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Abstract

:

Educational technology is achieving great potential in the formative processes of today’s society. Flipped learning is considered as a pedagogical innovation derived from the technological influence in learning spaces. The general objective of the research is to analyze the effectiveness of flipped learning on a traditional teaching and learning approach in the subject of Mathematics. To achieve this objective, an experimental design of a descriptive and correlational type has been followed through a quantitative research method. Two study groups have been set up. In the control group, the contents have been imparted from a traditional perspective, and in the experimental group, innovation has been applied through the use of flipped learning. The sample of participants has been chosen by means of intentional sampling and reached the figure of 60 students in the 4th year of Secondary Education at an educational center in Ceuta (Spain). A questionnaire has been used for data collection. The results reflect that the application of flipped learning has obtained better assessment in established attitudinal and mathematical indicators. It is concluded that with the use of flipped learning, motivation and skills are increased in the analysis and representation of graphs.
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1. Introduction


Today, teaching is witnessing a period of transformation motivated by technological inclusion. This transformation has materialized at all levels and areas [1,2]. Consequently, the appearance of new ways of teaching [3] and new means of learning in students [4] have been encouraged in teachers. However, this transformation is often too slow, causing the educational action that takes place in the classroom to not be adapted to the context in which it develops. This is caused by the non-appearance of innovative actions, which require the use of new methodologies and the implementation of new pedagogical tendencies that allow for the reversal of the spaces, times, and actions of traditional education [5].



At the forefront of innovative pedagogical trends is flipped learning [6]. This instructional methodology is characterized by being an alternative in educational practice, where the use of information and communication technology (ICT) [7] stands out, investing in the roles of the learning process and giving leadership to students [8,9]. A relevant aspect is the importance that this innovative approach has assumed in the brief temporal space it has in the field of education [10,11].



Flipped learning is the result of the work of two specialists in the field such as Aaron Sams and Jonathan Bergmann, who in 2012, were able to develop online audiovisual teaching material so that students who could not attend classrooms regularly could still participate regardless of factors such as place and time [12]. The evolution of this pedagogical trend has been remarkable [13]. In this sense, flipped learning has many followers around the world. This methodology is carried out by thousands of teachers in their classrooms and has obtained the confidence of many pedagogues for its effectiveness in the development of educational processes and for the achievement of objectives [14,15,16].



At the educational level, flipped learning is considered a mixed process that involves both online teaching and face-to-face teaching [17]. This involves an exchange of roles between educational agents. The teacher goes from being the protagonist to being in charge of guiding and guiding the student’s instructional process through both face-to-face and virtual tutoring of the students, and also becomes the creator of audiovisual teaching materials [18,19]. This methodology requires turning around the daily didactic processes to which we are accustomed, that is, with flipped learning, the student visualizes and assimilates the contents in their home or in any place and medium that allows them to access audiovisual resources before going to school [20]. Therefore, students acquire content knowledge through instructional materials prepared by teachers through multimedia resources (i.e., videos, simulations, activities, online lectures) provided on a digital platform [21]. This technology platform and online learning environment in flipped instruction allows students the affordance of additional time and space to practice, deepen content knowledge, and apply problem solving beyond the face-to-face in-class learning environment [22,23,24,25].



This technopedagogical approach focuses its main action on reversing the spatiotemporal factor and the way in which the educational action takes place [26,27]. On the one hand, the face-to-face teaching period is invested in performing participatory practices and dynamics of collective work that relate to the theory that has previously worked for students into virtual environments [28,29]. This means a greater use of the face-to-face session [30] and greater interaction and collaboration between all the agents involved in the instructional process [31,32,33]. This results in greater student participation [34] and in better resolution of problems [35,36]. In addition, it gives the main role of all learning to the student, becoming the leading figure of all educational action. This promotes their autonomy, planning, and decision-making about their instructional period [37,38].



This innovative methodology makes it easier for students to access the contents of the subject that is the object of study from any device with internet access [39]. This promotes individualized learning adapted to the needs of each student. With flipped learning, educational support actions are promoted at any time the student requires. Students can access the digital platform and visualize audiovisual materials infinitely until the contents are assimilated [7]. This encourages learning facilitated by technology that has an effect on increasing motivation. Not only does ICT enhance motivation, they also produce the new active role of protagonist for the student, and the change in the daily routine of the student, who is no longer a simple receiver of information, increases the available time for practical tasks, collaboration, and teamwork to solve problems in the classroom [40,41]. All these described benefits and actions for the condition for results of the grades obtained by students that are increased with this innovative methodology due to all the previous work that was done [42,43].



