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ABSTRACT

Background/purpose — During the COVID-19 pandemic, teachers
were required to update school activities using various technological
tools. The aim of this mixed research was the construction and usage
analysis of the Digital Game for the teaching-learning process on
Electronics (DGE) version 3.0 in the Combinational Circuits unit
through data science.

Materials/methods — DGE version 3.0 facilitates the construction of
new educational spaces in the distance modality. This web game
consists of a simulator that presents the contents of the output
function for two variables and their representation through logic
gates. The participants of the study were 15 electronic and electrical
engineering students who took a digital design course at the National
Autonomous University of Mexico during the 2021 academic year.

Results — The machine learning (linear regression) results indicate that
the interface, design, and color of the DGE version 3.0 web game
positively influenced the students’ assimilation of knowledge and skills
development in the field of electronics. On the other hand, the
decision tree technique identified six predictive models with regards
to the use of the DGE version 3.0.

Conclusion — Technological advances such as web gaming can
facilitate the teaching-learning process from virtually any location.
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1. INTRODUCTION

Due to the COVID-19 pandemic, educational institutions worldwide were forced to
transform their activities away from the face-to-face modality (Cabero-Almenara & Llorente-
Cejudo, 2020; Demuyakor, 2020). Teachers employed information and communication
technologies (ICTs) to establish new virtual spaces that facilitated the teaching-learning
process according to the distance modality (Belonovskaya et al., 2020; Garcia-Ruiz & Pérez-
Escoda, 2021; Schwarzenberg et al., 2020).

Technological tools enable students to acquire the requisite knowledge from the
courses they attend, irrespective of their location (Aeberhard et al., 2019; Demir, 2020;
Hawamdeh & Soykan, 2021; Hebert et al., 2021). The incorporation of web applications
within the educational field favors the active role of students both inside and outside of the
classroom (Burnett et al., 2020; Lim & Newby, 2020; Marchetti, 2021).

In particular, the use of web games in the educational field increases students’
motivation and academic performance (Aeberhard et al., 2019; Hannig et al., 2012; Salas-
Rueda et al., 2020). In an Introduction to Statistics course, the WGODS game helped to
improve the assimilation and development of students’ mathematical skills (Salas-Rueda et
al., 2020). At the RWTH Aachen University Medical School, students used a web game called
eMedOffice in order to facilitate their learning process, and reportedly developed skills on
the use of medical components (Hannig et al., 2012). Similarly, the COSMOS game helped to
facilitate the skills development of learners in the field of psychology (Aeberhard et al.,
2019).

During the COVID-19 pandemic, the teacher of a Digital Design course helped to
improve the learning conditions by incorporating technology within the school activities. As
such, the aim of this mixed research study was the construction and usage analysis of the
Digital Game for the teaching-learning process on Electronics (DGE) version 3.0 in the
Combinational Circuits Unit through data science. This web game consists of a simulator that
presents the contents of the output function for two variables and their representation
through logic gates. Therefore, the research questions of the study are:

e What is the impact of DGE version 3.0 on the Digital Design course?

e How do the interface, design, and color of the DGE version 3.0 influence the
assimilation of knowledge and development of skills for the field of electronics?

e What are the predictive models for the use of the DGE version 3.0 in the educational
field?

e What are the students’ perceptions about the use of the DGE version 3.0 in the
Digital Design course?

2. LITERATURE REVIEW

Today, the design, construction, and implementation of technological applications
has enabled the improvement and updating of the teaching-learning process for software
engineering (Sasmito et al., 2021), computer science (Salas-Rueda & Salas-Silis, 2018),
language learning (Suryanto et al., 2020; Watomakin et al., 2020), and financial mathematics
(Salas-Rueda, 2020).

In a software engineering course, Sasmito et al. (2021) developed a mobile application
in order to increase the academic performance and motivation of the students through the
use of audiovisual content, tutorials, and online questionnaires. The developed technological
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tool helped to facilitate the assimilation of the students’ knowledge about the lifecycle and
requirements of software development (Sasmito et al., 2021).

