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Abstract

Flipped learning and augmented reality have become two emerging didactic proposals today in the field of
education. This study analyzes the effectiveness of flipped learning and augmented reality in various dimensions
related to the learning process. A quasi-experimental design has been carried out in a sample of 116 students
from Spain, of the third level of Secondary Education. A questionnaire has been used to collect the research
data. The results show that there is a high appreciation by students of both educational experiences, although
differences in various dimensions are present. Those who have received teaching based on flipped learning
show significance in the dimensions teacher-student, autonomy, deepening and classtime. On the other hand,
those who have developed the experience with augmented reality show significance in the dimensions of
motivation, interrelation with content and students, and resolution. In conclusion, both the application of
an emerging methodology based on flipped learning and the use of educational technology with augmented
reality contributes positively to the optimization of learning processes in the Mathematics classroom.

Keywords: ICT. Flipped learning. Augmented reality. Active methodologies. Educative technology.

Resumo

A aprendizagem invertida e a realidade aumentada tornaram-se duas propostas didaticas emergentes hoje no
campo da educacdo. O objetivo do estudo é analisar a eficicia da aprendizagem invertida e da realidade
aumentada nas vérias dimensdes relacionadas com o processo de aprendizagem. Para isso, foi realizado um
desenho quase experimental em uma amostra de 116 alunos espanhdis do terceiro nivel do ensino médio. Os
dados foram coletados por meio de questionario. Os resultados mostram que ha uma alta avaliacdo pelos
alunos de ambas as experiéncias educacionais, embora existam diferencas em vérias dimensdes. Aqueles que
receberam ensino com base na aprendizagem invertida mostram significados nas dimensdes professor-aluno,
autonomia, aprofundamento e tempo de aula. Por outro lado, aqueles que desenvolveram a experiéncia
com a realidade aumentada mostram significancia nas dimensdes motivac3do, aluno-conteiido, aluno-aluno e
resolucdo. Concluindo, tanto a aplicacdo de uma metodologia emergente baseada na aprendizagem invertida
quanto o uso de tecnologia educacional com realidade aumentada contribuem positivamente para a otimizacao
dos processos de aprendizagem em aulas de Matematica.

Palavras-chave : TIC. Aprendizagem invertida. Realidade aumentada. Metodologias ativas. Tecnologia

educativa.

Introduction
Today's education is subjected to many changes and transformations and there are multiple factors
that affect the effectiveness of the training process (MURILLO, 2016). Many of them are caused by the
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inclusion of information and communication technologies (ICT), have led education in recent years
(RODRIGUEZ; CACERES; ALONSO, 2018), causing great advances and new educational models
(VIN/—\LS; CUENCA, 2016). This transformation process has been carried out in all areas and areas
of the educational field (AREA; HERNANDEZ; SOSA, 2016; PEREIRA; FILLOL; MOURA, 2019),
as well as at all levels of educational systems (LARIONOVA et al., 2018).

The inclusion of these technologies has led to the emergence of original and new educational
models (LI et al., 2019) and new ways of learning by students (GARROTE; ARENAS; JIMENEZ-
FERNANDEZ, 2018). ICTs also increase teaching-learning options, due to the possibility of making
use of them in any space and time and their ergonomics to the educational situations that may arise
(FOMBONA; PASCUAL, 2017).

For all this, new spaces and learning scenarios have been created, with digital and mobile content
(RADU, 2014), thus achieving great motivation in terms of the student’s predisposition to learning
(VILLALUSTRE; DEL MORAL, 2017), which leads to an improvement in the performance of students
(MAR[N; MURNOZ, 2018). Even so, on some occasions, this immersion of the educational field in the
technological field is slow and not progressive, causing a lack of innovative action, which does not
allow investing the spaces, times and actions of traditional teaching (LLANOS; BRAVO, 2017).

Literature review

2.1 Flipped Learning in the Didactic Processes

One of the main tools found in the educational vanguard is flipped learning (SANCHEZ; SANCHEZ;
RUIZ, 2019). Its importance is such that it has become, in a very short time, a very successful
methodology (SEERY, 2015; ZAINUDDIN; HABIBURRAHIM, et al., 2019). lts implementation is
based on the use of ICT in education (LOPEZ BELMONTE; POZO SANCHEZ; FUENTES CABRERA;
LOPEZ NUNEZ, 2019), investing space and time, as well as leaving the leading role to students
(FROEHLICH, 2018; MCLAUGHLIN et al., 2014). Furthermore, all this is subject to extrinsic factors
that increase the chances of success of this model (MENGUAL-ANDRES et al., 2020).

