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Abstract. The objective of this mixed research is to analyze the impact of flipped classtoom in the educational process on the
Combinational Circuits through data science and machine learning, Flipped classroom facilitates the organization of active activities
before, during and after the class. The participants are 17 students of Electronic Electrical Engineering who took the Digital Design
course in the National Autonomous University of Mexico during the 2019 school year. The results of machine learning indicate
that the consultation of the videos before the class, resolution of the exercises during the class through the Quartus software and
realization of the laboratory practices after the class positively influence the development of skills on circuit design. Data science
identifies 3 predictive models of the use of flipped classtoom through the decision tree technique. Finally, teachers can improve
the learning process, develop the skills of students, build new educational spaces and carry out creative activities through flipped
classroom.
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Resumen. El objetivo de esta investigacion mixta es analizar el impacto del aula invertida en el proceso educativo sobre los
Circuitos Combinacionales por medio de la ciencia de datos y el aprendizaje automatico. El aula invertida facilita la organizacién
de actividades activas antes, durante y después de la clase. Los participantes son 17 estudiantes de la Ingenieria Eléctrica Electrénica
que cursaron la asignatura Diseflo Digital en la Universidad Nacional Auténoma de México durante el ciclo escolar 2019. Los
resultados del aprendizaje automatico indican que la consulta de videos antes de la clase, la resolucion de ejercicios durante la clase
por medio del software Quartus 11 y la realizacion de practicas de laboratorio después de la clase por medio del software Quartus
II influyen positivamente el desatrollo de habilidades sobte el disefio de circuitos. La ciencia de datos identifica 3 modelos
predictivos sobre el uso del aula invertida por medio de la técnica arbol de decision. Por ultimo, los docentes pueden mejorar el
proceso de aprendizaje, desarrollar las habilidades de los estudiantes, construir nuevos espacios educativos y realizar creativas
actividades por medio del aula invertida.
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INTRODUCTION

Flipped classroom is a pedagogical model that proposes the realization of school activities inside and
outside the classroom (Desai, Jabeen, Abdul, & Rao, 2018; Oncel & Kara, 2019; Salas-Rueda, 2020).
Information and Communication Technology (ICT) plays a fundamental role during the planning and
organization of the courses (Galimullina, Ljubimova, & Ibatullin, 2020; McGowan, 2020; Padilla-Rodriguez,
Armellini, & Rodriguez-Nieto, 2020). In fact, teachers create new activities before, during and after the
face-to-face sessions through technological tools, educational platforms and web applications (Green &
Schlairet, 2017; Rezaei & Latifi, 2020; Salas-Rueda, 2019).

Flipped classroom consists of organizing and carrying out various activities before, during and after the
class (Lin, 2019). For example, students can take exams online and consult digital resources such as videos
and digital presentations at home (Lin, 2019; Webel, Sheffel, & Conner, 2018). In the classroom, students
carry out various activities that facilitate the active participation such as group discussions, collaborative
work and problem solving (Oncel & Kara, 2019).

The incorporation of flipped classroom in universities is causing that students actively participate
during the learning process (Bingen, Steindal, Krumsvik, & Tveit, 2019). For example, students of medicine
viewed the anatomy videos, solved the online exams and held the discussion forums outside of the
classroom (Bingen, Steindal, Krumsvik, & Tveit, 2019). Furthermore, the students worked collaboratively
in the face-to-face sessions (Bingen, Steindal, Krumsvik, & Tveit, 2019).

In the field of Electronic Electrical Engineering, students have problems developing their skills and
assimilating knowledge about logic gates because these topics are difficult to understand and use in the
business field. Technological advances are transforming the learning process because students actively
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participate inside and outside the classroom through the use of digital tools and web applications in school
activities.

This mixed research proposes the transformation of the teaching-learning process on the
Combinational Circuits through flipped classroom. The students of Electronic Electrical Engineering took
the Digital Design course with the aim of understanding the use of logic gates in the productive context.
Consequently, the teacher of this course seeks to improve the teaching-learning process on the
Combinational Circuits through the consultation of videos before the class, resolution of exercises with the
support of the Quartus software during the class and realization of the laboratory practices after the class.
The Combinational Circuits unit contains the topics about Truth tables, Karnaugh Maps and use of
Combinational Circuits. Therefore, the research questions are:

e What is the impact of flipped classroom during the educational process on the Combinational

Circuits?

e Whatare the predictive models on the use of flipped classroom and development of skills on circuit

design?

e What are the students' perceptions about the realization of the activities before, during and after

the class?

