decrease at the same time, the correlation value is positive. The interpretation of the correlation matrix evaluates the strength and direction of the relationship between two items or variables. A high and positive correlation value indicates that the items measure the same ability or characteristic. Table 3 presents an example of the correlation matrix, where all items are highly correlated with each other. Item 1 and item 2 have a positive linear correlation of 0.903. Item 1 and item 3 have a positive linear correlation of 0.867, while item 2 and item 3 have a positive linear correlation of 0.864. Therefore, these items appear to measure the same characteristic.



Another component that makes it possible to assess the goodness of fit or adequacy of the analyzed data to a factorial model are two statistics, the Kaiser–Meyer–Olkin (KMO) sample adequacy measure and the Bartlett sphericity test. The KMO is an index that compares the magnitude of the observed correlation coefficients with the magnitude of the partial correlation coefficients. Bartlett’s sphericity test tests the null hypothesis that the observed correlation matrix is an identity matrix. If the data come from a multivariate normal distribution, the Bartlett statistic is approximately distributed according to the chi-square probability model and is a transformation of the determinant of the correlation matrix. If the critical level (Sig.) is greater than 0.05, the null hypothesis of sphericity cannot be rejected and, consequently, it is not possible to ensure that the factorial model is adequate to explain the data. In Table 4, an example of the results of the calculation of KMO and Bartlett’s test is presented. According to the KMO concept that establishes the ranges of the coefficients as a significant set, the following is obtained: the closer to 1 the value obtained from the KMO test is implies that the relationship between the variables is high. If KMO ≥ 0.9, the test is very good; notable for KMO ≥ 0.8; median for KMO ≥ 0.7; low for KMO ≥ 0.6; and very low for KMO < 0.5.



The next component is the total explained variance calculation. Table 5 presents an example with values to detail its interpretation. In the analysis of the total percentage of variance explained, it is expected that, in the minimum cumulative total of the survey, it explains 50% of the phenomenon in the calculation of several components. In the example, this is not fulfilled since the variables included in the analysis explain the phenomenon in one component, but the cumulative percentage only reaches 26.670%. Therefore, with the results obtained so far, it is determinant that the instrument in the current conditions is not able to explain the phenomenon.



In this case, the method will be able to determine that the survey can explain the phenomenon studied. There are several complementary steps in the factor analysis, which are reflected in the results and whose objective is to determine the incidence of each question on education. If in the analysis performed, the instrument is not able to explain the phenomenon by 50%, the process must return to the survey design stage, make the corresponding corrections based on the incidence per question and continue with the next stage. On the other hand, if the instrument explains the phenomenon with a cumulative percentage higher than 50%, the next stage is continued, guaranteeing the effectiveness of the data acquired.




2.3.5. Results Presentation


In this phase, the results of the analysis are interpreted and presented, the fundamental objective of which is to identify the degree of incidence that each question has on the phenomenon under study. For example, the influence value of the availability of ICT devices that students have for the use of technologies in education. To determine these values, descriptive statistics are included in the analysis to determine the standard deviation of each survey question in relation to the total number of interactions corresponding to the number of surveys received. This statistical analysis includes the interpretation of the correlation matrix, the communalities, and the rotated components matrix. The results of this analysis make it possible to establish the most relevant questions for the study of the phenomenon. In addition, the method makes it possible to identify the questions that have less influence or do not contribute to the study and eliminate them so that they can be updated in the survey.





2.4. Comparative on the Use of ICT in the Classroom


The second stage of the method consists of the evaluation of activities in two different groups: in one of these groups the activities are used by ICT and in the other they are carried out in a traditional way. In Figure 2, the phases of the comparison on the use of ICT in the classroom are presented.



2.4.1. Identification of Activities


The identification of the activities depends on the group that participates in the study, for the comparison it is a priority that there is a group that uses ICT in the proposed activities and another that performs them in a traditional way. The groups of students considered for the method belong to the same cohort, so the proposed academic activities evaluate a similar subject matter and have been divided in relation to their parallel [31,32]. With this segmentation of the group, the management of the activities is facilitated, without additional burden on the teacher’s work. The activities that evaluate the use of ICT are specific within the course and what is sought with them is to measure the degree of learning without demotivation on the part of the teacher or the student.



According to the syllables that are an integral part of each course belonging to the technological institute that participates in this study, learning is evaluated through forums, questionnaires, and assignments. The assignments may include group work, playful games, remote talks or conferences, mental maps, creation of comics, etc. In groups, the use of the institutional LMS is mandatory, since this system is used as the main repository for grades [9,33].




2.4.2. Analysis of Data


The data is obtained directly from the LMS, and the analysis model used in each case will depend on the volume of existing data. In this case, since it is data that represents a direct rating, it is not necessary to establish a process for cleaning or granular transformation of the data [34]. However, if the volume of data is high and data is extracted from various sources, it will be necessary to include a more efficient data extraction, transformation, and loading (ETL) process in the model [35,36]. If this is the case, it is possible to use an analysis process similar to that used in business intelligence, including concepts such as data mining or online analytical processing cubes. With the use of this tool, even higher technological institutes are provided with a system capable of evaluating learning and making decisions efficiently and that guarantee results [37,38].




2.4.3. Decision on the Use of ICT in the Classroom


In this phase, the results obtained in the data analysis are interpreted. If there is acceptance of the use of ICT by the students and this is reflected in their learning, the results are presented to the department in charge of academic quality, so that a comprehensive process is established in the use of ICT in the educational model. Otherwise, the institution will initiate a training process in the use of ICT and educational platforms, both for teachers and students [39,40,41].






3. Results


For the evaluation of results, the method is applied in a case study at the higher technological institute that participated in this study. In the design of the method, general data of the population that is part of the analysis has been mentioned, as well as the design of the survey; therefore, the application of the case study is part of the application and acquisition of data.



3.1. Identification of the Feeling in the Use of ICT as Educational Tools


To identify the feeling of students towards the use of ICT, the 2021 cohort has been taken and divided into two groups. The segmentation has been made based on two existing parallels, the first group is called parallel “A” and consists of 38 students. In parallel “B” there are 37 students, reaching a total of 75 students in the cohort.



