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RESUMEN EJECUTIVO

Los sistemas ciberfisicos (CPS) son la compleja evolucion de los sistemas de
software clasicos. Estos sistemas integran la capa fisica tradicional junto con los
nuevos aspectos de CPS. Posibilitando una amplia gama de aplicaciones en diversos
campos como el académico, gubernamental, industrial, etc., ampliando
significativamente la funcionalidad y calidad de los servicios, donde la fusion
tecnoldgico-virtual permite una mejor interaccion entre el usuario y el sistema,
creando nuevas realidades en la gestion tecnolégica.

La combinacion de componentes integrados y el ciberespacio, son relevantes en su
construccion, permitiendo ampliar la funcionalidad y la calidad en muchos dominios
comerciales e informativos. Generando entornos donde la aplicacion de
metodologias graficas como el Design Thinking metodologia de aprendizaje que
garantiza de forma inmediata el desarrollo de competencias, en conjunto de Lean
Startup estén enfocadas con el cliente.

En dicho contexto se plantea una solucion que permita mejorar la calidad de la
educacion en el pais, la aplicacion de CPS es una alternativa a las clases virtuales

actuales, donde la generacion de sistemas permite un acercamiento y comunicacion



entre docentes, estudiantes y representantes legales, fomentando la creatividad a
través de la implementacion de entornos virtuales con actividades clave relacionadas
con cada tema de estudio, que despiertan el interes de los estudiantes.

El objetivo principal es demostrar la viabilidad de SCP en un entorno educativo a
través del analisis de un sistema inmersivo enfocado a la mejora continua del
usuario, a fin de promover el uso de mecanismos que permitan la participacion
colectiva entre alumno y docente, buscando implementar sistemas hibridos
controlado, que permitan a los nifios en un contexto de escasez econdmica tener
acceso a una educacion de calidad, permitiendo a su vez la participacion conjunta de
alumnos, profesores y tutores a cargo a través de sus dispositivos moviles u

ordenadores, creando una educacion participativa.

DESCRIPTORES: CIBERFISICOS, CIBERESPACIO, DESIGN THINKING,
EDUCACION, ENTORNO, ESTUDIANTES, LEAN STARTUP, MODELOS 3D,
PROFESORES, VIRTUAL.
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EXECUTIVE SUMMARY

Cyber-physical systems (CPS) are the complex evolution of classical software
systems. These systems integrate the traditional physical layer together with the new
aspects of CPS. Enabling a wide range of applications in various fields such as
academic, governmental, industrial, etc., significantly extending the functionality and
quality of services, where the technological-virtual fusion allows a better interaction
between the user and the system, creating new realities in technological management.
The combination of integrated components and cyberspace are relevant in its
construction, allowing to extend the functionality and quality in many commercial
and informative domains. Generating environments where the application of graphic
methodologies such as Design Thinking, a learning methodology that immediately
guarantees the development of competencies, together with Lean Startup, are focused
on the client.

In this context, a solution is proposed to improve the quality of education in the
country, the application of CPS is an alternative to the current virtual classes, where
the generation of systems allows an approach and communication between teachers,

students and legal representatives, encouraging creativity through the implementation

Xii



of virtual environments with key activities related to each subject of study, which
awaken the interest of students.

The main objective is to demonstrate the viability of SCP in an educational
environment through the analysis of an immersive system focused on the continuous
improvement of the user, in order to promote the use of mechanisms that allow
collective participation between student and teacher, seeking to implement controlled
hybrid systems that allow children in a context of economic scarcity to have access
to quality education, allowing in turn the joint participation of students, teachers and
tutors in charge through their mobile devices or computers, creating a participatory

education.

KEYWORDS: CYBER-PHYSICAL, CYBERSPACE, DESIGN THINKING,
EDUCATION, ENVIRONMENT, LEAN STARTUP, STUDENTS, TEACHERS,
VIRTUAL, 3D MODELS.
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Abstract. The current changes have allowed technology and daily activities to
intertwine in a better way, causing activities such as work or education to become
virtual, in that aspect the implementation of specialized systems that allow a bet-
ter management of the new modalities generated is a first level priority, in that
aspect, the implementation of cyber-physical systems is an alternative, because
they allow the integration of physical and virtual modules, in addition, to generate
communication between all entities that manipulate or manipulate the system, in
that context, The objective of this project is the implementation of mechanisms
that allow the educational improvement, being one of the most worrying factors
in Ecuador, for this reason the proposal presented is the implementation and test-
ing of a cyber-physical system, applying Lean Startup and Design Thinking agile
methodologies, destined to the interactivity between students, teachers and tutors,
in order to improve the deficiencies produced by virtual education, generating
environments and areas of study that allow to improve the intellectual capacities
of the students, which will be evaluated by the users themselves through the use
of tests and means of satisfaction that verify the quality of the system.