FLIPPED CLASSROOM IN THE EDUCATIONAL FIELD

Flipped classroom facilitates the active role of students during the teaching-learning process because this
pedagogical model promotes the performance of collaborative activities in the face-to-face sessions and
participation of students at home through the consultation of videos and digital presentations (Desai,
Jabeen, Abdul, & Rao, 2018). In the software engineering course, flipped classroom improved the academic
performance, increased the motivation of students and facilitated the resolution of problems through
videos, online exams and collaborative work (Lin, 2019).

The students of chemical engineering mention that flipped classroom facilitated the use of theoretical
concepts in the productive field and increased the motivation during the learning process (Valero, Martinez,
Pozo, & Planas, 2019). In fact, the consultation of videos at home and realization of the collaborative
activities in the classroom facilitated the assimilation of knowledge on the topics of chemistry (Valero,
Martinez, Pozo, & Planas, 2019).

Various authors (e.g., Oncel & Kara, 2019) have used flipped classroom to build new educational spaces
and improve the teaching-learning process on electrical engineering and electronics. During the electrical
engineering course, students consulted the digital readings with voice and took the online exams on
communication systems at home (Oncel & Kara, 2019). Also, the class time was used for the realization of
discussion forums and problem solving (Oncel & Kara, 2019).

The benefits of flipped classroom are the increase of academic performance and creation of new
educational spaces that facilitate the learning process (Oncel & Kara, 2019). Finally, flipped classroom is a
pedagogical model that improves the teaching-learning conditions through the realization of creative
activities outside and inside the classroom (Dehghanzadeh & Jafaraghaee, 2018; Kim, Yoon, Hong, & Min,
2019; Webel, Sheffel, & Conner, 2018).

METHODOLOGY

The objective of this mixed research is to analyze the impact of flipped classroom in the educational process
on the Combinational Circuits through data science and machine learning.

Participants
The participants are 17 students of Electronic Electrical Engineering (11 men and 6 women) who took the
Digital Design course during the 2019 school year. The average age is 21.41 years.

Procedure

The teacher of the Digital Design course used the techno-pedagogical model proposed by Gamboa-
Rodriguez (2015) to transform the learning process through the incorporation of technology and use of
flipped classroom in school activities (See Figure 1).
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Figure 1. Techno-pedagogical model proposed by Gamboa-Rodriguez (2015).

The teacher of the Digital Design course selects the YouTube videos on the truth tables (session 1),
Karnaugh Maps (session 2 and 3) and use of combinational circuits (session 4 and 5) to facilitate the
consultation of the information at any place and time. Also, the Quartus software allows the design and
analysis of digital circuits, therefore, the organization of exercises and laboratory practices considers the use
of this software (See Table 1).

Table 1. Use of flipped classroom in the Combinational Circuits unit.

Session Objective Before the class During the class After the class
The students consult | In a collaborative way, the students | The students do the laboratory

1 Understand the use | the videos on the truth |solve the exercises on the truth | practices on the truth tables:

of truth tables tables: And, Or, Not, |tables: And, Or, Not, Nand and | And, Or, Not, Nand and Nor

Nand and Nor Nor through the Quartus software | through the Quartus software
In a collaborative way, the students
Understand the use | The students consult . The students do the laboratory
. solve the exercises on the use of .

of Karnaugh Maps | the videos on the use practices on the use of Karnaugh
2 Karnaugh Maps for 2 and 3 .

for 2 and 3 |of Karnaugh Maps for . Maps for 2 and 3 variables

. . variables through the Quartus
vatiables 2 and 3 vatiables through the Quartus software
software

Understand th The students consult | In a collaborative way, the students | The students do the laboratory
3 T (C sta h lsluse the videos on the use | solve the exercises on the use of | practices on the use of Karnaugh

(f) . 4am§u§’1 P8 | of Karnaugh Maps for | Karnaugh Maps for 4 wvariables | Maps for 4 variables through the

Of & variabies 4 variables through the Quartus software Quartus software

Understand th The students consult | In a collaborative way, the students | The students do the laboratory
4 d zsra ng the videos on the solve the exercises on the decoders | practices on the decoders and

rrfcl(; i s . A% decoders and and multiplexers through the | multiplexers through the

witipiexers multiplexers Quartus software Quartus software

Understand th The students consult | In a collaborative way, the The students do the laboratory
5 r;lersr atnr nd €| the videos on the students solve the exercises on the | practices on the comparators

C(Zl dpra atorsa comparators and comparators and adders through | and adders through the Quartus

addets adders the Quartus software software

Table 2 shows an example of the activities performed during and after the class through the Quartus

software.
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Table 2. Example of activities during and after the class.