3.1.1. Application and Data Acquisition


The survey was applied to the 2021 cohort, which is the sample with which the method works. The total population of the cohort is 75 students; according to the results of the most representative population, for the survey data to be valid, it is necessary to receive at least 70 surveys. Table 6 shows that this condition is met in the work, since there were 71 students who completed the survey, therefore, the most representative sample is available to continue the analysis. The group of surveyed students is divided into 31 males and 40 females. Table 6 shows the age range of the population analyzed. In general, the dominant age range is between 40–50 years, of which 24 are women and 14 are men, the next age range with the highest number of people is between 50–60 years. These groups are the most representative in terms of the number of members and those in which the analysis will have a greater follow-up. Another representative fact is the low influx of students between 20 and 30 years old studying this course. This is a result that was expected, since in previous sections it has been detailed that this type of degree has the purpose of reaching professionals who do not have a higher degree or people who are heads of families and who are past the average age to enter a university career. In addition, there is a fact that was not expected in this survey, and that is that there are people over 60 years of age who are pursuing this type of study and see it as an opportunity to become professionals.




3.1.2. Tool Evaluation


The evaluation of the survey is carried out using the Statistical Package for the Social Sciences (SPSS). This tool allows the application of analytical reduction through factor analysis. The first step for the evaluation is to generate a process of cleaning and transformation of the data obtained. Table 7 presents a summary of the raw data obtained from the survey, in which the responses are of the textual type. For the analysis, it is necessary to convert the texts to numerical values. For presentation purposes, the table headings have been modified and the first seven columns and the first 25 rows are presented. To present the data properly, the fields that are presented and the modified texts are shown:




	
Q1: Gender.



	
Q2: Age.



	
Q3: You have used information technologies for your education (Computers–Cell phones–Tablet–etc.).



	
Q4: What skills do you have in managing IT?



	
Q5: You have the necessary tools to use technology for education at home.



	
Q6: From your perspective, how important is the use of information technologies in education?



	
Q7: Do you think that technological resources can favor your learning?



	
Q8: Select one disadvantage of technology platforms in education.



	
Q9: Which of the following activities do you enjoy the most with information technologies?



	
Q10: How often do you use information technology in your education?



	
Q11: Which of the following options do you consider to be a problem with the use of information technologies in education?



	
Q12: Do you consider that the excessive use of technology can affect your health?



	
Q13: Would you like to receive training on this topic?










[image: Table] 





Table 7. Presentation of the first 25 rows and 7 columns, for the representation of the questions included in the survey.






Table 7. Presentation of the first 25 rows and 7 columns, for the representation of the questions included in the survey.





	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7





	Woman
	40 years to 50 years
	Yes
	Very difficult
	Yes, comfortably
	Very important
	Yes



	Men
	40 years to 50 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Woman
	20 years to 30 years
	Yes
	Easy
	Yes, comfortably
	Important
	Yes



	Woman
	20 years to 30 years
	Yes
	Easy
	Yes, comfortably
	Very important
	Yes



	Woman
	50 years to 60 years
	Yes
	Very easy
	Yes, comfortably
	Necessary
	Yes



	Woman
	20 years to 30 years
	Yes
	Easy
	Yes, comfortably
	Important
	Yes



	Men
	40 years to 50 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Woman
	50 years to 60 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Men
	30 years to 40 years
	Yes
	Easy
	Yes, but with limitations
	Very important
	Yes



	Men
	20 years to 30 years
	Yes
	Easy
	Yes, comfortably
	Very important
	Yes



	Woman
	40 years to 50 years
	Yes
	Easy
	Yes, comfortably
	Very important
	Yes



	Woman
	40 years to 50 years
	Yes
	Easy
	Yes, comfortably
	Very important
	Yes



	Woman
	20 years to 30 years
	Yes
	Easy
	Yes, but with limitations
	Necessary
	Yes



	Men
	40 years to 50 years
	Yes
	Hard
	Yes, comfortably
	Very important
	Yes



	Woman
	40 years to 50 years
	Yes
	Easy
	Yes, but with limitations
	Important
	Yes



	Men
	30 years to 40 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Woman
	40 years to 50 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Men
	40 years to 50 years
	Yes
	Easy
	Yes, but with limitations
	Very important
	Yes



	Men
	20 years to 30 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Woman
	50 years to 60 years
	Yes
	Very easy
	Yes, comfortably
	Very important
	Yes



	Woman
	40 years to 50 years
	Yes
	Hard
	Yes, comfortably
	Necessary
	Yes



	Woman
	40 years to 50 years
	Yes
	Easy
	Yes, but with limitations
	Necessary
	Yes



	Men
	40 years to 50 years
	Yes
	Easy
	Yes, comfortably
	Necessary
	Yes



	Men
	40 years to 50 years
	Yes
	Hard
	Yes, but with limitations
	Important
	Yes



	Woman
	50 years to 60 years
	Yes
	Hard
	Yes, comfortably
	Very important
	Yes








Table 8 presents the transformed data and the corresponding numerical values that allow the corresponding analysis to be applied. For reasons of formatting, in the previous table it is not possible to add all the columns, however, the dataset will be made available so that the reader can replicate the method without problems. In this table there are columns that have been left in a text type format—these columns are Q1, Q3, Q7, Q12, and Q13, and these questions will not be included in the analysis. The reason why these columns have not been modified is because in the design of the survey, these questions are not multiple choice, they are informational and YES or NO questions. In Q1, we decided to maintain the gender for the presentation of the results in the following stages.



With the transformed data, the analysis of the data begins to establish the validity of the survey and its questions. The analysis process aims to verify, through factor analysis, the components that directly affect the use of ICT in education. Table 9 shows the results obtained in SPSS, through a dimension reduction model. To identify the appropriate factorial model, the KMO measure and Bartlett’s test of sphericity are used. This model tests for partial correlations between variables. In addition, Bartlett’s test checks whether the correlation matrix is an identity matrix. The KMO assumes values between 0 and 1, and according to several reviewed works, for a KMO coefficient to be adequate, it must be greater than 0.6. The table shows that the coefficient is 0.712, so the items are considered adequate, and the analysis continues. In Bartlet’s test, a chi-square value associated with the sampling distribution is obtained, which allows us to know the probability of error in rejecting a null hypothesis. Ideally, the significance value is expected to be less than 0.005, which is met in our analysis with a value of less than 0.000, indicating that there are significant differences between the correlation matrix and the identity matrix.