The design, construction, and implementation of web games in the educational field
improved the teaching-learning conditions inside and outside the classroom (Salas-Rueda &
Salas-Silis, 2018; Watomakin et al., 2020). For example, computer science students increased
their academic performance and developed their PHP language programming skills through
the use of the JPEP game in a study by Salas-Rueda and Salas-Silis (2018).

Watomakin et al. (2020) developed the Lamaholot game to facilitate English language
learning and to develop the students’ grammatical skills. Also, this game helped to improve
the assimilation of knowledge of the English language in terms of the use of verbs, the
identification of parts of the human body, and the naming of animal species (Watomakin et
al., 2020).

Similarly, Suryanto et al. (2020) developed an application called Enggang Kanayatn Quiz
(EKQ) to facilitate the educational process in learning the Dayak Kanayatn language through
the use of gamification. In particular, this technological tool helped to improve the teaching
and learning conditions through the use of videos and question-answer games (Suryanto et
al., 2020).

In a financial mathematics course, incorporation of the WATLSD application in the
school activities helped to improve the assimilation of knowledge about simple interest, and
helped to develop the mathematical skills of the students (Salas-Rueda, 2020). In actuality,
this technological tool helped to improve the learning process about simple discount
through the use of a web simulator (Salas-Rueda, 2020).

Finally, the development and usage of technological applications within school activities
allow the construction of new educational virtual spaces that favor the development of skills
and promote the active role of the students prior to, during, and following face-to-face
teaching sessions (Suryanto et al., 2020; Watomakin et al., 2020).

3. METHODOLOGY

The particular aims of this mixed research were; (1) to build the DGE version 3.0,
(2) to analyze usage of the DGE version 3.0 in the Combinational Circuits unit, (3) to analyze
the impact of the interface, design, and color of the DGE version 3.0 in the assimilation of
knowledge and development of skills for the field of electronics through the machine
learning technique, (4) to identify predictive models for the use of DGE version 3.0 through
the decision tree technique, and (5) to analyze students’ perceptions regarding the use of
DGE version 3.0 in the Digital Design course during the 2021 academic year.

3.1 Participants

The study’s participants were 15 electronic and electrical engineering students
undertaking a digital design course at the National Autonomous University of Mexico during
the 2021 academic year.

3.2 Procedure

The procedure began with the organization and construction of the DGE version 3.0
considering the ADDIE pedagogical model (see Table 1).
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Table 1. Use of the ADDIE model

No. Stage ltem Description

Due to the COVID-19 pandemic, the
teacher of the Digital Design course
improved the teaching-learning

Problem conditions through the incorporation of
technology in the Combinational Circuits
1 Analysis unit.
Students’ 15 electronic and electrical engineering
characteristics students
Course Digital Design
Educational National Autonomous University of
institution Mexico

Understand the procedure to obtain the
output function.

Understand the relationship between the
output function and logic gates.

2 Design Understand the use of the output
function for the electronic field.

Design and construct the DGE version 3.0
web game wusing PHP programming

Learning objective

Incorporation of

technol

echnology language.
Students used the DGE version 3.0 at

Before class

3 Development home.

Students used the DGE version 3.0 after

After class
the class.

Unit Combinational Circuits

4  Implementation Academic year 2021

Figure 1 shows the DGE version 3.0, which is available at the following web address:
http://sistemasusables.com/2021version2/iniciol.html
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Figure 1. DGE version 3.0
Figure 2 shows the model used to analyze the impact of using DGE version 3.0.
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| Interface of the DGE ‘ & oagitnilation of

knowledge
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Development of
‘ skillz

| Color of the DGE

Figure 2. Model on usage of DGE version 3.0

Various authors (e.g., Sasmito et al., 2021; Watomakin et al., 2020) mentioned that the
design and construction of web applications can facilitate the assimilation of knowledge
both inside and outside of the classroom environment. Therefore, the hypotheses
established with regards to the use of DGE version 3.0 and the assimilation of knowledge are
as follows:

e Hypothesis 1 (H1): The interface of the web game positively influences the

assimilation of knowledge in the field of electronics.

e Hypothesis 2 (H2): The design of the web game positively influences the assimilation

of knowledge in the field of electronics.

e Hypothesis 3 (H3): The color of the web game positively influences the assimilation of

knowledge in the field of electronics.