Flipped learning arises from the work of specialists such as A. Sams and J. Bergmann, who
in 2012 produced audiovisual material so that students who could not attend class (BERGMANN;
SAMS, 2012). Since those first actions, many transformations have been suffered by flipped learning,
always keeping its essence and basic principles (SOLA et al., 2019). For all this, flipped learning has
become one of the tools most used by teachers in the world, obtaining very good results with its
implementation (AWIDI; PAYNTER, 2019; YOSHIDA, 2015) and an increase in positive variables for
the development of the student body (FUENTES CABRERA et al., 2020).

Flipped learning is a trend, with online and face-to-face teaching intervention (LEE; LIM; KIM,
2017; NORTVIG; PETERSEN; BALLE, 2018), in which the protagonism of the educational act goes
from being the teacher to the student’s (JENSEN et al., 2018; KWAN; FOON, 2017). For this
reason, it requires reversing traditional educational processes (BAUER et al., 2016), investing the
spaces and times in the educational act (LOPEZ BELMONTE; MORENO-GUERRERO, et al., 2019).
These processes favor the autonomy of the students, their learning, and the better use of school
time (ABEYSEKERA; DAWSON, 2014; BORAO; PALAU, 2016; LONG; CUMMINS; WAUGH, 2017,
SCHMIDT; RALPH, 2016).

For all the aforementioned, flipped learning has become a fundamental tool that has been around
the world (POZO SANCHEZ; LOPEZ-BELMONTE, et al., 2020), due to its ease of development in
virtual environments (NOURI, 2016; ZAINUDDIN; HALILI, 2016). And, its success is due to the use
of the face-to-face session (BAEZ; CLUNIE, 2019: CASTELLANOS:; SANCHEZ; CALDERERO, 2017;
HWANG; LAI; WANG, 2015), the better development of the students (BOGNAR; SABLIC; SKUGOR,
2019; LONG; LOGAN; WAUGH, 2016), a better autonomy of the students (SALAS; LUGO, 2019;
TOURON; SANTIAGO, 2015) and an increase in their motivation (SHIH; TSAI, 2017; TSE; CHOI;
TANG, 2019). All these potentialities are increased during the implementation and implementation
of flipped learning (FISHER et al., 2017; KARABULUT; JARAMILLO; HASSALL, 2018).

With regard to the teaching of mathematics, high levels of success are also obtained with the
implementation of flipped learning. Its implementation gives rise to new educational experiences
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(HODGES; CONNER, 2011), with better acquisition of skills by students (CRUZ; PUENTES, 2012),
and development of all the potentialities previously described, but in the field of mathematics (DE
ARAUJO; OTTEN; BIRISCI, 2017; BISHOP; VERLEGER, 2013). Therefore, its implementation
leads to an improvement in the participation, performance and grades of students in the area of
mathematics (ADAMS; DOVE, 2018; AMSTELVEEN, 2019; SUN; XIE; ANDERMAN, 2018).

2.2 Augmented Reality (AR) as Educational Technology
Among all the tools that ICT offer us, Augmented Reality stands out, which has been considered one
of the innovations with the most projection of the last decades (LORENZO; SCAGLIARINI, 2018),
particularly in the educational field (CABERO; ROIG, 2019), where it has acquired a great protagonist.
This tool allows the development of unique experiences, promoting new ways of teaching, as well as
innovative ways of learning (CHENG, 2017).

Augmented reality is conceived as a technology that "allows the combination of digital information
and physical information in real time through different technological devices” (BARROSO et al.,
2017). This technology, associated with different mobile devices that can develop it, makes it possible
to expand the knowledge that can be offered to students, as well as a generating source of extra
multimedia and digital information for students (GOMEZ et al., 2018).