Table 10 shows the values obtained in the anti-image matrices. This matrix contains the negatives of the partial correlation coefficients, and the anti-image covariance matrix contains the negatives of the partial covariances. To be considered a good factorial model, most off-diagonal elements must be small. In the results obtained in the covariance matrix, it is observed that the values are good and exceed the 0.6 established in the KMO. Except for the values obtained in Q4 and Q5, which are lower at 0.492 and 0.597, respectively; however, in the correlation matrix they have a value of 0.747 and 0.654, respectively. In addition, with the positive values and closest to 1, a diagonal is formed, in which case the values above the diagonal are identical to those below it, which means that it is a mirror matrix.



Table 11 shows the communalities table, which measures the percentage of variance of a variable explained by all the factors together and can be interpreted as the reliability of the indicator. With the results obtained in the table, the variables in Q3 and Q6 have less reliability. This is because the amount of variance of all questions is explained by the eigenvalue, and if a factor has a low eigenvalue, it contributes little to explain the phenomenon studied. Another low value is that of question Q10. These three parameters are the ones to be analyzed in depth to determine the degree of impact they have on the validity of each question.



In Table 12, the total variance explained in its second component or generated dimension reaches a percentage that exceeds 50%, reaching 53.045%. This means that the instrument in the second analysis with all the questions included can explain the phenomenon; therefore, the survey is valid to continue with the analysis.



Table 13 shows the matrix of rotating components, and something unique is obtained in this analysis: the results have been classified into two components. According to the theoretical logic of the analysis, all the questions belong to a single dimension, so it is expected that the results and contributions of these maintain the dimensionality. The reason for the results obtained focuses specifically on the fact that the respondents are misinterpreting several of the questions and that in the design of the questionnaire it has not been considered that certain questions are evaluating two or more categories.



For a dimension to be considered valid, it needs at least three questions that feed into it or are directly related to it. The table shows that there is a relationship and contribution of more than three questions with values greater than 0.6. However, there are questions that have negative values; these can be removed from the analysis to modify the influence value of the remaining questions. For this analysis it is not necessary to eliminate the questions with negative values, however, they are considered to improve the way they are interpreted. Among these questions are Q3 on both components, Q5 on the second component, and Q9 on the first component.




3.1.3. Results Presentation


Once the survey has been validated and the incidence values that it must respond to the study phenomenon have been identified, it is possible to publicize the results found in it. For the presentation of data, it is possible to use different tools such as tableau, pivot tables, Power BI, and even the tools provided by the same application, with which the survey was developed. For this case, dynamic tables have been used to express the feeling of the respondents in relation to the use of ICT in the classroom. As an example, two graphs have been placed that represent the feeling of the students regarding the inclusion of ICT in questions Q6 and Q11.



In Figure 3, two graphs of the data of the mentioned questions have been included, as the first parameter in the graphs is age. As the predominant group is students between 40 and 50 years old, this is the selected group. Both men and women have been included in the gender to determine the tendencies of each group. In Figure 3a, the question analyzed is, “Q6: From your perspective, how important is the use of information technology in education?” In this question it has been established that the two groups consider that ICT’s inclusion in education is very important, and the group is filtered by age, where there are 14 men and 24 women. The results in proportion are very similar; however, in this group, there are no responses chosen as “little” or “none”. This result allows us to establish the importance of applying ICT in a test environment and gives rise to a second analysis where the performance of the students is evaluated.



Figure 3b corresponds to “Q11: Which of the following options do you consider to be a drawback with the use of information technologies in education”. In this question, they are presented in the two components generated in the matrix of rotating components and their incidence value in giving an answer to the study phenomenon is 0.600; therefore, it has important relevance in the study. The filter is similar and is based on age. In general, in this analysis, students are resistant to the use of ICT in the classroom due to the danger of data exposure. Similarly, the factor of access to information that currently exists is considered an inconvenience in the use of ICT, and this factor has a greater presence in the group of women. Exposure to inappropriate content is a factor that has a different degree of importance between groups: women tend to see this factor as more important while men feel that there is a greater risk of losing manual skills due to the creation of a technological dependency. The results can be evaluated for each question by varying the existing filters to determine the existing trends between ages. This has been analyzed in-depth for the application of ICT in the classroom at the higher technological institute that participates in the study. In these results, it was observed that in the groups between 20 and 40 years of age, the concern is that they are simpler and are related to the exposure to the data. These results were expected since the age range greatly influences the management and confidence towards the use of technologies.





3.2. Comparison on the Use of ICT in the Classroom


The comparison of the use of ICT in the classroom depends on the activities proposed to each group of students. Therefore, it is necessary to establish the mapped fields in the database that feeds the analysis. For the case study, the data is extracted from the LMS in XML format This is possible to execute due to the volume of data that is small and does not require the application of an ETL process.



3.2.1. Identification of Activities


The activities of each course are proposed by each teacher, and these are detailed in the syllabus which is the main part of the management of each subject. The number of subjects per academic period depends on the level that the student is studying. Regarding the academic period, this consists of 16 weeks divided into two signs of progress, each of which is made up of 7 weeks and 1 for evaluations. During the 7 weeks, the teacher oversees transferring the knowledge about the different topics to the student. The educational model of the institute that participates in this study is based on practice; therefore, each week, the teacher proposes several activities that evaluate the academic performance of the students. Generally, a subject is made up of 2 hours and is taught in a weekly session. Each session is limited to three components, where resources, classroom activities, and autonomous activities are established. The resources are part of the teacher’s management, in the evaluated environment, there is no guideline that obliges teachers to use ICT; however, to establish its functionality in the classroom, parallel “A” performs academic activities with the use of ICT and group “B” carries out its activities in a traditional way.