Keywords: Cyber-physical, Design Thinking, Education, Environment, Lean
Startup, Students, Teachers, Virtual.

1 Introduction

Cyber-physical systems (CPS) are the complex evolution of classical software systems.
These systems integrate the traditional physical layer together with the new aspects of
CPS [1, 2]. Enabling a wide range of applications in various fields such as academic,
governmental, industrial, etc., significantly expanding the functionality and quality of
the services [3], the technological-virtual fusion allows a better interaction between the
user and the system, creating new realities in the technological management.

The CPS being a new type of digital technology, where, the combination of inte-
grated and cyberspace components, are relevant in its construction, allowing to extend
the functionality and quality in many commercial and informative domains [4, 5]. For
this, the use of agile methodologies allows a better communication between the users
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and the CPS. Generating environments where the application of graphic methodologies
such as Design Thinking (experimental and innovative learning methodology that im-
mediately guarantees the development of competencies and growth for those who apply
it) together with the activities proposed by the system produce a greater absorption of
information [6].

In addition, the use of Lean Startup, a methodology much more focused on develop-
ing the customer, the market, the business model and obtaining validated learning [7].
in the development of the proposal, allowed speeding up development times, thanks to
the creation of canvases and the generation of minimum viable products.

With the outbreak of COVID-19, in Ecuador, in the educational field, the virtual
modality was implemented, being a country that does not have technology as a priority,
it has been a serious blow, producing that 70% of students have difficulty in accessing
online education. The lack of smart phones or Internet, the drop in income and the lack
of training prevent the normal education of millions of children [8], and taking into
account that the role of tutor is taken by the parents themselves, adding one more task
to their morning activities, they do not allow the child to develop in a better way, since
he/she does not have an appropriate guide [9], producing poor quality education and
therefore underestimating online education, underestimating the importance of the ap-
plication of systems and tools that help to improve academic activities.

In this context and with the vision of improving the quality of education in the coun-
try, the application of CPS is an alternative to the current virtual classes, where the
generation of systems allows an approach and communication between teachers, stu-
dents and legal representatives, allowing the application of agile methodologies such
as Design Thinking [10], encouraging creativity through the implementation of virtual
environments with key activities related to each subject of study, which awaken the
interest of students.

The main objective is to demonstrate the feasibility of SCP in the educational envi-
ronment through the analysis of an immersive system focused on the continuous im-
provement of the user, in order to promote the use of mechanisms that allow collective
participation between student and teacher [11].

This research seeks the implementation of controlled hybrid systems in the educa-
tional environment, allowing children in a context of economic scarcity to have access
to quality education, for this we took into account the current trends in the area of gam-
ification, working with 3D models focused on capturing the attention of each adult and
the use of routines in the handling of scripts, improving the interaction with the system,
allowing in turn that while students participate in an activity, they are controlled by
teachers and tutors in charge through their mobile devices or computers, creating a par-
ticipatory education.



2 Background

2.1 Virtual Education

The current education gave a great change with the emergence of the pandemic, making
it unintelligible without the use of new technologies. The school, as an educational
agent, assumed the changes of society, in general, and of children, in particular, sharing
this burden with the tutors of each student by becoming virtual, incorporating virtual
classes as a means of teaching, where, Ecuador a growing country showed the lack of
implementation of these media, not only in the implementation, but also in the manage-
ment of each of the teachers in charge of teaching, leaving in sight the lack of training
of the same [12].

Virtual education, also known as online education, develops the teaching-learning
relationship virtually, whereby teachers and students must interact without the direct
face-to-face relationship between teacher and student through a virtual classroom [13,
14]. The situation is similar in Ecuador, where 70% of students have difficulty in ac-
cessing online teaching in the Andean country. The lack of smartphones or Internet, the
drop in income and the lack of training prevent the normal education of millions of
children during the pandemic [15].