The technology that gives rise to augmented reality, can offer its multiple functions and benefits
to the different educational stages for which it is available, being a useful and effective tool both in
Early Childhood Education (LOPEZ BELMONTE; POZO SANCHEZ; LOPEZ BELMONTE, 2019),
and in Higher Education (GARAY; TEJADA; CASTANO, 2017), passing through Primary Education
(LOPEZ BELMONTE; POZO SANCHEZ; FUENTES CABRERA; ROMERO RODRIGUEZ, 2020)
and Secondary Education (MORENO-GUERRERO et al., 2020).

The benefits that derive from the implementation of AR in the educational field include the
improvement of the student’s involvement as an active agent of their own learning (CABERO;
LLORENTE: GUTIERREZ, 2017), the reinforcement of digital competence in the student body
(TOLEDO; SANCHEZ; UNIVERSIDAD DE SEVILLA, 2017), the increase in motivation (BACCA
et al., 2014), the enhancement of their autonomy and attention to content (MARIN; CABERO; GAL-
LEGO, 2018), attention to the task to be carried out (CHENG, 2017) and the exploration of learning
(FOMBONA; VAZQUEZ, 2017). This implies that various educational modalities can be developed
that require the development of all these areas already mentioned, promoting collaborative learning,
based on constructivism, of a meaningful nature and by discovery (CABERO; LLORENTE; MARIN,
2017).

All of the above, favors the learning climate in the classroom, and increases the options for
success in the development of teaching and learning (PRENDES ESPINOSA, 2015). Therefore, it is
not surprising that AR has made a niche for itself in the current educational landscape, and that its use
is increasing until it is one of the tools most used by teachers and students (RODRIGUEZ; HINOJO;
AGREDA, 2019), as well as one of the most studied and object of experimentation in the educational
scientific literature (CAMPOS; RAMOS NAVAS-PAREJO; MORENO GUERRERO, 2019).

As for the field of mathematics, AR has become one of the tools with which the best benefits can
be obtained. Numerous studies show the success of its implementation in the area of mathematics
(GARZON; ACEVEDO, 2019), with a notable increase in the improvement of educational practices
in this area and in other related areas (BOWER et al., 2014). The increase in potential and abilities
in students is notable with its implementation (CAl et al., 2019), being a very useful tool in learning
mathematics (CAHYONO et al., 2020). The union of the two tools selected for this experimentation,
can suppose a wide success for the development of the teachers’ teaching, as well as an increase in
the probabilities of success in the learning of the students (LOPEZ BELMONTE; POZO SANCHEZ;
FUENTES CABRERA; ROMERO RODRIGUEZ, 2020).

2.3 Research purpose and questions

According to studies in recent years, within the innovative methodological spectrum is flipped learning
(MORENO-GUERRERO et al., 2020; PARRA-GONZALEZ et al., 2020) and educational technolo-
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gies such as augmented reality (CABERO; ROIG, 2019; LOPEZ BELMONTE; POZO SANCHEZ;
FUENTES CABRERA: PARRA GONZALEZ, 2019). For this reason, the present study aims to ana-
lyze the efficacy achieved by both flipped learning and augmented reality in various dimensions of a
socio-educational nature. All this after putting into practice the training action of a didactic unit. To
specify the investigation, the different questions are presented

= Does the type of instructional process affect student motivation?

= Does the type of instructional process affect the interaction between the student and the teacher?
= Does the type of instructional process affect the interaction between students?

= Does the type of instructional process affect the interaction between the student and the contents?
= Does the type of instructional process affect student collaboration?

= Does the type of instructional process affect the autonomy of the students?

= Does the type of instructional process affect the deepening of the didactic content?

= Does the type of instructional process affect problem solving by students?

= Does the type of instructional process affect class time?

= Does the type of instructional process affect the evaluations obtained by the students?

Materials and Methods

3.1 Research design and data analysis
The present study acquired funding from the | + D + i OTRI project, called: Active methodologies
for learning through technological resources for the development of society, with code CNT-4315,
belonging to the University of Granada (Spain). In turn, this research is derived from the Doctoral
Thesis entitled: Correlational analysis of incident factors in teachers during the implementation of
flipped learning.

This study has been based on a quantitative methodology, conducted by a quasi-experimental
design, descriptive and correlational (HERNANDEZ; FERNANDEZ; BAPTISTA, 2014; RODRIGUEZ,
2011). Similarly, the guidelines and procedures developed by previous impact studies have been
followed (LOPEZ NUNEZ et al., 2020). All this to develop an investigation based on an analytical
model validated by the scientific community.