The activities in the classroom and the autonomous activities of parallel “A” must promote the achievement of learning competencies, in addition, these must be aligned with active learning. For example, for each session, there should be activities such as forums, questionnaires, mind maps, online debates, webinars, surveys, research activities, etc. With this reference in each progress, 14 evaluated activities must be generated, the qualifications for which are out of 10 and these values are those evaluated in the data analysis.




3.2.2. Analysis of Data


For the first data analysis, the data of 38 students are considered; in Table 14, the grades obtained from parallel “A” are presented, only the first 7 weeks have been included considering the format of the document. In the table, the first column records an ID for each student, and in the Avg. column, the average of each student’s grades is recorded. The reference is that a student, to pass a subject, must meet a minimum average grade of six in each progress. The T > 5 row counts the scores greater than “5”. According to the components detailed per week, each column identifies “S”, which refers to the activity in the week, “Ss” refers to the autonomous weekly activity, and the identification number to the week. The data of parallel “A” are obtained from the activities carried out with the use of ICT. The activities considered in this progress are listed below:




	
S1: Documenting a finance topic in images.



	
Ss1: Discussion forum in the LMS.



	
S2: Multiple Choice Quiz in the LMS.



	
Ss2: Creation of a digital poster with the use of Online tools.



	
S3: Immortalize your favorite read, explain why, and share it on Instagram.



	
Ss3: Interview a special someone, ask questions and record the interview with a mobile device.



	
S4: Discuss a current issue, the arguments must be visible in some digital tool.



	
Ss4: Reflect on a study area blog.



	
S5: Digital self-portrait, add your strengths and weaknesses in the different themes.



	
Ss5: Research in virtual libraries on a specific topic.



	
S6: Online tutorials.



	
Ss6: Group criticism.



	
S7: Group problem-solving with the use of ICT.



	
Ss7: playful games.
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Table 14. Table of qualifications of the weekly activities developed with the use of ICT in the classroom.






Table 14. Table of qualifications of the weekly activities developed with the use of ICT in the classroom.