Flipped learning has become a fundamental approach for the development of good teaching action based on the technopedagogical use of ICT [44]. This innovation takes into account the characteristics of current education [45], and thanks to its formative investment with respect to traditional approaches [46], it manages to generate unique and innovative experiences for its own learning of the digital era [47]. All this improves the search and achievement of quality indicators in the instructional action [48]. Therefore, the effect caused by flipped learning in the various academic indicators is superior to that achieved by traditional methods [49,50].



This study focuses on the optimization of learning in Mathematics, an area of knowledge in which the inclusion of innovative practices is essential. The formative success lies in using innovation as a starting point for new educational experiences with Mathematics, that is, redefining the way of teaching and learning [51]. ICT assists students in learning Mathematics in a more effective way, by improving certain aspects such as understanding, autonomy, meaningful learning, and the acquisition of skills [52].



Studies carried out to date on the state of the matter show that teachers who have been able to implement flipped learning in their teaching practice in Mathematics have obtained high indicators of success in students, especially with regard to motivation [53,54]. The literature states that it is more effective to learn mathematics through multimedia content than through traditional practices [55,56]. Similarly, it has been reported that students have a better attitude and better performance with this innovative methodology [57], better self-regulation and learning achievements [58], a greater use of session time [59], greater collaboration with other students [60], and relevant adaptation to their individual needs [61]. In short, all this entails an improvement in student participation, performance, and grades [62,63,64].



The literature reveals studies that promote the teaching and learning of Mathematics through new technologies in order to facilitate the innovation process in an ancestral subject. In addition, it has been reported that the application of ICT in Mathematics has already been carried out at different levels and educational stages [65,66].



Studies similar to the one presented in this work used flipped learning in Mathematics to analyze their effectiveness, finding relevant improvements in the teaching and learning process [61,67,68,69].



However, in the present study, other variables have also been considered that have not been studied specifically in previous research in order to fill the existing literary gap in the learning of mathematics contents through technopedagogical approaches. Therefore, this research reaches an exploratory component to try to solve the literary deficiencies in this field of knowledge.



Justification and Research Questions



The technological peculiarities of contemporary society entail an update and renewal of the teaching practice carried out in the learning spaces [2]. Specifically, the Mathematics subject –due to its nature and long career throughout the history of education– demands innovative pedagogical action with the purpose of improving academic indicators related to the subject itself and the attitude of the students [70,71].



Based on these requirements, in this study, an experiment was developed through the use of the flipped learning methodological approach during the daily course of Mathematics classes. This innovative implementation aims to adapt the teaching and learning processes to the new challenges, resources, and teaching tools that have emerged as a result of the technological boom [72].



Two prominent premises in the use of flipped learning linked to the effectiveness of the instructional process are the characteristics of the students [18] and their educational stage [73], which will largely determine the results achieved.



The present study intends to confirm the effectiveness that flipped learning has obtained in the field of educational research as reported in the recent impact literature [7,11,13,49,50,73,74,75]. This effectiveness has been contrasted with the classical and expository methods of knowledge transmission, where the teacher reproduces the contents unilaterally without encouraging the exchange of knowledge and interaction with students [76].



The experimentation has been carried out at the last level of the Secondary Education stage, justified in the great use and familiarization that students have at that age [77] in such a way that there is error bias in the management of resources and technological means.



For all the above, the main problem of this research is to know if flipped learning is effective in Mathematics compared to the performance of a traditional praxis in Secondary Education. Following this problem, the following research questions (RQ) are established:




	
RQ1: Does the instructional modality include motivation, autonomy, collaboration, participation, problem solving, and class time?



	
RQ2: Does the instructional modality in the knowledge of scientific language and mathematical concepts?



	
RQ3: Does the instructional modality affect the use of data and scientific processes?



	
RQ4: Does the instructional modality in the analysis and representation of graphs?



	
RQ5: Does the instructional modality affect the interpretation and reflection of results?



	
RQ6: Does the instructional modality affect the decision-making process of the students?



	
RQ7: Does the instructional modality include the qualification obtained in the evaluation tests?









2. Materials and Methods


2.1. Research Design and Data Analysis


The research process was carried out through an experimental design of a descriptive and correlational type from a quantitative perspective according to the indications of the experts [78,79]. It has delimited two groups of analysis in the experimentation. On the one hand, the control group that has followed a traditional methodology and, on the other, the experimental group that has used flipped learning to deliver the contents. This defines, as an independent variable, the type of methodology, and as a dependent variable, the effectiveness obtained in the different indicators to be evaluated.