Even so, not everything is negative, the adaptation of students to new technologies
has given way to a better distribution of their time, being the first step towards a better
education, from that point, we seek to change the approach of the current teacher, fo-
cused on a task-based teaching to a teaching based on interactivity.

2.2 Smart Education

Currently, teaching methods are seeking a new approach, focused on improving the
interaction between the teacher and the student, where intelligent learning allows to
perceive through various audiovisual techniques, movement, expression and other fac-
tors applied in the education process, allowing to better impart knowledge [16, 17]. In
such a way that it enables web accessibility for the students [18], an essential resource
in human activity which, when carried out in the best way, broadens capabilities by
being a means of expanding knowledge.

2.3 Design Thinking

In these times where technology has changed, is changing, and will continue to change,
we must create a link between matching people's needs with what is technologically
possible, aligned with a feasible strategy that can be converted into value for each client
[19]. This is where Design Thinking puts developers in the customer's shoes, allowing
development teams to create empathy with the user before development begins. Empa-
thy is the core of Design Thinking and does not require expertise in the field that the
customer resides in, rather it requires critical thinking [20].

As a methodology that can not only be applied in the development environment, but
expands to other areas, it allows the developer, project leaders and stakeholders to ex-
pand their base idea into an infinite set of possibilities.



2.4  Lean Startup

The lean startup method is a methodology based on "validated learning", i.e., veri-
fying hypotheses little by little before having the final product (the definitive startup)
and starting to scale the business [21]. The idea is to define and shorten the development
cycles, launching different proposals for a period of time and obtaining valuable feed-
back from our potential customers or users, with which to improve the next final version
of the product.

The application of Lean Startup, allowed to improve development times and ensured
a constant workflow, thanks to the creation of Canvas boards and the implementation
of combined tools of agile methodologies, allowing the rapid implementation of the
system.

3 Structure of the Environment

The design of the applied software schematizes the connection and interaction between
the main users and the main application, allowing to observe the communication be-
tween each of the actors, where the principles of cyber-physical systems were taken
into account as shown in Figure 1, where, (2) the process starts with the sending of tasks
and activities from the school to a server where it can be reviewed by teachers, (b) with
the assigned tasks the teachers will have the permissions to access these activities and
manage the students that enter as well as the development of the same, while the tutor
or parent will receive direct notifications to the linked device, on the part of the students,
they will have the ability to perform tasks and be in communication with each of the
teachers, allowing them to have a direct contact with the subject to be studied.

Communication Structure

H T el Y
o, 3.
s Egao Task Task Task Task
student I - — b fask
“ Teacher v= v= v= vz
tutor
), .
0 Q : ] v
B R o
- g EEEH 0 )
student I )
: Server
'Y Teacher

Figure 1 - Integration of Mixed Reality Software



The proposed design allows to generate a technological stack focused on the co-
communication of each one of the actors, where making use of new technological
means allows a better communication, therefore, better interaction between the user and
the system, In such a way that the user can carry out a process which at the moment of
execution will call a series of multitasks or routines that will work internally, allowing
to improve the precision by generating parallel work between the action and the mo-
ment to be executed, emulating processes similar to those of real life without affecting
the performance of the application, as shown in Figure 2.

,,,,,,,,,,,,,,,,,,,,,,,,,,

Interactions

=

Figure 2 - Subprocess and task execution

4 System Development

The development of the system was focused on generating the greatest interaction be-
tween each of the users with the system. Through the use of agile methodologies Desig
Thinking (used in the process of creating environments by applying user experience
concepts) and Lean Starup (in charge of managing all task organization flows) a con-
stant and iterative flow was managed, which allowed the creation and quick modifica-
tion of both scenarios and scripts, also allowed to divide into groups the management
of tasks, separating development and design tasks with those focused on issues of server
connection, where infrastructure was used as code, facilitating the deployment of the
application.

The development process begins with the creation of a modular style architecture,
which allows specifying each of the modules with which the system interacts for its
operation, as shown in Figure 3.
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Figure 3 — System Architecture

The architecture of the application consists of four modules, (i) Modules: responsible
for controlling the scripts, routines and actions of the actors in the process of interaction
of the system, in addition, there is the necessary coding to perform the connection of
the system, (ii) External elements: this module has each model designed, in addition to
the sounds created for the realization of the environment within the application, (iii)
Connection: this module is responsible for linking each of the elements for the proper
functioning of the application, (iv) Scene: represents the execution of the application.