No. Topic Objective During the class After the class
gjﬁf\gﬁ:}zzlg;igznor 3 people), reduce the Reduces the following function.
A B | Z
- 0 010
Karnaugh Understand the use A B |Z 0 1 1
1 Maps for 2 |of Karnaugh Maps 0 0 |1 1 0 |1
variables for 2 variables 0 1 1
1 0 |1 1 L]t
1 110 Subsequently, designs the digital
Subsequently, design the digital circuit iff?tl\nxz;re through  the  Quartus
through the Quartus software
Reduces the following function.
Collaboratively (2 or 3 people), reduce the cauces the fofowing fanction
following function.
A Bl cClz A|B|C|Z
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
Karnaugh Understand the use 0 1 0 1 0 1 0 0
2 | Mapsfor3 |of Karnaugh Maps 0 |1 [1[1 O 114110
variables for 3 variables 1 0 0 1 1 0 0 1
1 0 1 1 1 0 1 1
1 1 0 0 1 1 0 1
1 1 1 0 1 1 1 1
Subsequently, design the digital circuit S}Jbs?quentl}f, designs the digital
through the Quartus software circuit  through  the  Quartus
software

The research hypotheses on the use of flipped classroom in the teaching-learning process are:

Hypothesis 1 (H1): The consultation of the videos before the class positively influences the
development of skills on circuit design

Hypothesis 2 (H2): The resolution of the exercises during the class through the Quartus software
positively influences the development of skills on circuit design

Hypothesis 3 (H3): The realization of the laboratory practices after the class through the Quartus
software positively influences the development of skills on circuit design

Data science allows identifying the following predictive models on the use of flipped classroom:

Predictive Model 1 (PM1) on the consultation of the videos before the class and development of
skills on circuit design

Predictive Model 2 (PM2) on the resolution of the exercises during the class through the Quartus
software and development of skills on circuit design

Predictive Model 3 (PM3) on the realization of the laboratory practices after the class through the
Quartus software and development of skills on circuit design

Data analysis

The Rapidminer tool allows calculating machine learning to evaluate the research hypotheses about the use
of flipped classroom and build the predictive models through the decision tree technique. Machine learning
uses the training section (60%, 70% and 80% of the sample) to calculate the linear regressions and
evaluation section (40%, 30% and 20% of the sample) to identify the accuracy of these linear regressions.
On the other hand, data science allows building the predictive models on the use of flipped classroom.

Data collection
Table 3 shows the questionnaire on the use of flipped classroom in the teaching-learning process. Data
collection was performed at a Mexican university during the 2019 school year.
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Table 3. Questionnaire on the use of flipped classroom.
Variable Dimension Question Answer n %
Man 11 64.71%
Sex 1. Indicate your sex
Woman 6 35.29%
19 years 0 0.00%
Profile of 20 years 0 0.00%
students .
Age 2. Indicate your age 21 years 11 64.71%
22 years 5 29.41%
> 22 years 1 5.88%
Too much (1) 11 64.71%
3. The consultation of the videos before Much (2) 6 35.29%
the class improves the learning process Little (3) 0 0.00%
Too little (4) 0 0.00%
Before the class
Too much (1) 6 35.29%
4. The activities before the class improve Much (2) 10 58.82%
the development of skills on circuit design | ;e ©) 1 5.88%
Too little (4) 0 0.00%
Too much (1) 6 35.29%
5. The resolution of the exercises during | Much ) 9 52.94%,
the class through the Quartus software —
improves the learning process Little (3) 2 11.76%
. Too little (4) 0 0.00%
lF Tzt During the class
CaSSIOOL Too much (1) 6 35.29%
6. The activities during the class improve Much (2) 11 64.71%
the development of skills on circuit design | ;e ©) 0.00%
Too little (4) 0 0.00%
Too much (1) 5 29.41%
7. The realization of the laboratory )
practices after the class through the Much (2) 10 58.82%
Quartus software improves the learning |y ;e ©) 2 11.76%
process
Too little (4) 0 0.00%
After the class
Too much (1) 2 11.76%
8. The activities after the class improve the Much (2) 15 88.24%
development of skills on circuit design Little (3) 0 0.00%
Too little (4) 0 0.00%
Activities before | 9. What do you think about the realization o
the class of the activities before the class? pen ) )
. Activities during | 10. What do you think about the realization
Perception of o . Open - -
the class of the activities during the class?
students
Activities after the | 11. What do you think about the realization o
class of the activities after the class? pen ) )

The values of Load Factor (> 0.500), Cronbach's Alpha (> 0.700) and Composite Reliability (> 0.700)
allow the validation of the questionnaire (See Table 4).
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Table 4. Validation of the questionnaire.