Statistical treatment has been carried out with the Statistical Package for the Social Sciences (SPSS) v24 program. In the data analysis, basic statistics such as the mean (M) and standard deviation (SD) have been used. The Fisher’s skewness (Skew) and Pearson’s kurtosis (Kurt) has been used to determine the distribution trend of the collected data. The comparison of means between the study groups was carried out using Student’s t-test, and the measurement of the size of the effect caused was obtained by Cohen’s d and the biserial correlation (r). Likewise, p < 0.05 has been established as a statistically significant difference.




2.2. Participants


A total of 60 secondary school students participated in the study. In impact studies, it has been shown that the sample size in this type of research does not precondition the performance of these experiments [80,81].



The students have been chosen through an intentional sampling carried out in an educational center of the Autonomous City of Ceuta (Spain), justified in the easy access to the students. This specific contextualization with its social, geographical, and multicultural characteristics [82,83] allows obtaining new results compared to previous research on the state of the matter.



Specifically, the sample of students is selected from the 4th year of Secondary Education (n = 60; MAGE = 16 years; SD = 1.34). The configuration of the control and experimental groups is established in Table 1.




2.3. Instrument


An ad hoc questionnaire has been the instrument used in the data collection process. This tool has been designed following other validated instruments obtained from the scientific literature [73,84,85]. The prepared questionnaire presents 42 items (see Table S1). These questions are divided between the Socioeducational, Attitudinal, and Mathematical dimensions. In the configuration of the items, a Likert scale has been followed with a range of four points (from 1 = None to 4 = Completely).



The validation process of the generated instrument has been carried out at a qualitative and quantitative level. First, a Delphi method for qualitative validity has been carried out. This technique has involved 10 experts in educational technology in the field of mathematics at various universities. The assessment of the questionnaire by these specialists was positive (M = 4.87; SD = 0.21; min = 1; max = 6). In addition, experts developed recommendations to improve the optimization of the instrument:




	
Unify certain items to reduce their volume.



	
Improve the writing of some issues.



	
Establish new items proposed to favor the measurement of some variables.








In this feedback, the Kappa of Fleiss and W of Kendall were applied to obtain the indices of concordance and relevance of the observations given, whose results were adequate (K = 0.85; W = 0.84). Next, quantitative validation was initiated by an exploratory factor analysis by the principal component method with varimax rotation. In the tests performed, dependence between the delimited variables was determined (Bartlett’s test of sphericity = 2538.17; p < 0.001) and a relevant adequacy of the sample (Kaiser–Meyer–Olkin = 0.86).



In addition, other statistics were used to measure the reliability of the questionnaire such as Cronbach’s alpha (α) (0.88), compound reliability (0.86), and mean variance extracted (0.83), reaching values that confirm the reliability of the developed instrument.




2.4. Procedure


The research has been developed in different phases. First, there was the design and validation of the questionnaire to measure the different established variables. Then, the study participants were chosen through the collaboration and proximity of the researchers with the Mathematics Department of the educational center. Next, the students were randomly grouped into the two analysis groups. Due to the characteristics of the educational center that has two groups (A–B) at each level, a raffle was held to determine what the control and the experimental one was going to be. The result configured group A as a control and group B as experimental. To develop the experimentation, the teacher (a researcher of this study who teaches at the school) gave a teaching unit (12 sessions) to both groups but through two different methodologies (control group = traditional; experimental group = flipped learning).



The traditional pedagogical intervention was based on the teaching of the contents in an expository manner by the teacher and without using technological resources. Specifically, the function of the teacher was to impart the contents as the only resource for knowledge, using the conventional blackboard and chalk to perform exercises. The students’ role was limited only to paying attention to the teacher’s explanations, so there were interactions with the contents, and the interactions with the classmates and with the teacher were practically non-existent. Once the contents programmed for each session were explained, the students carried out individual tasks in class in their notebook to practice the contents explained by the teacher.



The innovative intervention that was carried out with flipped learning was a situational investment based on the visualization of previous audiovisual resources to promote an improvement in the acquisition of the contents in the classroom [22,24,25]. The students visualized the contents in audiovisual devices, outside the school environment, with the intention of starting the classroom with a better assimilation of the planned contents. This encouraged the use of ICT, the flipping of learning moments, and the ubiquity of the training process. With this innovative practice, the teacher devoted more time to the realization of practical exercises, resolution of doubts, and deepening of the contents because the explanation of the contents had happened outside the classroom. In addition, students continued to visualize audiovisual resources in the classroom through tablets to facilitate individualized learning adapted to the characteristics of each student. In this way, the teacher was able to devote more time and more dedication to those students who had greater difficulties in acquiring the contents.