4.1  System construction

The development process of the system consists of five modules, from the creation of
each one of the elements, the construction of the application and its testing stage.
Construction Modeling of elements: For this section we proceeded to the design of
models and bases similar to known games of today, generating a recovery that allows
to develop the skills of the users tested in the first instance, using the Blender modeling
tool [22], which will allow to clean and improve the performance of each element.
Model integration: For this stage, the models were added to the Unity development
environment [23], where we proceeded to the generation of the path and the sections
corresponding to the activities to be performed.

Codification of actions and controllers: With the developed environment we pro-
ceeded to the generation of scripts in Visual Studio [24], destined to be each one of the
actions to be developed within the virtual environment, in addition we made the



corresponding connections with the databases destined to send and receive information
of each activity.

Configuration of communication services: For the communication between applica-
tions we configured the Unity connect services [25], which allow to quickly manage
the connection between different users, allowing to have a control of each of the par-
ticipants and reducing the development times of a traditional cloud.

Environment and Communication Functional Tests: The testing stage was carried
out by preparing in a room of the educational unit a total of 30 users, including students
and teachers, who were subjected to a short introduction (See Figure 4).

Interaction System Tests applied to Basic Education Students

Figure 4 - Tests applied to students

5 Results and Discussion

This section presents the results obtained in the development and implementation of the
Cyberphysical System. These results are divided into two stages, (i) Interaction with
the system, which details the functionality of the developed application through the
main attractions of the virtual environment and (ii) Validation of the application, which
analyzes the results obtained from the manipulation of the system by a group of users.

5.1  System Interaction

To access the virtual environment, it is necessary to take into account the specifica-
tions that the mobile device must meet, such as 6GB of RAM, Android version 10 or
higher and 450MB of available space. Next, the teacher in charge will send the appli-
cation to the student for installation. Once the user accesses the application, he/she must
click on the "Login" button to start the interaction. The application is designed to work
with children between the ages of 7 and 12 (1) The application has an adaptation area
for the user/visitor to explore and adapt to the functionalities and mechanics imple-
mented in the environment. Once familiarized with the environment, (2) The student
and the teacher will be able to carry out the activities proposed, obtaining recognitions
through the tour, applying gamification principles in teaching. (3) Finally, the results



can be obtained, which can be reviewed by both the teacher and the student's tutor (See
Figure. 5).

CPS Implementation Process

)
S
Student l-

|

O . D

Teachers and
Tutors

Figure 5 - CPS Implementation Process

The environments designed for the realization of the test seek to emulate those sim-
ilar to the games present today, in order to give users an environment according to their
current expectations, for this several rooms were designed in which students can inter-
act a) Labyrinth: allows the student to move through the environment in search of the
exit, asking different questions to advance, b) environment area: allows users to adapt
to the systems, c) recreation area: allows users to perform various activities that moti-
vate the physical work of the body, d) world area: allows users to present three-dimen-
sional elements, for better absorption of knowledge (See Fig 6).

CPS Interaction Environments

Figure 6 — Interaction environments



The connection model seeks to reduce response times between user and system,
combining video game modeling techniques with programming by routines, we ob-
tained an adequate execution time management for each action, where the execution of
a function only happened if it was used, and the same case for each of the textures and
models, applying mesh only in case of interaction, allowing an adequate use of memory
and avoiding memory overloads in order to allow the system to be deployed on mobile
devices such as PC. Finally, for the management of the application the respective con-
figurations were made, applying tools of the IDE development, looking for the correct
ergonomics in the location of each control where the user's comments were taken into
account to create a better experience.

5.2  Validation

Experimental Results. Using the convenience sampling technique, 30 users, including
teachers and students, were selected as respondents. After a brief general introduction
to the application, each user uses the devices that already have the application. The
participants begin to have a pleasant experience in the realization of the academic ac-
tivities. The test session ranges from 20 to 30 minutes. At the end of the test in each of
the educational environments, users are asked to perform an aptitude test.