In this case, the experimentation has been developed at the instructive level (MORENO-GUERRERO
et al., 2020). For this, two groups of analysis have been used (1-Emerging methodology; 2-Educative
technology). Therefore, the type of training action used (flipped learning or augmented reality) has
been set as an independent variable. The scope reached in the different study dimensions has been
taken as a dependent variable (HINOJO LUCENA et al., 2019).

The collected data were analyzed with the SPSS program. Various statistics such as mean (M),
standard deviation (SD), skewness tests (Skw) and kurtosis (Kme) were performed. More specific
tests were also carried out to find the comparison between the means obtained, through the Student's
t-test. The size of the effect of the instructive action was obtained by means of Cohen’s d and the
biserial correlation (rxy). A p < 0.05 was established to define significance.

3.2 Participants

For this formative contrast, a sample of 116 Spanish third-level secondary school students from the
Autonomous City of Ceuta has been chosen. This city is characterized by being a region in which four
cultures coexist (Christian, Muslim, Hebrew and Hindu). This coexistence generates a peculiar and
unique framework at the educational level, where respect and tolerance is the basis of all educational
action (LOPEZ BELMONTE; MORENO-GUERRERO, et al., 2019). The students were chosen by
convenience sampling, due to the researchers’ ease of accessing subjects from the educational center.
Regarding the size of the sample, the experts consider that in this type of study the number of
participants established does not represent any impediment to its conduct (CHOU; FENG, 2019;
YILMAZ; SOYER, 2018). Therefore, the number of selected participants is sufficient to carry out the
research.

The chosen students articulate a sample composed of 37.5% men and 62.5% women, with a mean
age of 15 years (SD = 1.38). The students were divided into two groups to be analyzed and a
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different training action was carried out in each group (Table 1).

Table 1. Study groups

Group n Composition  Treatment Measurement
1 - Emerging methodology 59  Natural FL 01
2 - Educative technology 57 Natural AR 02

Source: Fonte da tabela.
Note: FL: Flipped learning; AR: Augmented reality.

3.3 Instrument
The data has been collected through a questionnaire. This tool has been prepared based on previous
studies (POZO SANCHEZ: LOPEZ BELMONTE, et al., 2020). The questionnaire is composed of a
sociodemographic dimension to categorize the subjects according to sex, age, nationality, religion and
school year. As well as different socio-educational dimensions that are exposed and detailed below:
= Motivation achieved by students in teaching and learning actions.
= Interactions of students with the teacher, the content and among peers.
= Collaboration of students during the training process.
= Autonomy developed by students during the proposed tasks.
= Deepening obtained in the didactic contents during the instructive process.
= Problem solving by the students themselves in carrying out the tasks.
= Use of class time by educational agents.
= Ratings obtained by students in the evaluation test.

In total, the questionnaire is made up of 35 items that mostly follow a 4-point Likert rating
scale (1-most negative value and 4-most positive value). In addition, the instrument contains other
closed-ended questions.

The validation of the tool was produced using a Delphi method, to qualitatively validate the
instrument. Six experts in educational innovation participated in this process. These judges gave the
questionnaire a score of 4.83 (1-6) (SD = 0.47). The valuations were also analyzed using Fleiss’'
Kappa (0.87) and Kendall's W (0.85), obtaining relevant and consistent values in the opinions of
the experts. The resulting feedback was applied to improve and optimize the questionnaire. Next,
an exploratory factor analysis was performed that involved the performance of various tests. The
Bartlett's sphericity test showed that the variables were dependent (2476.43; p < 0.001). With the
Kaiser-Meyer-Olkin test, sample adequacy was determined (KMO = 0.85). Also, statistics such as
Cronbach’s Alpha (0.86), Composite Reliability (0.83) and the Average Variance Extracted (0.81)
were performed to establish the reliability of the instrument.

3.4 Procedure
The development of the research and the selection of the educational center was not complex due to
the teaching performance of the researchers in said institution. Likewise, the researchers themselves
were the ones who carried out the training contrast. Both those responsible for the school institution
and the participants were aware of the purpose of the study. Informed consent was also obtained from
the students to take part in this study.