Average .
A}
No. Variable Dimension e Eonbacks Variance COI’I'IPO'S.I te
factor alpha Reliability
Extracted
Consultation of the videos 0.575
Activities before the class 0.669
; Resolution of the exercises 0.724
1 IF lipped 0.751 0.475 0.843
Classtoom | Activities during the class 0.747
Realization of the laboratory practices 0.772
Activities after the class 0.628
RESULTS

The results of machine learning indicate that the consultation of the videos before the class, resolution of
the exercises during the class through the Quartus software and realization of the laboratory practices after
the class positively influence the development of skills on circuit design (See Table 5).

Table 5. Results of machine learning.

Hypothesis Training Linear Regression Conclusion Squared etror

60% y = 0.499x + 1.000 Accepted: 0.499 0.178
HI: Consultation of the videos = 70% y = 0571x + 0.857 Accepted: 0.571 0.232
development of skills on circuit design

80% y = 0.555x + 0.888 Accepted: 0.555 0.206

60% y = 0.416x + 0.833 Accepted: 0.416 0.139
H2: Resolution of the ~exercises = 70% y = 0.499x + 0.750 Accepted: 0.499 0.162
development of skills on circuit design

80% y = 0.442x + 0.852 Accepted: 0.442 0.205

60% y = 0.367x + 1.102 Accepted: 0.367 0.099
H3: Realization of the laboratory practices 70% y=0.372x + 1.118 Accepted: 0.372 0.114
— development of skills on circuit design

80% y = 0.299x + 1.300 Accepted: 0.299 0.060

Table 6 shows the predictive models on the use of flipped classroom. Data science identifies 3
conditions for PM1, 5 conditions for PM2, and 4 conditions for PM3 through the decision tree technique.

Table 6. Predictive models on the use of flipped classroom.

Predictive Consult'ation Resoluti'on of Realization of: the Activities —
models of the videos | the exercises — |laboratory practices — Sex Age development of

— learning learning learning skills

Too much - - Man < 22.5 years Too much

1 Much - - Man = szl?gisa:?d ~ Too much
Much - - Man < 21.5 years Much
- Too much - - > 22.5 years Much

- Too much - Man < 22.5 years Too much
2 - Too much - Woman < 22.5 years Much
- Much - - - Much
- Little - - - Much
- - Too much Man - Much

- - Too much Woman - Too much
3 - - Much - - Much
- - Little - - Much
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Before the class

The consultation of the videos before the class improves too much (n = 11, 64.71%) and much (n = 6,
35.29%) the learning process (See Table 3). Likewise, the activities before the class improve too much (n =
6, 35.29%), much (n = 10, 58.82%) and little (n = 1, 5.88%) the development of skills on circuit design.
The results of machine learning with 60% (0.499), 70% (0.571) and 80% (0.555) of training indicate that
H1 is accepted (See Table 5). Therefore, the consultation of the videos before the class positively influences
the development of skills on circuit design.

The PM1 presents 3 predictive conditions about the activities before the class with the accuracy of
70.59% (See Table 6). For example, if the student considers that the consultation of the videos before the
class improves too much the learning process, is a man and has an age < 22.5 years then the activities before
the class improve too much the development of skills on circuit design.

The students of Electronic Electrical Engineering mention that the consultation of the videos before
the class facilitates the learning process:

“It helps to understand” (Student 4, man, 23 years old).
“It helps to understand the design of circuits” (Student 9, woman, 21 years old).

In addition, the activities before the class allow that students acquire the knowledge at home:

“It gives us information before the class” (Student 10, man, 21 years old).
“We know concepts previously” (Student 14, woman, 21 years old).

During the class

The resolution of the exercises during the class through the Quartus software improves too much (n = 6,
35.29%), much (n = 9, 52.94%) and little (n = 2, 11.76%) the learning process (See Table 3). Also, the
activities during the class improve too much (n = 6, 35.29%) and much (n = 11, 64.71%) the development
of skills on circuit design. The results of machine learning with 60% (0.416), 70% (0.499) and 80% (0.442)
of training indicate that H2 is accepted (See Table 5). Therefore, the resolution of the exercises during the
class through the Quartus software positively influences the development of skills on circuit design.

The PM2 presents 5 predictive conditions about the activities during the class with the accuracy of
82.35% (See Table 6). For example, if the student considers that the resolution of the exercises during the
class through the Quartus software improves too much the learning process, is a woman and has an age <
22.5 years then the activities during the class improve much the development of skills on circuit design.