To give consistency to the aptitude test, a reliability analysis was first performed
using Cronbach's alpha, which yielded a value of 0.8016, indicating that the measure-
ment items were positively correlated, therefore they are reliable constructs.

The formula applied was, by means of the variance of the items:

=k TV
a=501-50 (1)
a: Cronbach's alpha.
k: Number of items.
V;: Varriance of each item.
V,: Variance of the total.

Next, the aptitude test was applied, designed to analyze the effects of the learning pro-
cess and the levels of educational absorption, based on the interaction with each recre-
ational activity. The results show that the general opinions of the users were as follows:

e The students' learning of general knowledge showed a moderate improvement
(X=3.6, SD=1.00).

The path presented in the virtual environment was satisfactory (X =4.0, SD=0.90).
The usefulness of the application was considered quite good (X =4.5, SD=0.49).
The "enjoyability" of the application was considered good (X =4.1, SD=0.79).

The exposed contents were of great help to spread the teaching in the educational
unit (X =4, SD=0.70).

The application helps students' learning and adaptation (X =4.22, SD=0.59).

e The application met their expectations (X =4.02, SD=0.62).
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Additionally, SUS (System Usability Scale) was applied to measure the usability of the
application. It has a questionnaire of 10 questions with five options. The results are
tabulated and the usability score is calculated, with 100 as the maximum value and 0 as
the minimum. If the value is above 80, the application has a high degree of usability for
students/teachers, while if the value is below 68, it is considered to be below average.
The results shown in Table 1 detail the calculations made and it can be considered
that the application is easy to use, since the average usability of the system is 85.02.

Table 1. Application usability evaluation

Evaluated parameters Average Weight  SUS Final Score
1.. I think 1 would like to use the De- 4.20 l 3.20
signed System frequently.

2. | have found the Designed System 112 5x 388
to be unnecessarily complex.

3. I think the Designed System is easy 354 el 2.54
to use.

4. | think that | would need the support

of a technician to be able to use the 1,22 5-x 3,78
Designed System.

5. | felt that the different functions of

Sistema Disefiado were well integrated. 4,69 x-1 3,69
6. | felt that there was too much 110 5oy 3.90

inconsistency in Sistema Disefiado.

7. 1 would imagine that most teachers
and students would learn to use the 4,33 x-1 3,33
Designed System very well.

8. | found Sistema Disefiado to be very

cumbersome (uncomfortable) to use. 2,80 X 220
9. | felt very confident using Sistema

Disefiado. 4,70 x-1 3,70
10. I had to learn a lot of things before |

started using Sistema Disefiado. 1,20 X 3,80
Total Amount 34,02
Sus Score 85.19

The results obtained show that the application of the system was successful, demon-
strating that regardless of the social factor of the users, systems of this style will have
great acceptance, as long as usability measures and the environment in which they work
are taken into account, even so if we take into account the results of usability, the sat-
isfaction obtained and the social environment, we can note the rapid adaptation and
enjoyment of the system at the time of its use.
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6 Conclusion and Future work

In this project, advanced learning techniques were applied, in addition we sought the
implementation of development methodologies in the process of learning in-teaching
as is the Design Thinking, methodology that allows adaptability to any work environ-
ment, allowing to adapt it to any field, demonstrating that the paradigm established in
education can be changed by one focused on trial, error and learning, also used connec-
tion tool as was the case of Unity Connect, which allowed the interconnection between
the application and users, allowing to improve communication between teachers and
students. This allowed each of the students who participated in the tests to interact more
freely, demonstrating that improving the teaching processes means a better quality of
education. Finally, we must take into account that the tested users belonged to an An-
dean group, who were not accustomed to the use of technology, Even so, their adapta-
tion to the environment and the success of the tests demonstrates that the attitude
changes when the method is good, in addition to the fact that the teachers were facili-
tated the interaction with their students and took into account the lack of training that
is lacking in the country in the technological area.

The objective of this project in the future is to implement processes in the improve-
ment of teaching at the country level, allowing a better connection between the present
entities and changing the paradigms established by the current society, for which it is
planned to expand the system and improve it, taking the interaction to more realistic
levels, applying gamification techniques in the established teaching processes, in addi-
tion, it is planned to improve the proposed interfaces, changing the current environment
for a local network so that each environment launched into production is fully func-
tional without the need for internet, making use of old computer equipment as base
Servers.
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