At the formative level, to carry out this research, a training intervention of eight sessions was
implemented in the subject of Mathematics. In this unit, contents related to geometric figures (areas
of prisms and volume of geometric bodies) were worked on. At the organizational level, the students
were divided into four groups. It was not necessary to separate or modify the configuration of the
students from their natural group since the educational center contains four training lines.

Two of the groups developed the didactic unit through flipped learning. In this modality, the
teacher designed multimedia resources where he explained the contents to be taught during the
course of the unit. The videos were hosted on a digital platform so that the students had access and
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were always available to be viewed by the students before going to the school (Figure 1). In this way,
the students came to the classroom with the contents viewed and familiarized. Thus, the teacher
could dedicate the time in the classroom (55 minutes) to the practice of the contents, promoting
group work and the resolution of doubts, as well as to go deeper into the subject by having more
time.

Figure 1. Student viewing the contents outside the school environment.
Source: from the authors.

The other two remaining groups developed the different sessions through augmented reality,
through the use of tablets to read different templates provided by the teacher in the classroom with
QR codes. These templates allowed access to information about the content to be taught (Figure 2).
In turn, they contained theoretical information so that students could consult, exercise demonstrations
and extra information for advanced students.

In addition, a specific application was used on said contents, called Geometry. This application
allows you to interact with the figures, view all their faces and solve questions and problems (Figure 3).
In this way, the students were able to get in touch with their own content in 3 dimensions (3D) thanks
to augmented reality technology. The application was used in class time as it allowed the explanation
of content, the completion of tasks and their correction and automatic feedback.

In the different groups, the training intervention was developed by a single teacher, in order to
avoid possible biases in the instructional action of different teachers. The assignment of the treatment
(type of training action) to the group was carried out randomly. After carrying out the educational
intervention, the data was collected using the questionnaire. Then they were analyzed with the
statistical program and conclusions were drawn.

4 Results
In general, the data collected in table two shows the descriptive statistics developed in this study,
show normal distribution parameters. The reason for choosing parametric tests is that the kurtosis
and skewness are between -1.96 and +1.96, according to Joreskog (2001). Students in Secondary
Education have shown a different response tendency, depending on the didactic method applied.
Students who have developed an emerging methodology show averages ranging from 2.5 to 3, which
shows a medium to high evaluation of this teaching procedure. The highest average is given by
the teacher/learner ratio dimension, while the lowest average is given by the student/content ratio
dimension. In contrast, students who have received training based on educative technology have also
shown average values similar to those of the other group. In this case, there are four dimensions that
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Figure 2. Student accessing information by reading the QR code.
Source: from the authors.

©

Figure 3. Geometry application. Theoretical-practical information (a); Viewing and interaction in 3D of the
figures (b); Assessment tasks (c).

Source: from the authors.
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exceed the average of 3. It can be determined that this method is generally valued by students as
medium-high. The dimension with the highest average is motivation. On the other hand, among
the various dimensions, class time is the one with the lowest value. Both groups developing the MS
method and the group applying the ET method, no dispersion of response is shown. This is due to the
fact that the standard deviation values are below 1. Also, it must be taken into account that kurtosis
in both groups is mainly platykurtic, although occasionally, mesokurtic and leptokurtic kurtosis are
observed (Table 2).

Table 2. Results achieved in the dimensions of research in EM and ET in Secondary Education.

Likert Scale emphn (%) Parameters

Dimensions None Few Enough Completely M SD Skw Kme
Motivation 7(11.9) 18(30.5) 23(39) 11(18.6) 2.64 924 -169 -.754
Teacher- 3(5.1) 13(22) 23(39) 20(33.9) 3.02 .881 -.504 -.548
student