The didactic contents taught were related to statistics, graphic representations, and problem solving. In this way, in the different sessions, the following didactic objectives were worked through: (a) to know the scientific language and concepts of statistics (sessions 1–2); (b) to understand the fundamental principles for data processing and scientific processes (sessions 3–4); (c) to acquire skills in statistical analysis and representation of graphs (sessions 5–8); (d) to assimilate skills in the interpretation and reflection of results (sessions 7–10); and (e) to develop skills for correct decision-making (sessions 11–12).



Finally, the data collection of the students was carried out using the questionnaire described above. The data obtained were analyzed in depth at the statistical level in order to answer the established research questions.





3. Results


3.1. Descriptive Analysis of the Effect of the Traditional Formative Modality on the Attitudinal and Mathematical Dimension


First, the results in Table 2 contain the scores obtained by the control group (traditional methodology) during the application of the teaching unit in the variables related to the attitudinal dimension and the Mathematical dimension. In general, the scores obtained by the students of the control group are very low. Of the twelve variables analyzed, no variable exceeded the central score (M ≥ 2.5). The variable with the highest score in the traditional methodology has been the use of time in the classroom, the ability to solve problems, and the marks obtained in the exam, despite being very low scores. The motivation of the students and the analysis/representation of graphs has reached very low values.




3.2. Descriptive Analysis of the Effect of Flipped Learning on the Attitudinal and Mathematical Dimension


The results in Table 3 contain the scores obtained by the experimental group (flipped learning) during the application of the teaching unit. The scores obtained by this group reflect an optimal effectiveness of inverted learning. Of the twelve variables analyzed, the use of flipped learning allowed them to exceed the central score (M ≥ 2.5) for eleven of the variables. The motivation of the students and analysis and representation of graphs are the most potent variables, although the other variables also have high scores. Knowledge of scientific language and mathematical concepts is the variable with the lowest score, but it is very close to the central score (M = 2.47).




3.3. Graphical Analysis of the Average Scores Obtained between Groups


On the other hand, in Figure 1, a comparison between the groups is observed by means of a graph based on the average scores obtained in the Attitudinal dimension. The average scores obtained by the students of the experimental group (flipped learning) are higher than that of the students of the control group (traditional methodology), especially in the variables related to motivation in the classroom and participation in the teaching and learning process.



Likewise, Figure 2 shows a comparison of the average scores obtained by the experimental and control group regarding the Mathematics dimension. Similar to the previous dimension, the means obtained in the Mathematical dimension by the group of flipped learning students is higher than the scores of the students of traditional methodology. The greatest differences are in the scores of the variables related to the analysis and representation of graphs, the use of data and scientific processes, and the interpretation and reflection of results.




3.4. Comparative Analysis of the Effect Caused by the Instructional Modality in the Study Groups


Student’s t-test was carried out (Table 4) to determine the value of independence between the results obtained during the application of the traditional approach and the flipped learning. As a corrective element for d (correlation force), a distinction for biserial correlation (r = [0,1]) was made between a small (r = −0.1), medium (r = −0.3), and large (r = −0.5) effect size. Likewise, it was considered a standardized value of p < 0.05 as a statistically significant difference.



It has been proven that the application of the flipped learning approach in the subject of Mathematics causes a significant improvement in several variables. The variables related to student motivation and the analysis and representation of graphs stand out above the rest. Both variables have a high association strength (r = −0.58; r = −0.55, respectively). Statistical significance has also been obtained in the variables related to student autonomy (r = −0.42), participation in the learning process (r = −0.41), and the use of data and scientific processes (r = −0.41), obtaining a medium–low association force. Finally, it highlights the collaboration with classmates (r = −0.26), interpretation and reflection of results (r = −0.28), and decision-making by students (r = −0.27) as significant variables, but with little association force. Consequently, both the Attitudinal dimension and the Mathematical dimension have obtained statistical significance, although with a medium–low association force (r = −0.34; r = −0.31, respectively).





4. Discussion


The projection that contemporary society has experienced as a result of the continuous advances in resources, means, and technological infrastructures [86] must be exported to the educational field with the purpose of improving the instructional actions that take out in the learning spaces [1]. Innovation must be approached from a pedagogical point of view, not only as a means, but as a technopedagogical resource to achieve more efficient learning in the different subjects that articulate every educational system [87].