The design and construction of technological applications can help facilitate the creation
of new educational spaces where students develop their skills and increase their motivation
(Sasmito et al., 2021; Watomakin et al., 2020). Therefore, the hypotheses on the use of DGE
version 3.0 and the development of skills are as follows:

e Hypothesis 4 (H4): The interface of the web game positively influences the
development of skills for the field of electronics.
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Hypothesis 5 (H5): The design of the web game positively influences the development
of skills for the field of electronics.

Hypothesis 6 (H6): The color of the web game positively influences the development
of skills for the field of electronics.

The decision tree technique allowed for the construction of six predictive models about
the impact of using DGE version 3.0 within the educational field. As such, the predictive
models about this web game and the assimilation of knowledge are as follows:

Predictive Model 1 (PM1): Interface of the web game and assimilation of knowledge
in the field of electronics.

Predictive Model 2 (PM2): Design of the web game and assimilation of knowledge in
the field of electronics.

Predictive Model 3 (PM3): Color of the web game and assimilation of knowledge in
the field of electronics.

On the other hand, the predictive models about the usage of DGE version 3.0 and the
development of skills are as follows:

Predictive Model 4 (PM4): Interface of the web game and development of skills for
the field of electronics.

Predictive Model 5 (PM5): Design of the web game and development of skills for the
field of electronics.

Predictive Model 6 (PM6): Color of the web game and development of skills for the
field of electronics.

3.3 Data collection

Table 2 shows the questionnaire used to collect the data on the usage of DGE version
3.0 by students during the 2021 academic year.

Table 2. Questionnaire on usage of DGE version 3.0

No. Variable Dimension Question Response n %
Gender ;é'nn dde':ate YOUT  Male 12 80.00
Female 3 20.00
S;;‘:fflzt 20 years 1 667
Age 2. Indicate your 21 years 5 33.33
age 22 years 2 13.33
23 years 4 26.67
24 years 3 20.00

3. Game interface
facilitates creation  Very much (1) 5 33.33

Game
interface of a pleasant Much (2) 5 33.33
2 DGE educational Little (3) 4  26.67
environment Very little (4) 1 6.67
Game design 4. Game design

facilitates Very much (1) 5 33.33
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No. Variable Dimension Question Response n %
navigation during Much (2) 7 46.67
learning process Little (3) 3 20.00
Very little (4) 0 0.00
Very much (1) 2 13.33
. I
Game color faccisl?tr:teescl’ez:nm Much (2) 11 73.33
& Little (3) 2 1333
Very little (4) 0 0.00
6. (?ar.ne faCIlltates Very much (1) 7  46.67
Knowledge assimilation of

. . Much (2) 6 40.00

assimilation  knowledge in the .
field of electronics Little (3) 2 1333
Very little (4) 0 0.00
. 7. Game facilitates Very much (1) 5 3333

Skills development of

development  skills for the field Much (2) 8 5333
° of electronics Little (3) 2 1333
Very little (4) 0 0.00

8. Does the web
game allow the
Students’ personalization of
. Game use .
perception the learning
process through

the simulator?

Open question

Table 3 shows the validation of the questionnaire on the use of DGE version 3.0 in the
Digital Design course during the 2021 academic year.

Table 3. Validation of the questionnaire

. . . Load Cronbach’s Ave.rrage Corpp(.)s.lte
Variable Dimension variance reliability
factor alpha
extracted
Web game interface 0.923
Web game design 0.579
DGE Web game color 0.671 .827 0.604 0.881
Knowledge assimilation 0.877
Skills development 0.784

3.4 Data analysis

The RapidMiner tool facilitates machine learning (linear regression) and the building of
predictive models. In the machine learning, training with 50%, 60%, and 70% of the sample
allows the calculation of linear regressions on the use of the DGE version 3.0 web game,
whilst evaluation with 50%, 40%, and 30% of the sample allows for accuracy assessments of
these regressions by means of the squared error.
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On the other hand, the decision tree technique allows for the construction of the
predictive models regarding the interface, design, and color of DGE version 3.0 web game,
the assimilation of knowledge, and the development of skills for the field of electronics
based on the students’ profile.