Emerging  Student- 8(13.6) 20(33.9) 19(322) 12(20.3) 259 .967 -.036  -.941

methodol- content

ogy Student- 5(8.5) 20(33.9) 24(40.7) 10(16.9) 266 .863 -.104 -.602

(EM) student
Autonomy 7(11.9) 15(25.4) 20(33.9) 17(28.8) 2.80 .996 -.332  -.936
Collaboration  8(13.6) 18(30.5) 21(35.6) 12(20.3) 2.63 .963 -.135 -.897
Deepening 2(3.4) 14(23.7) 28(47.5) 15(25.4) 295 797 -.330 -.389
Resolution 9(15.3) 13(22) 27(45.8) 10(16.9) 2.64 943 -.369 -.685
Classtime 3(5.1) 14(23.7) 32(54.2) 10(16.9) 2.83 .769 -.403 .067
Ratingsa 6(10.2) 10(16.9) 27(45.8) 16(27.1) 290 .923 -610  -.314
Motivation 2(35)  11(19.3) 24(42.1) 20(35.1) 3.09 .830 -.557  -.349
Teacher- 9(15.8) 16(28.1) 23(40.4) 9(15.8) 2.56 .945 -.183  -.815
student

Educative  Student- 3(5.3)  12(21.1) 24(42.1) 18(31.6) 3.00 .866 ~-.513  -.411

technol- content

ogy Student- 2(35) 9(15.8)  31(54.4) 15(26.3) 3.04 755 -574 357

(ET) student

Autonomy 8(14) 21 8(14) 249 909 .027 -.732

( (35.1)
Collaboration 9(15.8) 12(21.1) 23(40.4) 13(22.8) 270 999 -361  -.866
Deepening 10(17.5) 16(28.1) 22(38.6) 9(15.8) 253 966 .139 -.903
Resolution  3(5.3)  12(21.1) 22(38.6) 20(35.1) 3.04 .886 -549  -501
Classtime 9(15.8) 20(35.1) 20(35.1) 8(14) 247 928 010  -797
Ratingsa 8(14)  18(31.6) 22(38.6) 9(15.8) 256 .926 -116 -.771

Source: from the authors.
Note: Established grade group (None: 1-4.9; Few: 5-5.9; Enough: 6-8.9; Completely: 9-10).

The comparison of means shows differences in most study dimensions when taken individually. If
the overall mean for each of the groups is taken into account, the ratings are similar, with the group
that developed the MS method being much higher. The motivation, student-content, student-student
and resolution dimensions were rated better by the ET group than by the MS group. Moreover, the
autonomy, teacher-student, classtime, deepening and ratings dimensions were better evaluated by the
EM group than by the ET group (Figure 4).

The results presented in Table 3 show the degree of independence in both pedagogical methods.
These data are obtained after applying the Student’s t-statistic method, specifically the independent
samples method. Significant relationships are present in these data, in particular in motivation and
teachers-student dimensions, although with different trends. The first one is in favour of the ET
group and the second one in favour of the EM group. The dimensions resolution, student-content,
deepening, student-student and rating show significant relationships. In this case, the student-student,
student-content and resolution dimensions are in favour of the ET group. In contrast, deepening is
in favour of the EM group. The biserial correlation indicates a medium-low associative strength in all
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Figure 4. Comparative between experimental group and control group.
Source: from the authors.

study dimensions. Furthermore, for all dimensions of the study, the effect size is very low.

Table 3. Study of the value of independence between experimental group and control group.

Dimensions n X1 — Xa) thitn2—2 df d Iy

—2.718*% 114  —0.009 0.247

2.687* 114 —-0.014 —-0.244
Student-content —0.407 (2.59-3.00 —2.384% 114 -0.014 0.218
Student-student —0.374 (2.66-3.04 —2.481% 114 —0.039 0.226

Motivation —0.444 ( )
( )
( )
( )
Autonomy 0.305 (2.80-2.49) 1.723 114 0.030 —0.159
( )
( )
( )
( )
( )

Teacher-student  0.456

2.64-3.09
3.02-2.56

Collaboration ~ —0.075 (2.63-2.70 —0.410 114  —0.037 0.038
Deepening 0.423 (2.95-2.53 2.576* 114  —-0.030 —-0.235
Resolution —0.391 (2.64-3.04 —2.301* 114 0.027 0.211
Classtime 0.357 (2.83-2.47 2.258*% 114 0.002 —0.207
Ratingsa 0.337 (2.90-2.56 1.962 114 0.033 —0.181

Source: from the authors.

