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Abstract

This paper examines blockchain technology, its disruptive impact, and its applications in the educational sector in
the state of Hidalgo, Mexico. Statistical data on blockchain adoption, its benefits in education, and finally, local
initiatives are presented, exemplifying its potential to transform record management and transparency in educational
institutions.
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Resumen

Este articulo examina la tecnologia blockchain, su impacto disruptivo, y sus aplicaciones en el sector educativo en
el estado de Hidalgo, México. Se presentan datos estadisticos sobre la adopcion de blockchain, sus beneficios en la
educacion, y finalmente, se destacan iniciativas locales que ejemplifican su potencial para transformar la gestion de
registros y la transparencia en instituciones educativas.

Blockchain: Una tecnologia disruptiva y sus iniciativas
educativas en el Estado de Hidalgo, México

Obijetivo Metodologia Contribucién

Describir los Revision de la Destacar

componentes literatura iniciativas  en
clave, existente y Hidalgo,

aplicaciones analisis de México, y los
y beneficios estudio de posibles

de la | casos en impactos en la
tecnologfa diferentes administracion
blockchain. sectores. piblica y la

educacién.

e'?‘e :(@\ —-'I'e'ﬂl'.:ﬂ

Blockchain, Educacion, Credenciales digitales

Citation: Albores-Villatoro, Luz Angelina & Lopez-Sanchez, Méaximo. [2024]. Blockchain: a disruptive technology and its
initiatives in the State of Hidalgo, Mexico. Journal of Computational Systems and ICTs. 10[25]-1-9: €11025109.

nd/4.01].

ISSN  2444-5002/© 2009 The Author[s]. Published by ECORFAN-Mexico, S.C. for its
Holding Spain on behalf of Journal of Computational Systems and ICTs. This is an open
access article under the CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-

. Registro Nacional de Instituciones y
Empresas Cientificas y Tecnolégicas

Peer Review under the responsibility of the Scientific Committee MARVID®- in contribution
to the scientific, technological and innovation Peer Review Process by training Human I 702902 CO NAHCYT
Resources for the continuity in the Critical Analysis of International Research.


https://ror.org/0314ecq26
https://www.webofscience.com/wos/author/record/LBH-3745-2024
https://orcid.org/0009-0007-5912-2087
https://ror.org/search?page=1&query=tecnol%C3%B3gico%20nacional
https://www.webofscience.com/wos/author/record/KEH-7993-2024
https://orcid.org/0000-0002-4130-3564
https://doi.org/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/
https://crossmark.crossref.org/dialog/?doi=10.35429/JCSI.2024.10.25.1.9&domain=pdf&date_stamp=2024-12-31

Journal of Computational Systems and ICTs

2
10[25]1-9: 11025109

Article
Introduction

Blockchain has been identified as an emerging
technology with the potential to transform
multiple  industries, including education.
Globally, the blockchain technology market is
expected to grow from $3.0 billion in 2020 to
$39.7 billion by 2025, with a compound annual
growth rate (CAGR) of 67.3% (Markets and
Markets, 2020). This growth is reflected in the
increase of academic and governmental
initiatives seeking to leverage this technology to
improve security and transparency in data
management (Samala et al, 2024).

Blockchain is a distributed ledger
technology that allows for the maintenance of a
secure, transparent, and immutable record of
transactions. Each "block™ in the chain contains
a group of verified transactions, secured through
cryptographic algorithms. Worldwide, it is
estimated that over 80% of large corporations
are exploring or already implementing
blockchain-based solutions (PwC, 2019).

In the education sector, blockchain can
be used to issue and verify digital diplomas and
academic certificates. A study revealed that 20%
of employers in North America are exploring
blockchain-based digital verification
technologies to reduce fraud in academic
credentials (Deloitte, 2020). Additionally, a pilot
system conducted in European universities
demonstrated that blockchain could reduce
administrative costs by 30% (European
Commission, 2021).

In the state of Hidalgo, the Autonomous
University of the State of Hidalgo (UAEH) has
implemented a pilot system for issuing digital
diplomas using blockchain. This initiative aims
to improve administrative efficiency and reduce
academic fraud. According to university data,
the system has enabled a 25% savings in
operating costs related to record management
(UAEH, 2022).

Furthermore, at the governmental level,
the state is exploring the use of blockchain for
public data management, which could increase
transparency and efficiency in  public
administration (Government of Hidalgo, 2022).
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Context
What is Blockchain

Blockchain is a distributed database that allows
transactions to be recorded securely,
transparently, and immutably. It was first
introduced in 2008 as the underlying technology
of Bitcoin, a cryptocurrency developed by a
person or group of people under the pseudonym
Satoshi Nakamoto (Nakamoto, 2008). Unlike
traditional databases, blockchain is not
controlled by a central entity, ensuring its
decentralization and resistance to tampering.