4. FINDINGS

According to the participant electronic and electrical engineering students, the interface
of the DGE version 3.0 web game facilitates very much (n =5, 33.33%), much (n =5, 33.33%),
little (n = 4, 26.67%), and very little (n =1, 6.67%) in terms of creating a pleasant educational
environment (see Table 2). Likewise, the design of DGE version 3.0 reportedly was found to
facilitate very much (n =5, 33.33%), much (n =7, 46.67%), and little (n = 3, 20.00%) in terms
of navigation during the learning process. Also, the color of the DGE version 3.0 web game
facilitated very much (n =2, 13.33%), much (n =11, 73.33%), and little (n =2, 13.33%) in
terms of the students’ learning.

The results of machine learning (linear regression) indicate that the interface, design,
and color of the DGE version 3.0 web game positively influenced the assimilation of
knowledge and development of skills for the field of electronics (see Table 4).

Table 4. Results of machine learning

Trai S
Hypothesis .ral Linear Regression Result t quare
ning d error
Accepted:
9, =
1 Interface of | 50% V= 0:490x+0.454 5200 2116 0.078 0.231
thewebgame = ch0  _assx+0.581  ACCePd 3000 0018 0.270
assimilation of 0.488
knowledge 70% v =0.491x + 0.608 Acgef;led: 3526 0.006 0.342
50% y=0826x+0173 P g0 0047  0.933
H2: Design of the 0.826
web game - 0 _ Accepted:
S . 60% y=0.749x+0.055 ons 2.825 0.025 1.022
knowledge 70% y=0.518x + 0.555 Ac;eSpltSed: 1.867 0.094 0.714
Accepted:
0, =
{3 Color of the | 50% V= 0-478x +0.476 0478 1.107 0310 0.561
web game - 0 _ Accepted:
T 60% y=0461x+0.692 a0l 1.128 0.296  0.498
knowledge 70% y=0468x+0656 CCePd 1013 0255 0627
0.468
Accepted:
0, =
S Interface of | 0% Y= 0.490x+0.454 0,490 6.749 0.001 0.693
thewebgame > 0 _0418x+1.060 ACCPd 5o 0059 0.237
development of 0.418

skills Accepted:

70% y=0.466x + 0.933 2905 0.017 0.260

0.466
H5: Design of the o Accepted:
= V. + 0. . . .
web game > 50% y=0.478x+0.478 0.478 1.800 0.121  1.306
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Trai Square

Hypothesis ning Linear Regression Result t d error

development of 0 _ Accepted:
okills 60% y=0.236x+1.631 0.236 0.663 0.528 0.651
70% y=0.117x + 1.705 Acgelplt;d: 0399 0698 0.444

Accepted:

9 -

H6: Color of the 50% y=0.478x+ 0.478 0.478 1.800 0.121 0.883

web game - 0 _ Accepted:
development of 60% y=0.346x+ 1.269 0.346 0.814 0.442 0.372

skills Accepted:

9 =
70% y=0.374x+1.125 0374 0.904 0.389 0.262

4.1 Assimilation of knowledge

The DGE version 3.0 web game reportedly facilitated very much (n =7, 46.67%), much
(n =6, 40.00%), and little (n = 2, 13.33%) in terms of assimilation of knowledge in the field of
electronics (see Table 2). The results of machine learning with 50% (0.490), 60% (0.488), and
70% (0.491) indicate that H1 is accepted (see Table 4). Therefore, the interface of the DGE
version 3.0 web game may be said to positively influence the assimilation of knowledge in
the field of electronics.