Note: * Significant correlation (0.05 level) ** Very significant correlation (0.01 level)
n.s. Correlation not significant

a. Established grade group (None: 1-4.9; Few: 5-5.99; Enough: 6-8.99; Completely: 9-10)

5 Discussion and Conclusions

This study has comparatively analyzed the effectiveness of flipped learning and AR in Mathematics
class. The need to analyze both elements within the training actions is based on the importance
of optimizing and renewing current education. Updating education is essential for teachers to carry
out methodologies adapted to current socio-educational needs (AREA; HERNANDEZ: SOSA, 2016;
LARIONOVA et al., 2018; PEREIRA; FILLOL; MOURA, 2019). The flipped learning methodology
(SANCHEZ; SANCHEZ; RUIZ, 2019; ZAINUDDIN; HABIBURRAHIM, et al., 2019) and the use
of AR in educational contexts (CABERO; ROIG, 2019; LORENZO; SCAGLIARINI, 2018) represent
two fundamental resources to contribute to the optimization of current education. This issue also
becomes fundamental within the mathematics classroom, where the use of flipped learning (ADAMS;
DOVE, 2018; AMSTELVEEN, 2019) and AR (CAHYONO et al., 2020) has gained prominence in
recent years.

The results obtained in this study coincide with those obtained in other similar investigations
that analyze the same topic (Emerging methodology) in the mathematics classroom. In this way, it
has been obtained that this emerging methodology generates an improvement in the participation,
performance and grades of students in the mathematics area (ADAMS; DOVE, 2018; AMSTELVEEN,
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2019; SUN; XIE; ANDERMAN, 2018). Likewise, this study coincides with other investigations in the
verification of an improvement in the autonomy of the student (SALAS; LUGO, 2019; TOURON:
SANTIAGO, 2015) and a greater use of time in the classroom (LONG; CUMMINS; WAUGH, 2017).

Likewise, the results obtained regarding the use of AR (Educative technology) are similar to those
found in the scientific literature. In this way, it has been obtained that the use of AR generates a
significant increase in student motivation (CABERO; LLORENTE; GUTIERREZ, 2017), and facilitates
access to the didactic contents (BARROSO et al., 2017; MARIN; CABERO: GALLEGO, 2018). On
the other hand, there has also been an improvement in the interrelationships of the students within the
classroom (CABERO; LLORENTE; MARIN, 2017) and an increase in their ability to explore learning
in their search for solutions to the problems raised (FOMBONA; VAZQUEZ, 2017).

In conclusion, both the application of an emerging methodology based on flipped learning and
the use of educational technology with AR contributes positively to the optimization of teaching
and learning processes. The use of the flipped learning model as an emerging methodology has
contributed positively to the interrelation of students with teachers, to the improvement of their
degree of autonomy, to the deepening of learning, to the use of time in the classroom and to significant
improvement in ratings. On the other hand, the use of AR as a techno-educational resource has led to
significant improvements in student motivation, in access to didactic content, in the interrelationships
between students and in their ability to solve problems.

For all the above, this research presents an interesting added value for the scientific community
and for the teaching community, since they open the way for research in a field in need of this type of
study. Analyzing in a comparative way the effects of active methodologies in general, and of flipped
learning and AR in particular, allows increasing the information field of its results in learning process.
The updating of current teaching must be nourished by these analyzes in order to implement the
didactic methodologies that best adapt to the needs of the students.

A limitation of this research is related to the scope of the results obtained, which should be taken
with caution. This is an exploratory study with a small sample size, so the results are not generalizable.
Likewise, the results obtained do not reflect the specific contribution percentage of the turning over of
the learning moments, the active role of the student, the use of techno-pedagogical resources or the
use of AR. In addition, the discussion of the results obtained with the scientific literature is complex,
due to the scarcity of studies that comparatively analyze the incidence of flipped learning and AR in
the teaching and learning processes.

An interesting future line of research is to carry out an analysis of the effects of an optimization
plan of the flipped learning model and of the application of AR in the Mathematics class, based on
the development of a holistic analysis (strengths, weaknesses, opportunities and threats). Likewise, it
is proposed to analyze in a combined way the effect of other active methodologies within the learning
process in the Mathematics class. Finally, in relation to the new socio-educational context starring
covid-19, it is proposed to investigate the possibility of applying AR and flipped learning methodology
with limited availability of the face-to-face classroom.
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