	Id.
	S1
	Ss1
	S2
	Ss2
	S3
	Ss3
	S4
	Ss4
	S5
	Ss5
	S6
	Ss6
	S7
	Ss7
	Prom1





	1
	5
	6
	6
	5
	8
	7
	3
	4
	9
	10
	8
	8
	7
	9
	6.8



	2
	9
	7
	8
	6
	8
	8
	7
	8
	5
	6
	10
	6
	5
	10
	7.4



	3
	7
	7
	10
	8
	5
	7
	8
	5
	5
	8
	9
	8
	6
	10
	7.4



	4
	8
	6
	5
	7
	7
	8
	6
	10
	8
	9
	9
	10
	7
	7
	7.6



	5
	7
	7
	10
	9
	8
	7
	8
	7
	5
	7
	10
	6
	7
	7
	7.5



	6
	9
	8
	10
	8
	6
	10
	8
	10
	10
	8
	5
	6
	9
	5
	8.0



	7
	5
	8
	5
	10
	8
	5
	9
	9
	6
	7
	5
	8
	7
	9
	7.2



	8
	10
	5
	2
	4
	6
	9
	7
	6
	9
	8
	4
	8
	3
	6
	6.2



	9
	7
	3
	2
	7
	2
	10
	8
	8
	2
	9
	10
	2
	5
	9
	6.0



	10
	1
	9
	7
	2
	5
	1
	7
	2
	8
	10
	6
	7
	4
	10
	5.6



	11
	8
	9
	9
	9
	8
	6
	10
	6
	8
	9
	9
	10
	10
	7
	8.4



	12
	7
	10
	6
	7
	10
	10
	10
	10
	7
	10
	7
	8
	9
	6
	8.4



	13
	6
	7
	8
	6
	9
	6
	10
	10
	9
	10
	9
	8
	9
	8
	8.2



	14
	7
	10
	7
	8
	10
	6
	10
	6
	10
	7
	6
	7
	9
	8
	7.9



	15
	8
	8
	7
	7
	7
	10
	8
	8
	10
	6
	7
	7
	10
	6
	7.8



	16
	6
	6
	8
	9
	9
	8
	9
	8
	10
	8
	8
	6
	7
	8
	7.9



	17
	6
	6
	8
	6
	8
	7
	8
	8
	7
	10
	6
	9
	6
	8
	7.4



	18
	10
	5
	5
	7
	9
	6
	1
	9
	3
	8
	9
	2
	9
	2
	6.1



	19
	10
	5
	4
	4
	6
	6
	6
	9
	9
	9
	6
	6
	5
	5
	6.4



	20
	9
	10
	6
	10
	6
	9
	6
	10
	8
	7
	7
	6
	8
	10
	8.0



	21
	9
	10
	7
	10
	6
	7
	6
	9
	7
	10
	7
	7
	6
	7
	7.7



	22
	10
	7
	7
	9
	9
	8
	6
	9
	9
	6
	10
	7
	6
	7
	7.9



	23
	8
	6
	10
	9
	6
	9
	6
	6
	9
	8
	6
	7
	8
	9
	7.6



	24
	9
	6
	6
	9
	9
	10
	10
	6
	7
	9
	9
	10
	8
	8
	8.3



	25
	7
	7
	6
	6
	6
	9
	8
	6
	8
	8
	10
	7
	10
	8
	7.6



	26
	5
	5
	2
	2
	4
	4
	2
	3
	1
	6
	10
	4
	10
	2
	4.3



	27
	9
	9
	7
	8
	10
	8
	7
	10
	7
	7
	7
	9
	8
	9
	8.2



	28
	9
	7
	10
	9
	7
	9
	7
	8
	10
	10
	10
	9
	7
	7
	8.5



	29
	10
	7
	7
	8
	7
	9
	9
	10
	8
	7
	7
	9
	7
	7
	8.0



	30
	4
	4
	10
	10
	8
	5
	1
	3
	9
	10
	7
	9
	3
	2
	6.1



	31
	10
	4
	6
	1
	3
	5
	9
	8
	9
	7
	3
	7
	3
	10
	6.1



	32
	8
	10
	7
	9
	10
	9
	7
	8
	7
	6
	10
	9
	8
	10
	8.4



	33
	8
	5
	10
	9
	10
	5
	6
	1
	6
	3
	10
	2
	9
	1
	6.1



	34
	2
	8
	5
	9
	6
	7
	8
	7
	9
	10
	7
	6
	10
	9
	7.4



	35
	5
	4
	5
	2
	3
	7
	9
	10
	8
	2
	4
	3
	6
	4
	5.1



	36
	7
	6
	7
	9
	2
	9
	5
	4
	3
	2
	5
	10
	4
	9
	5.9



	37
	9
	2
	10
	8
	2
	1
	8
	10
	5
	9
	7
	1
	6
	9
	6.2



	38
	10
	7
	5
	6
	8
	4
	7
	1
	7
	1
	1
	1
	6
	8
	5.1



	T > 5
	31
	28
	28
	31
	30
	30
	33
	30
	30
	34
	31
	31
	31
	31
	33








According to the results shown in the table, 33 students of the 38 considered have exceeded the average of 6, this being the minimum basis considered to pass the subject. The 33 students represent 87% of the course, this is a value that opens the possibility of greater implementation of ICT in other cohorts, however, it is necessary to make the comparison with the data from parallel “B”. Table 15 presents the data recorded by the students of this parallel, formatted the same as the previous table. In this group, there are data from 37 records, and in the Avg. column, the average of each student is observed, and in the row T > 5 the qualifications that exceed the minimum of “6” in each activity are observed. It is worth emphasizing that the activities are carried out in a traditional way, for example, classroom evaluations, class participation, lessons, development of workbooks, etc. In a quick review, it is possible to observe that the grades are lower than the parallel that uses ICT for their academic development. In addition, there are 25 students who exceed the score of “6” in the general average, which means 68% of the course would pass the subject without accessing additional resources such as supplementary exams.



In Figure 4, the comparison of results is presented based on the averages of each parallel during the first progress given for seven weeks where 14 activities are developed. The orange trend line represents the trend of parallel “A” (ICT use), and the blue color corresponds to parallel “B”. As the main results, it is observed that the trend line in parallel “A” is more harmonious in most weeks, even when, in the activities of weeks 6 and 7, the ratings tend to go down; however, this is something that happens in both groups, and may be because each activity has an increasing value about the difficulty in its development because they are activities that require a cumulative knowledge of the subject. In addition, the two trend lines follow a certain relationship in some weeks, that is, there are topics in which the two groups present an increase in their ratings and a decrease in others. However, we must consider that the grade point average is always better in the use of ICT.




3.2.3. Decision on the Use of ICT in the Classroom


According to the results obtained in the comparison of the average grades of the evaluated groups, it is possible to determine that the use of ICT in the classroom is important to improve learning. In addition, from the comparative data of the qualifications, the data of the survey carried out has been considered, where most students consider that the use of ICT in the classroom is something that must happen in a close instance. However, to do so, higher education institutions must consider all the concerns and needs of students.






4. Discussion


The results obtained in this work allow us to identify clear parameters of the students’ feelings about the use of ICT in the classroom. However, to guarantee an adequate migration towards the use of ICT, it is necessary to create an environment of opportunities both for the use of technological infrastructures and tools, as well as a predisposition woards their use, by students and teachers. Several similar works focus their method on the implementation of ICT in educational environments, without knowing exactly what user acceptance is [41,42,43]. This can cause inconvenience in its use or extremely long processes for the adaptation of the population to technologies, which represents a greater consumption of resources, both economic and technological [33]. In this work, these variables have been considered and a first process has been carried out where the method can obtain relevant information on the student’s feelings about ICT.



In the second stage of the method and the results obtained, we have found results that we expected and others that we did not. This is the case of the grades with the use of ICT; it was expected that the grades of parallel “A” would be higher than those of parallel “B”, since being activities aligned with active learning, these are usually motivating. for the student, and even the time dedicated increases considerably to the development of traditional activities. This has been fulfilled and there is a relatively high percentage in the purchased group, and it has even been identified that the average performance is higher than courses from other cohorts. One of the unexpected results is that there is a certain relationship in the trend lines of the evaluated groups. This is identified in Figure 4, where it is observed that there are weeks where the ratings go down or up in a similar way, which leads us to consider that the use of analysis tools with greater scope, such as data mining, is necessary. By applying these tools and algorithms, it is possible to identify patterns in the data that lead to understanding the reasons why, in certain weeks, the performance exceeded or was not as expected. By generating an analysis with greater granularity, it is possible to improve the methodology, the activities, or how the learning resources of said weeks are presented.



The lack of a granular analysis in this work can be considered a weakness and leads the authors to think about the application of a business intelligence (BI) model in the educational data of the institute that participates in this study [25]. The inclusion of a BI will allow the establishment of a process capable of capturing data from a wide variety of academic sources to include a greater volume of data in the analysis and generate knowledge of these. By obtaining knowledge about each student’s needs, it is possible to create processes that are not focused on a single activity or a period, and the BI will allow decisions to be made based on projections and simulations where the focus is, improve education and even personalize it depending on of the needs identified in the students [11,21].



The results obtained will allow the quality managers and teachers at the technological institute of higher education that participated in this study to identify the factors that affect learning and act so that the change between modalities is optimal and aligned with the needs of the students. Currently, there are several works that make a significant contribution to the curricular part of each educational model. The proposals and research carried out cover new methods in the classroom such as project-based learning, the flipped classroom, cooperative learning, gamification, etc. However, these methodologies, which are excellent at the learning level, have been applied more frequently in online education [28]. Its effectiveness has been proven in these models and all students are aligned under the same methodology. It is in this aspect that our work interprets the most important difference, since we work from a point in which ICT are a fundamental part of learning in the face-to-face modality that has its own characteristics and resources.



In works that studied the use of ICT in education during the time of isolation due to the pandemic, there is an analysis process in which the factors that influence learning when using ICT as educational assistants are identified. However, the execution environment of these works does not fit our approach. Since, in most educational institutions, they based the use of technologies on establishing a model of remote education. In many cases, the face-to-face educational method was maintained, and ICT simply served as a communication channel or platform Our work is based on the teaching acquired in the pandemic and proposes a mechanism for integrating ICTs in education. However, this proposal is based on including technologies considering the acceptance of their use by the student and guaranteeing an assertive inclusion that does not negatively affect learning and even improves it.