Figure 3 shows eight conditions of Predictive Model 1 (PM1) on the use of DGE version
3.0 with an accuracy of 93.33%. For example, if a student considers that the interface of the
DGE version 3.0 facilitates much the creation of a pleasant educational environment and has
an age < 22 years, then this web game facilitates much the assimilation of knowledge in the
field of electronics.

Interface

Very much
Litle  Verylitle  puch

Very much
Little
S5ex
Age
man  woman =22 =22
Little Much
Age . I
I
> 20500 < 20.500 »23500 523500
Much Very much Much Very much

| L

Figure 3. PM1 on usage of DGE version 3.0

The results of machine learning with 50% (0.826), 60% (0.749), and 70% (0.518) indicate
that H2 is accepted (see Table 4). Therefore, the design of the DGE version 3.0 web game
positively influences the assimilation of knowledge in the field of electronics.

Figure 4 shows seven conditions of Predictive Model 2 (PM2) on the use of DGE version
3.0 with an accuracy of 80.00%. For example, if a student considers that the design of the
DGE version 3.0 facilitates very much the navigation during the learning process, has an age
<£22.5 years and is male, then the DGE version 3.0 web game facilitates very much the
assimilation of knowledge in the field of electronics.
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Design

Lirde Mach Very much

o Very much Age
man  woman »22500 %22.500
Much Little
Much Sex
I
man woman
Very much
-y Age

I

»21.500  <21.500
Very much Much

Figure 4. PM2 on usage of DGE version 3.0

The results of machine learning with 50% (0.478), 60% (0.461), and 70% (0.468) indicate
that H3 is accepted (see Table 4). Therefore, the color of the DGE version 3.0 web game
positively influences the assimilation of knowledge in the field of electronics.

Figure 5 shows seven conditions of Predictive Model 3 (PM3) on the use of DGE version
3.0 with an accuracy of 80.00%. For example, if a student considers that the color of the DGE
version 3.0 facilitates much the learning, has an age < 22.5 years and is female, then the DGE
version 3.0 web game facilitates much the assimilation of knowledge in the field of
electronics.

Color
Liteh
Much ® Mach Very much
— Age Very much

Sex
™A% woman man  woman
Age Little Very much Much
—
»23.500 2 23.500
Much Very much

Figure 5. PM3 on usage of DGE version 3.0
4.2 Development of skills

The DGE version 3.0 facilitates very much (n =5, 33.33%), much (n =8, 53.33%), and
little (n = 2, 13.33%) the development of skills for the field of electronics (see Table 2). The
results of machine learning with 50% (0.490), 60% (0.418), and 70% (0.466) indicate that H4
is accepted (see Table 4). Therefore, the DGE version 3.0 web game interface positively
influences the development of skills for the field of electronics.

Figure 6 shows six conditions of Predictive Model 4 (PM4) on the use of DGE version 3.0
with an accuracy of 86.67%. For example, if a student considers that the interface of the DGE
version 3.0 facilitates much the creation of a pleasant educational environment and has an
age < 22 years, then this web game facilitates much the development of skills for the field of
electronics.

Ed Process Int J | 2022 | 11(2): 130-146.



Salas-Rueda, Alvarado-Zamorano and Ramirez-Ortega | 140

Interface

Litdle Much  Verylittle Yery much
Much Very much
Littde
. Age [
»22 <32
Much
Age

—
=23500  <323.500

Much Very much

Figure 6. PM4 on usage of DGE version 3.0

The results of machine learning with 50% (0.478), 60% (0.236), and 70% (0.117) indicate
that H5 is accepted (see Table 4). Therefore, the design of the DGE version 3.0 web game
positively influences the development of skills for the field of electronics.

Figure 7 shows seven conditions of Predictive Model 5 (PM5) on the use of DGE version
3.0 with an accuracy of 80.00%. For example, if a student considers that the design of the
DGE version 3.0 facilitates very much the navigation during the learning process and has an
age <21.5 years, then the DGE version 3.0 web game facilitates much the development of
skills for the field of electronics.