Key Components of Blockchain
Blocks and Chains

Specifically, the term "blockchain™ refers to a
chain of blocks, where each block contains a set
of transactions. Each block is linked to the
previous one through a cryptographic hash,
ensuring the immutability of the chain
(Narayanan et al., 2016). This design ensures
that any alteration to a block would affect all
subsequent blocks, making it practically
impossible to modify the information without
detection.

Mining and Proof of Work

Mining is the process by which new transactions
are validated and recorded on the blockchain.
Miners compete to solve complex mathematical
problems, and the first miner to solve the
problem adds a new block to the chain and
receives a reward in the form of cryptocurrency
(Antonopoulos, 2014). This process is known as
Proof of Work and is fundamental to the security
and decentralization of blockchain.

Smart Contracts

Smart contracts are programs that automatically
execute when certain predefined conditions are
met. These contracts allow for the automation of
agreements and transactions without the need for
intermediaries, reducing costs and improving
efficiency (Szabo, 1997). Ethereum, the second
most popular cryptocurrency, was specifically
designed to support smart contracts.

Albores-Villatoro, Luz Angelina & Lo6pez-Sanchez, Maximo.
[2024]. Blockchain: a disruptive technology and its initiatives in
the State of Hidalgo, Mexico. Journal of Computational Systems
and ICTs. 10[25]-1-9: €10822109.
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Applications of Blockchain
Finance and Cryptocurrencies

The most recognized use of blockchain is in
cryptocurrencies. Bitcoin, for example, uses this
technology to record all transactions in a public
and decentralized manner, providing high
security and eliminating the need for traditional
intermediaries (Nakamoto, 2008). Additionally,
other cryptocurrencies like Ethereum have
expanded the possibilities of blockchain by
enabling the creation of smart contracts.

Supply Chain

In addition, blockchain has revolutionized
supply chain management by allowing precise
tracking of products from their origin to the final
consumer. This not only improves transparency
but also reduces the risk of fraud and errors
(Francisco & Swanson, 2018). Companies like
Walmart and Maersk have implemented
blockchain-based solutions to optimize their
logistics processes.

Healthcare

In the healthcare sector, blockchain offers a
secure and private way to manage medical
records. This technology enables information
exchange between different medical institutions
while  maintaining the integrity and
confidentiality of patient data (Azaria et al.,
2016). Additionally, it facilitates access to
complete and accurate medical histories,
improving the quality of healthcare.

Benefits of Blockchain in Education
Security

Blockchain is extremely secure due to its
decentralized nature and use of cryptographic
algorithms. Each block in the chain is linked to
the previous one through a hash, making any
attempt to alter information easily detectable and
practically  impossible  without  network
consensus (Narayanan et al., 2016).
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Transparency

All transactions recorded on a blockchain are
public and accessible to anyone with network
access. This transparency reduces the risk of
fraud and corruption and allows for real-time
auditing of records (Yaga et al., 2018).

Decentralization

Blockchain  eliminates the need  for
intermediaries by allowing transactions to be
conducted directly between the involved parties.
This not only reduces the costs associated with
intermediaries but also improves the efficiency
and speed of transactions (Tapscott & Tapscott,
2016).

Administrative Efficiency

The use of blockchain in education can
significantly reduce administrative costs and the
time required for managing academic records.
For example, UAEH has reported a 25% savings
in operating costs related to record management
thanks to the implementation of blockchain
(UAEH, 2022).

Examples of Applications in Education

Digital Diplomas and Certificates:
Blockchain enables the issuance and
verification of digital diplomas and
certificates, eliminating the possibility of
fraud and simplifying the verification
process for employers and other
educational institutions (Deloitte, 2020).

Transparency in Academic Processes: The
Autonomous University of the State of
Hidalgo (UAEH) has implemented a pilot
system that uses blockchain to issue digital
diplomas. This initiative has improved
transparency and administrative
efficiency, leading to significant savings in
operating costs (UAEH, 2022).
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Challenges of Blockchain
Scalability

One of the biggest challenges of blockchain is its
capacity to handle large volumes of transactions.
Current blockchain networks, such as Bitcoin
and Ethereum, may face congestion and high
transaction fees during periods of high demand
(Croman et al., 2016).

Energy Consumption

The mining process, especially in blockchains
that use Proof of Work, consumes a large
amount of energy. This has raised concerns
about the environmental impact of blockchain
and has led to the search for more sustainable
alternatives, such as Proof of Stake (Zheng et al.,
2017).