Educational research has verified how the use of ICT is beneficial for the teaching profession [3] and encourages the achievement of significant and constructivist learning in students [4]. Recent literature on this state of the art states that educational technology acquires great value in the teaching and learning processes because of the potential it reaches [88,89,90,91]. In this sense, the use of innovative resources implies a substantial improvement of various academic variables concerning the attitude and performance of students [2].



These positive findings should serve to raise awareness among teachers about the importance of incorporating ICT in classrooms [44,45]. This precept has been the trigger that has driven the development of this research work. This study has helped to continue the research path of previous works published in impact databases [57,58,59,60,61,62,63,64]. These cited studies reveal the benefits and advantages of the use of flipped learning in Mathematics compared to more traditional teaching methods that have been taking place in this subject since the beginning of time.



The launch of this research has confirmed the supremacy of the innovative approach known as flipped learning compared to a traditional pedagogical action in Mathematics in the Secondary Education stage, as demonstrated in previous studies [49,50,55,56]. Specifically, in this study, attitudinal variables such as motivation, autonomy, collaboration, participation, problem solving, and class time have been analyzed, and specific variables related to the subject itself, such as knowledge of scientific language and mathematical concepts, the use of scientific data and processes, the analysis and representation of graphs, the interpretation and reflection of results, and appropriate decision-making in addition to the incidence of all of them in student grades.



In previous research, the use of flipped learning has resulted in obtaining positive results in the different variables presented above. By contrast, we observe that the findings have been achieved through traditional formative action, as has happened in this study. In particular, all attitudinal academic indicators such as motivation [40,41,53,54,57], autonomy [22,23,37,38,52,58], collaboration [28,29,31,32,33,60], participation [34,62,63,64], problem solving [24,25,35,36], and class time [30,59] have presented analogy with other reported studies of scientific literature, as reflected.



In the same way, all mathematical variables have been successful in the pedagogical context, except for the one concerning the knowledge of scientific language and mathematical concepts. This allows us to clarify the potential that flipped learning presents in the teaching of Mathematics. All the produced improvements are directly related to student performance and grades. These have obtained good results in the evaluation tests. However, no statistical significance has been achieved in the qualifications obtained in both methodologies. Therefore, this study cannot reveal an improvement in grades as a result of the application of flipped learning, as has been reflected in previous studies [42,43].




5. Conclusions


Flipped learning in the teaching and learning of Mathematics in Secondary Education has proven to be an effective technopedagogical approach, both in attitudinally and in the specific subject matter. Specifically, the motivation of students and the analysis and representation of graphics have been the variables with the greatest projection. The comparison between the groups at the attitudinal level has allowed us to determine that the motivation and participation of the students are the most prominent indicators with flipped learning. At the specific level of Mathematics, the analysis and representation of graphs, the use of scientific data and processes, and the interpretation and reflection of results are the variables most potentiated by the innovative methodology.



The analysis of independence performed between the study groups has obtained different levels for the strength of association. The motivation and the analysis and representation of graphs present a great strength of association. These are followed by autonomy, participation, and the use of data and scientific processes with the force of central association, and the variables with lower strength of association are collaboration, interpretation and reflection of the results, and decision-making. After the results were obtained, the research questions have been answered, leaving all—except RQ2 and RQ7—answered affirmatively. Therefore, it is concluded that the process of teaching and learning Mathematics through flipped learning turns out to be more effective, beneficial, and potentiated than a traditional approach without any use of ICT.



The presented findings favor the projection and use of flipped learning as an effective methodology against the use of traditional pedagogical actions in the subject of Mathematics. The prospective applications of this study are based on the promotion and inclusion of innovative methodologies such as flipped learning in learning spaces, with the purpose of adapting current teaching to an increasingly technological society.



Finally, the level of digital competence of teachers who used flipped learning to impart the contents was the most prominent limitation of the study. On another point, the sample size may be another limitation but for this type of study, it is considered acceptable as justified above, backed by impact studies. However, the small size of each subgroup was determined by the number of students that make up each classroom analyzed in the school. Although, due to the sample size, the results cannot be generalized to the entire population of students, and this study finds its value in the establishment of a starting point and in the opening of an exploratory window that serves to mark the direction of future related research with the effectiveness of flipped learning in Mathematics. As a future line of research, we intend to analyze the influence of digital teaching competence on student performance following a flipped learning approach.
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