Age

> 21.500 =21.500

> 22,500 < 22.500 - 20,500 < 20.500
Little Very much Very much Much

Figure 7. PM5 on usage of DGE version 3.0

The results of machine learning with 50% (0.478), 60% (0.346), and 70% (0.374) indicate
that H6 is accepted (see Table 4). Therefore, the color of the DGE version 3.0 web game
positively influences the development of skills for the field of electronics.

Figure 8 shows six conditions of Predictive Model 6 (PM6) on the use of DGE version 3.0
with an accuracy of 86.67%. For example, if a student considers that the color of DGE version
3.0 facilitates much the learning and has an age < 21.5 years, then the DGE version 3.0 web
game facilitates much the development of skills for the field of electronics.
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Color

Liexle MBch Very much

Much Age Very much
I |
= 21.500 221500
Age Much
= 23500 < 23.500 -
Much
Age
I
> 22.500 < 22.500
Little Very much

Figure 8. PM6 on usage of DGE version 3.0
4.3 Students’ perception

According to the students of electronic and electrical engineering, the simulator of DGE
version 3.0 facilitated the teaching-learning process in the Combinational Circuits Unit during
the COVID-19 pandemic.

“l learned with examples because it is easy to configure.” (Student 1, male, 22 years old)

“The simulator helps to reinforce what has been learned.” (Student 3, female, 21 years
old)

“The simulator helps to better understand the topic.” (Student 6, female, 22 years old)

Likewise, the incorporation of the DGE version 3.0 web game in the Digital Design
course facilitated the personalization of the learning process regarding the output function
for two variables and their representation through the logic gates.

“Everyone experiments with the application differently.” (Student 2, male, 21 years old)
“Students can review the topics at their own pace.” (Student 15, male, 23 years old)

Finally, the use of DGE version 3.0 in the Combinational Circuits unit facilitated the
construction of new educational spaces that were considered entertaining by the users
during the teaching-learning process.

“It is a complementary tool that helps to reinforce the knowledge learned in a practical
and entertaining way.” (Student 12, male, 24 years old)

“It is fun to play and try the combinations.” (Student 10, male, 21 years old)

5. DISCUSSION

Similar to Watomakin et al. (2020), the current study has shown that the incorporation
of technological applications within the educational field can facilitate the organization and
construction of new spaces for teaching and learning. In particular, 33.33% of the participant
students (n =5) considered that the DGE version 3.0 interface facilitates very much the
creation of a pleasant educational environment. Also, the interface of this web game
facilitates much (n=5, 33.33%) the creation of a pleasant educational environment.
Therefore, the majority of the students (66.66%) had a favorable opinion regarding this
aspect of the web game.

As a result of the analysis performed, 46.67% of the participants students (n=7)
considered that the design of the DGE version 3.0 facilitates much the navigation during the
learning process. Likewise, the design of this web game facilitates very much (n =5, 33.33%)
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the navigation during the learning process. Therefore, the majority of the participants
(80.00%) had a favorable opinion about this aspect of the web game.

On the other hand, 73.33% of the students (n = 11) considered that the color of the DGE
version 3.0 facilitates much the learning. Likewise, the color of this web game facilitates very
much (n =2, 13.33%) their learning. Therefore, the majority of the students (86.66%) had a
favorable opinion about this aspect of the web game.

5.1 Assimilation of knowledge

As mentioned in the study by Suryanto et al. (2020), the design and construction of
technological applications can facilitate the assimilation of knowledge both inside and
outside of the classroom. As a result of the analysis performed in the current study, 46.67%
of the students (n=7) considered that the DGE version 3.0 facilitates very much the
assimilation of knowledge in the field of electronics. Likewise, the web game reportedly
facilitated much (n =6, 40.00%) the assimilation of knowledge in the field of electronics.
Therefore, the majority of the students (86.67%) had a favorable opinion about this aspect
of the web game.