5. Conclusions


The proposed work addresses a reality in education in Ecuador, where people see higher technological institutes as an opportunity to continue their studies. However, for these, there must be migration plans for the use of ICT in the classroom in an adequate way, preserving resources and guaranteeing that these become beneficial for students. According to the results obtained, it has been identified that there is a predominant group that likes this educational model, this group of students being between 40–50 and 50–60 years old. The age factor is something that all departments must work on comprehensively and create training plans in the management and use of ICT. In addition, it will be necessary to include in the tasks of the technology and research departments, the analysis of accessibility and usability of platforms and educational web pages that are included as learning resources.



Even though the method has been developed in two stages, where the first is strictly focused on determining the validity of the use of surveys, considering that currently its use is exploited in all areas to determine the feeling of people towards a product or service, it is important to generate granular analysis models that allow the identification of the incidence values of each question, as the proposed method has shown. The second stage comprehensively evaluates the performance of a cohort of students, made up of two groups. The first use ICT for their academic development and the other group does it traditionally. The results obtained determine that the inclusion of ICT in the classroom is necessary since it improves the academic performance of the study group. Moreover, this opens the possibility of the implementation of analysis models with better characteristics that allow generating knowledge about the data and making decisions that guarantee learning. These topics become future works for the authors, where the complete integration of ICT in the classroom is sought with the use of emerging technologies such as big data and artificial intelligence that focus on creating environments where the student is the main axis of knowledge and ICT become ideal assistants in the generation of knowledge.
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Figure 1. Flowchart on the process for survey validity analysis. 
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Figure 2. Flow chart for data analysis of two groups of students, one with the integration of ICT in the classroom and the other with traditional learning. 






Figure 2. Flow chart for data analysis of two groups of students, one with the integration of ICT in the classroom and the other with traditional learning.



[image: Computers 11 00112 g002]







[image: Computers 11 00112 g003 550] 





Figure 3. Representation of results obtained from a survey on the use of ICT in the classroom; (a) description of the results of the conception that students have about the importance of the use of ICT in education; (b) description of the results obtained from the students’ feeling about the dangers caused using ICT in education. 
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Figure 4. Comparison of academic performance, with the integration of data from parallel “A” vs. parallel “B”. 
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Table 1. Example of answers obtained in a traditional survey.
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	Id
	Question 1
	Question 2
	Question 3
	Question 4
	Question 5
	Question 6
	Question 7





	1
	Between, 40–50
	Very difficult
	Bass
	Never
	Any
	I have
	False information



	2
	Between, 20–30
	Very difficult
	Medium
	Ever
	Little bit
	Limited
	Exposure



	3
	Between, 40–50
	Easy
	Bass
	Always
	Something
	Some
	Exposition



	4
	Between, 50–60
	Hard
	Tall
	Never
	Something
	I have
	Risk



	5
	Between, 50–60
	Hard
	Medium
	Ever
	Any
	Limited
	False information
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Table 2. Example of the survey data transformed for the analysis of the validity of the instrument.
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	Id
	Question 1
	Question 2
	Question 3
	Question 4
	Question 5
	Question 6
	Question 7





	1
	2
	1
	2
	1
	1
	4
	1



	2
	1
	1
	3
	2
	2
	2
	2



	3
	2
	4
	2
	5
	3
	3
	2



	4
	3
	2
	5
	1
	3
	4
	4



	5
	3
	2
	4
	2
	1
	2
	1
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Table 3. Example of a correlation matrix indicating the connection coefficients between the factors.
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	Element 1
	Element 2





	Correlation
	Element 2
	0.903
	



	
	Element 3
	0.867
	0.864
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Table 4. Example of the KMO and Bartlett values that contrast the partial correlations between the variables.
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Kaiser-Meyer-Olkin Measure of Sampling Adequacy

	
0.724






	
Barttlet’s Test of Sphericity

	
Approx. Chi-Square

	
2075.310




	

	
df

	
21




	

	
Sig.

	
0.000
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Table 5. Percentage of explained variance.






Table 5. Percentage of explained variance.





	

	
Initial Eigenvalues

	
Extraction Sums of Squared Loading




	
Component

	
Total

	
% of Variance

	
Cumulative %

	
Total

	
% of Variance

	
Cumulate %






	
1

	
1.067

	
26.670

	
26.670

	
1.067

	
26.670

	
26.670




	
2

	
0.998

	
24.954

	
51.624

	

	

	




	
3

	
0.990

	
24.757

	
76.380

	

	

	




	
4

	
0.945

	
23.620

	
100.000

	

	

	








Extraction Method: Principal Component Analysis.













[image: Table] 





Table 6. Breakdown of number of people by age range, by gender and presentation of totals.
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	Gender
	Number of People





	Men
	31



	20 years to 30 years
	2



	30 years to 40 years
	3



	40 years to 50 years
	14



	50 years to 60 years
	11



	60 years and over
	1



	Woman
	40



	20 years to 30 years
	4



	30 years to 40 years
	1



	40 years to 50 years
	24



	50 years to 60 years
	9



	60 years and over
	2



	Total
	71
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Table 8. Presentation of the first 25 rows and 13 columns with the transformation of data from text to values.
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	Q1
	Q2
	Q3
	Q4
	Q5
	Q6
	Q7
	Q8
	Q9
	Q10
	Q11
	Q12
	Q13