The students of Electronic Electrical Engineering mention that the resolution of the exercises during
the class through the Quartus software facilitates participation during the learning process:

“It fosters the participation and collaboration” (Student 8, man, 21 years old).
“We share the experiences and knowledge” (Student 14, woman, 21 years old).

The activities during the class allow solving the doubts:

“It allows resolving the doubts” (Student 1, man, 21 years old).
“It helps to clarify the doubts” (Student 4, man, 23 years old).

After the class
The realization of the laboratory practices after the class through the Quartus software improves too much
(n =5,29.41%), much (n = 10, 58.82%) and little (n = 2, 11.76%) the learning process (See Table 3). Also,
the activities after the class improve too much (n = 2, 11.76%) and much (n = 15, 88.24%) the development
of skills on circuit design. The results of machine learning with 60% (0.367), 70% (0.372) and 80% (0.299)
of training indicate that H3 is accepted (See Table 5). Therefore, the realization of the laboratory practices
after the class through the Quartus software positively influences the development of skills on circuit design.
The PM3 presents 4 predictive conditions about the activities after the class with the accuracy of
94.12% (See Table 6). For example, if the student considers that the realization of the laboratory practices
after the class through the Quartus software improves too much the learning process and is a woman then
the activities after the class improve too much the development of skills on circuit design.
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The students of Electronic Electrical Engineering mention that the realization of the laboratory
practices after the class through the Quartus software facilitates the review of topics:

“It allows the review” (Student 10, man, 21 years old).
“It helps to review the information” (Student 11, man, 21 years old).

Also, the activities after the class facilitate the assimilation of knowledge and learning process:

“It allows understanding the topics” (Student 7, man, 21 years old).
“It facilitates the learning process at home” (Student 12, man, 22 years old).

DiscussioN

Flipped classroom facilitates the construction of new educational spaces and improves the teaching-learning
process on the Combinational Circuits. In particular, most of the students (n = 10, 58.82%) think that the
activities before the class improve much the development of skills on circuit design.

The use of the Quartus software allows the creation of new educational scenarios that facilitate the
active role of the student during the learning process. In fact, most of the students think that the activities
during (n = 11, 64.71%) and after (n = 15, 88.24%) the class improve much the development of skills on
circuit design.

Before the class

The use of technology before the class allows that students take an active role during the learning process
(Lin, 2019; Salas-Rueda, De-La-Cruz-Martinez, Alvarado-Zamorano, & Gamboa-Rodriguez, 2020). Most
of the students (n = 11, 64.71%) think that the consultation of the videos before the class improves too
much the learning process. In addition, the results of machine learning on H1 are higher than 0.490,
therefore, the consultation of the videos before the class positively influences the development of skills on
circuit design.

During the class

Various authors (e.g., Lin, 2019; Oncel & Kara, 2019; Salas-Rueda, Salas-Rueda, & Salas-Rueda, 2020)
mention that the use of technological tools in the classroom improves the academic performance of
students. Most of the students (n = 9, 52.94%) think the resolution of the exercises during the class through
the Quartus software improves much the learning process. The results of machine learning on H2 are
greater than 0.410, therefore, the resolution of the exercises during the class through the Quartus software
positively influences the development of skills on circuit design.

After the class

Teachers can build new learning spaces through the use of ICT's (Oncel & Kara, 2019; Webel, Sheffel, &
Conner, 2018). Most of the students (n = 10, 58.82%) think that the realization of the laboratory practices
after the class through the Quartus software improves much the learning process. The results of machine
learning on the H3 are greater than 0.290, therefore, the realization of the laboratory practices after the
class through the Quartus software positively influences the development of skills on circuit design.

CONCLUSION

Flipped classroom improves the teaching-learning process on the Combinational Circuits through the use
of technology. The results of machine learning indicate that the consultation of the videos before the class,
resolution of the exercises during the class through the Quartus software and realization of the laboratory
practices after the class positively influence the development of skills on circuit design. On the other hand,
data science identifies 3 predictive models on the use of flipped classroom.

This research recommends the use of flipped classroom in the educational field because students
acquire an active role during the realization of the activities before, during and after the class. In fact, the
implications of this study are the importance of flipped classroom for the construction of new educational
spaces and organization of creative activities supported by the use of technology.
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The limitations of this research are the sample size and consultation of videos and use of the Quartus
software during the teaching-learning process. Therefore, future research can analyze the impact on the
review of digital readings, realization online exams and use of web 2.0 tools, educational platforms and
mobile applications inside and outside the classroom. In addition, teachers can implement flipped
classroom considering distance education.

Finally, teachers and educational institutions have the opportunity to improve the teaching-learning
conditions through flipped classroom because this pedagogical model facilitates the organization and
realization of new activities before, during and after the class.
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