The results of machine learning with regards to H1 were shown to be higher than 0.480;
therefore, the interface of the DGE version 3.0 can be said to positively influence the
assimilation of knowledge in the field of electronics. On the other hand, the data science
identified eight conditions of PM1 regarding the use of the web game. In this predictive
model, the age of the participant students determines how the interface of the DGE version
3.0 influences their assimilation of knowledge in the field of electronics.

With respect to H2, the results of the machine learning were higher than 0.510;
therefore, the design of the DGE version 3.0 can be said to positively influence the
assimilation of knowledge in the field of electronics. On the other hand, the data science
identified seven conditions of PM2 regarding usage of the web game. In this predictive
model, the age and gender of the students determines how the design of the DGE version
3.0 influences the assimilation of knowledge in the field of electronics.

Finally, the results of machine learning about H3 were higher than 0.460; therefore, the
color of the DGE version 3.0 can be said to positively influence the assimilation of knowledge
in the field of electronics. On the other hand, the data science identified seven conditions of
PM3 about the web game’s usage. In this predictive model, the age and gender of the
students determine how the color of the DGE version 3.0 influences the assimilation of
knowledge in the field of electronics.

5.2 Development of skills

Various authors (e.g., Suryanto et al., 2020; Watomakin et al., 2020) in the literature
have mentioned that the design, construction, and usage of technological applications can
improve the teaching-learning conditions and facilitate the development of learners’ skills. In
particular, 53.33% of the students (n=8) in the current study considered that the DGE
version 3.0 facilitated much the development of skills for the field of electronics. Likewise,
this web game facilitated very much (n =5, 33.33%) the development of skills for the field of
electronics. Therefore, the majority of the students (86.66%) can be said to have a favorable
opinion about this aspect of the web game.

The results of the machine learning about H4 were higher than 0.410; therefore, the
interface of the DGE version 3.0 can be said to positively influence the development of skills
for the field of electronics. On the other hand, the data science identified six conditions of
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PM4 regarding the web game’s usage. In this predictive model, the age of the students
determines how the interface of the DGE version 3.0 influences the development of skills for
the field of electronics.

With respect to H5, the results of the machine learning were higher than 0.110;
therefore, the design of the DGE version 3.0 can be said to positively influence the
development of skills for the field of electronics. On the other hand, the data science
identified seven conditions of PM5 regarding the use of the web game. In this predictive
model, the age of the students determines how the design of the DGE version 3.0 influences
the development of skills for the field of electronics.

Finally, the results of machine learning about H6 were higher than 0.340; therefore, the
color of the DGE version 3.0 can be said to positively influence the development of skills for
the field of electronics. On the other hand, the data science identified six conditions of PM6
about the web game’s usage. In this predictive model, the age of the students determines
how the color of the DGE version 3.0 influences the development of skills for the field of
electronics.

6. CONCLUSION

During the COVID-19 pandemic, teachers were required to transform their teaching
activities with the support of technological tools. For example, the DGE version 3.0 is a web
game developed as a simulator that presents the contents of the output function for two
variables and their representation through logic gates. In the study, machine learning (linear
regression) indicated that the interface, design, and color of this web game positively
influenced the assimilation of knowledge and development of skills for the field of
electronics.

According to the participant electronic and electrical engineering students, the
simulator of the DGE version 3.0 facilitated the teaching-learning process in the
Combinational Circuits unit during the COVID-19 pandemic. Likewise, the incorporation of
this web game in the educational field facilitated the personalization of the learning process
about the output function for two variables and their representation through logic gates.

In conclusion, universities and other education institutions utilized technology to deliver
education during the COVID-19 pandemic. For example, the DGE version 3.0 web game was
developed to transform the school activities of a digital design course and to promote the
active role of student learners in the distance modality.

7. SUGGESTIONS

The limitations of the current research concern the size of the sample used in the study
and the content of the DGE version 3.0 web game. Therefore, future research could develop
technological applications that consider the topics about Karnaugh maps and evaluate their
impact in both high schools and universities. Likewise, the current study recommends the
design and construction of new educational spaces in order to facilitate the teaching-
learning process before, during, and following classroom teaching.
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