	Woman
	3
	Yes
	2
	5
	5
	Yes
	1
	2
	2
	5
	Yes
	Yes



	Men
	3
	Yes
	5
	5
	5
	Yes
	4
	1
	5
	5
	No
	Yes



	Woman
	1
	Yes
	4
	5
	4
	Yes
	3
	3
	5
	5
	Yes
	Yes



	Woman
	1
	Yes
	4
	5
	5
	Yes
	2
	3
	2
	5
	Yes
	Yes



	Woman
	4
	Yes
	5
	5
	3
	Yes
	1
	4
	2
	3
	Yes
	Yes



	Woman
	1
	Yes
	4
	5
	4
	Yes
	5
	5
	5
	5
	Yes
	Yes



	Men
	3
	Yes
	5
	5
	5
	Yes
	5
	5
	5
	5
	Yes
	Yes



	Woman
	4
	Yes
	5
	5
	5
	Yes
	2
	4
	3
	4
	No
	Yes



	Men
	2
	Yes
	4
	2
	5
	Yes
	5
	5
	5
	4
	No
	Yes



	Men
	1
	Yes
	4
	5
	5
	Yes
	2
	1
	5
	4
	Yes
	Yes



	Woman
	3
	Yes
	4
	5
	5
	Yes
	5
	4
	5
	5
	Yes
	Yes



	Woman
	3
	Yes
	4
	5
	5
	Yes
	3
	2
	2
	3
	No
	Yes



	Woman
	1
	Yes
	4
	2
	3
	Yes
	2
	4
	5
	4
	Yes
	Yes



	Men
	3
	Yes
	2
	5
	5
	Yes
	1
	3
	1
	1
	No
	Yes



	Woman
	3
	Yes
	4
	2
	4
	Yes
	3
	3
	2
	4
	Yes
	Yes



	Men
	2
	Yes
	5
	5
	5
	Yes
	3
	1
	3
	4
	Yes
	Yes



	Woman
	3
	Yes
	5
	5
	5
	Yes
	5
	1
	5
	3
	Yes
	Yes



	Men
	3
	Yes
	4
	2
	5
	Yes
	3
	4
	4
	2
	Yes
	Yes



	Men
	1
	Yes
	5
	5
	5
	Yes
	3
	3
	5
	5
	Yes
	Yes



	Woman
	4
	Yes
	5
	5
	5
	Yes
	5
	3
	5
	3
	Yes
	No



	Woman
	3
	Yes
	2
	5
	3
	Yes
	1
	1
	5
	4
	No
	Yes



	Woman
	3
	Yes
	4
	2
	3
	Yes
	3
	1
	2
	5
	Yes
	Yes



	Men
	3
	Yes
	4
	5
	3
	Yes
	3
	3
	5
	5
	No
	Yes



	Men
	3
	Yes
	2
	2
	4
	Yes
	5
	3
	4
	4
	Yes
	Yes



	Woman
	4
	Yes
	2
	5
	5
	Yes
	1
	2
	5
	3
	Yes
	Yes
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Table 9. KMO values to determine the validity of the survey.
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	Kaiser–Meyer–Olkin Measure of Sampling Adequacy.
	
	0.712



	Bartlett’s Test of Sphericity
	Approx. Chi-Square
	124.514



	
	df
	28



	
	Sig.
	0.000
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Table 10. Anti-image matrix that identifies the covariance and correlation values for each question.
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Q2

	
Q4

	
Q5

	
Q6

	
Q8

	
Q9

	
Q10

	
Q11






	
Anti-image Covariance

	
Q2

	
0.646

	
0.152

	
−0.019

	
−0.019

	
−0.080

	
−0.001

	
0.231

	
0.197




	
Q4

	
0.152

	
0.492

	
−0.201

	
−0.053

	
−0.203

	
−0.099

	
0.011

	
−0.064




	
Q5

	
−0.019

	
−0.201

	
0.597

	
−0.232

	
0.108

	
0.145

	
−0.056

	
−0.131




	
Q6

	
−0.019

	
−0.053

	
−0.232

	
0.766

	
−0.053

	
−0.044

	
−0.031

	
0.006




	
Q8

	
−0.080

	
−0.203

	
0.108

	
−0.053

	
0.631

	
−0.068

	
−0.220

	
−0.128




	
Q9

	
−0.001

	
−0.099

	
0.145

	
−0.044

	
−0.068

	
0.900

	
−0.065

	
0.009




	
Q10

	
0.231

	
0.011

	
−0.056

	
−0.031

	
−0.220

	
−0.065

	
0.694

	
0.088




	
Q11

	
0.197

	
−0.064

	
−0.131

	
0.006

	
−0.128

	
0.009

	
0.088

	
0.697




	
Anti-image Co-relation

	
Q2

	
0.708 a

	
0.269

	
−0.030

	
−0.027

	
−0.125

	
−0.001

	
0.346

	
0.294




	
Q4

	
0.269

	
0.747 a

	
−0.370

	
−0.086

	
−0.365

	
−0.149

	
0.019

	
−0.109




	
Q6

	
−0.030

	
−0.370

	
0.654 a

	
−0.343

	
0.176

	
0.198

	
−0.086

	
−0.202




	
Q8

	
−0.027

	
−0.086

	
−0.343

	
0.775 a

	
−0.076

	
−0.053

	
−0.043

	
0.008




	
Q9

	
−0.125

	
−0.365

	
0.176

	
−0.076

	
0.669 a

	
−0.090

	
−0.332

	
−0.193




	
Q10

	
−0.001

	
−0.149

	
0.198

	
−0.053

	
−0.090

	
0.623 a

	
−0.082

	
0.011




	
Q11

	
0.346

	
0.019

	
−0.086

	
−0.043

	
−0.332

	
−0.082

	
0.692 a

	
0.126








a Measures of Sampling Adequacy (MSA).
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Table 11. Calculation of communalities, a sum of the squared factorial weights in each of the rows.
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	Initial
	Extraction





	Q2
	1.000
	0.445



	Q4
	1.000
	0.663



	Q5
	1.000
	0.719



	Q6
	1.000
	0.424



	Q8
	1.000
	0.557



	Q9
	1.000
	0.503



	Q10
	1.000
	0.497



	Q11
	1.000
	0.437
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Table 12. Calculation of the total explained variance with two components in an accumulated percentage of 53.045%.
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Initial Eigenvalues

	
Extraction Sums of Squared Loadings

	
Rotation Sums of Squared Loadings




	
Component

	
Total

	
% of Variance

	
Cumulative %

	
Total

	
% of Variance

	
Cumulate %

	
Total

	
% of Variance

	
Cumulate %






	
1

	
2.981

	
37.267

	
37.267

	
2.981

	
37.267

	
37.267

	
2.292

	
28.652

	
28.652




	
2

	
1.262

	
15.778

	
53.045

	
1.262

	
15.778

	
53.045

	
1.951

	
24.394

	
53.045




	
3

	
0.931

	
11.640

	
64.685

	

	

	

	

	

	




	
4

	
0.801

	
10.016

	
74.701

	

	

	

	

	

	




	
5

	
0.709

	
8.861

	
83.562

	

	

	

	

	

	




	
6

	
0.538

	
6.723

	
90.285

	

	

	

	

	

	




	
7

	
0.475

	
5.932

	
96.217

	

	

	

	

	

	




	
8

	
0.303

	
3.783

	
100.000

	

	

	

	

	

	








Extraction Method: Principal Component Analysis.
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Table 13. Matrix of rotated components to obtain values for each question and its incidence per component.
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Component




	

	
1

	
2






	
Q2

	
−0.448

	
−0.494




	
Q4

	
0.650

	
0.490




	
Q5

	
0.846

	
−0.057




	
Q6

	
0.650

	
0.044




	
Q8

	
0.248

	
0.704




	
Q9

	
−0.248

	
0.664




	
Q10

	
0.219

	
0.670




	
Q11

	
0.600

	
0.277








Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization.
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Table 15. Table of qualifications of the weekly activities developed in a model of traditional education.
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	Id.
	S1
	Ss1
	S2
	Ss2
	S3
	Ss3
	S4
	Ss4
	S5
	Ss5
	S6
	Ss6
	S7
	Ss7
	Prom1





	1
	10
	10
	4
	3
	10
	10
	5
	7
	6
	6
	4
	5
	10
	9
	7.1



	2
	7
	7
	1
	4
	5
	8
	4
	8
	7
	2
	4
	9
	6
	10
	5.9



	3
	4
	2
	5
	10
	8
	6
	2
	4
	2
	6
	10
	1
	1
	2
	4.5



	4
	5
	8
	8
	7
	9
	6
	10
	10
	6
	9
	8
	10
	7
	8
	7.9



	5
	5
	9
	3
	6
	7
	9
	9
	10
	2
	3
	10
	8
	9
	8
	7.0



	6
	1
	2
	5
	9
	10
	9
	4
	3
	1
	9
	1
	7
	8
	7
	5.4



	7
	8
	4
	10
	7
	4
	6
	3
	7
	2
	7
	7
	6
	5
	1
	5.5



	8
	8
	10
	6
	9
	8
	7
	8
	9
	10
	10
	7
	10
	9
	10
	8.6



	9
	5
	9
	9
	8
	1
	3
	9
	3
	3
	3
	9
	9
	2
	9
	5.9



	10
	4
	8
	6
	10
	5
	9
	7
	4
	8
	7
	8
	9
	6
	8
	7.1



	11
	8
	10
	4
	10
	10
	4
	9
	5
	6
	10
	5
	4
	7
	8
	7.1



	12
	5
	7
	10
	4
	6
	8
	5
	9
	8
	9
	9
	9
	8
	6
	7.4



	13
	9
	8
	9
	4
	8
	10
	6
	5
	9
	8
	6
	8
	8
	4
	7.3



	14
	9
	7
	6
	8
	7
	9
	6
	5
	5
	6
	9
	9
	7
	5
	7.0



	15
	5
	6
	8
	5
	8
	9
	9
	6
	4
	10
	5
	6
	4
	10
	6.8



	16
	7
	6
	4
	8
	6
	6
	4
	4
	5
	6
	10
	9
	8
	6
	6.4



	17
	7
	5
	5
	8
	8
	7
	10
	8
	9
	4
	5
	9
	5
	5
	6.8



	18
	9
	4
	10
	7
	5
	8
	10
	5
	4
	7
	4
	5
	4
	7
	6.4



	19
	10
	10
	8
	6
	4
	5
	10
	5
	10
	6
	6
	10
	10
	8
	7.7



	20
	2
	9
	5
	2
	2
	4
	10
	6
	4
	4
	7
	6
	2
	10
	5.2



	21
	6
	8
	6
	6
	4
	1
	4
	9
	7
	5
	7
	1
	1
	2
	4.8



	22
	6
	2
	7
	8
	5
	9
	4
	6
	3
	10
	5
	9
	5
	3
	5.9



	23
	9
	10
	7
	9
	8
	6
	4
	7
	7
	10
	9
	8
	10
	8
	8.0



	24
	8
	3
	8
	8
	10
	5
	8
	2
	9
	6
	5
	1
	3
	2
	5.6



	25
	6
	9
	10
	9
	5
	10
	6
	10
	8
	6
	6
	6
	9
	6
	7.6



	26
	9
	6
	10
	10
	6
	5
	10
	6
	7
	8
	10
	7
	6
	5
	7.5



	27
	10
	5
	10
	7
	7
	10
	10
	10
	9
	7
	7
	5
	7
	10
	8.1



	28
	10
	9
	6
	6
	5
	10
	9
	10
	7
	5
	7
	10
	9
	6
	7.8



	29
	5
	10
	5
	6
	7
	5
	6
	7
	5
	10
	6
	5
	10
	8
	6.8



	30
	8
	9
	9
	8
	6
	8
	10
	5
	8
	8
	10
	8
	7
	5
	7.8



	31
	9
	7
	6
	9
	5
	10
	6
	9
	7
	10
	7
	9
	9
	9
	8.0



	32
	7
	7
	10
	10
	10
	9
	7
	5
	9
	9
	6
	8
	10
	5
	8.0



	33
	8
	6
	5
	7
	7
	5
	8
	5
	10
	6
	5
	9
	7
	7
	6.8



	34
	6
	10
	1
	3
	3
	5
	2
	6
	5
	6
	4
	5
	3
	3
	4.4



	35
	6
	7
	6
	3
	8
	3
	4
	8
	6
	5
	1
	8
	10
	6
	5.8



	36
	5
	9
	7
	8
	7
	4
	8
	9
	8
	8
	8
	10
	8
	9
	7.7



	37
	2
	2
	4
	10
	2
	9
	3
	6
	10
	7
	1
	5
	8
	10
	5.6



	T > 5
	25
	28
	24
	29
	23
	25
	24
	23
	24
	29
	24
	27
	26
	25
	25
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