Regulation

The  regulation  of  blockchain  and
cryptocurrencies is still an evolving issue.
Different countries have adopted various
approaches, and the lack of regulatory clarity can
create uncertainty for companies and investors
looking to adopt this technology (Zohar, 2015).

Improving Trust and Integrity

Moreover, blockchain enhances the trust and
integrity of academic records by providing an
immutable and verifiable system. This is
particularly relevant in the context of higher
education, where the authenticity of records is
crucial for students and employers.

Methodology

To assess the feasibility of implementing
blockchain technology in higher education
institutions in Hidalgo, a survey was conducted
involving 18 of these institutions. The survey
was managed by the Council for Science,
Technology, and Innovation of Hidalgo
(CITNOVA). A structured approach was used
based on the "Ten Steps to Determine the
Feasibility of Using Blockchain Technologies™
model proposed by A. B. Pedersen, M. Risius,
and R. Beck (2019). This model is designed to
help institutions decide whether blockchain is
the right solution for their needs or if a
centralized database would be more effective.
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Adaptation of the Ten Steps to Determine the
Feasibility of Using Blockchain Technologies

1. Need for Immutability: It was evaluated
whether academic records need to be
immutable, meaning not susceptible to
modifications once created, to ensure the
integrity of the information.

2. Transparency and Auditability: The
importance of transparency in processes
and the ability to audit academic records
was considered. This is crucial to ensure
that all stakeholders can verify the
authenticity of documents.

3. Multiple Stakeholders: It was identified
whether multiple stakeholders (such as
students, employers, and accreditation
bodies) require access to the same data,
which justifies a decentralized solution.

4. Prevention of Manipulation or Fraud: The
susceptibility of academic records to
manipulation or fraud was analyzed, and
how blockchain technology could mitigate
these risks by providing a secure and
verifiable record.

5. Regulatory Requirements: The existence
of regulations and standards that may
require the participation of third parties
(such as notaries or educational
authorities) in the validation of official
documents was examined.

6. Reduction of Intermediaries: The
possibility of reducing reliance on
intermediaries in the issuance and
verification of documents was explored,
seeking to increase efficiency and reduce
costs.

7. Implementation and Operational Costs:
The costs associated with implementing
and operating blockchain solutions were
evaluated, compared to centralized
database systems.

8.  Technical Capacity and Resources: The
availability of technical and human
resources to implement and maintain a
blockchain solution within educational
institutions was considered.
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9.  Interoperability with Existing Systems:
The ability of blockchain technology to
integrate with existing systems and
platforms in institutions was analyzed,
which is crucial for effective adoption.

10. Impact on User Experience: How the
implementation of blockchain would
affect the experience of key users,
including students, administrators, and
employers, was evaluated.

Sample and Justification

The sample selected for the survey included 17
higher education institutions in Hidalgo. This
number was determined wusing a non-
probabilistic approach due to the limitation in
the number of relevant institutions and the
specificity of the study. The sample was selected
to represent a variety of types of institutions to
obtain a broad view of practices and challenges
related to blockchain adoption. The sample
provides relevant insight into local attitudes and
capabilities towards blockchain adoption.

Results

The study included 17 higher education
institutions in Hidalgo, Mexico, including the
Consejo de Ciencia, Tecnologia e Innovacion de
Hidalgo (Council for Science, Technology, and
Innovation of Hidalgo), Instituto Tecnolégico de
Atitalaquia  (Technological Institute  of
Atitalaquia), Instituto Tecnoldgico Superior de
Huichapan (Huichapan Higher Technological
Institute), Instituto Tecnoldgico Superior del
Occidente del Estado de Hidalgo (Western
Higher Technological Institute of the State of
Hidalgo), Instituto Tecnoldgico del Oriente del
Estado de Hidalgo (Eastern Technological
Institute of the State of Hidalgo), Universidad La
Salle (La Salle University), Universidad
Auténoma del Estado de Hidalgo (Autonomous
University of the State of Hidalgo), Universidad
Intercultural del Estado de Hidalgo
(Intercultural  University of the State of
Hidalgo), Universidad Politécnica de la Energia
(Polytechnic University of Energy), Universidad
Politécnica de Huejutla (Polytechnic University
of Huejutla), Unidad Profesional
Interdisciplinaria de Ingenieria Campus
Hidalgo-IPN  (Interdisciplinary  Professional
Unit of Engineering, Hidalgo Campus - IPN).
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Universidad Politécnica Metropolitana

de Hidalgo (Metropolitan  Polytechnic
University  of Hidalgo), Universidad
Pedagdgica  Nacional-Huejutla ~ (National

Pedagogical University - Huejutla), Universidad
Politécnica de  Tulancingo  (Polytechnic
University of Tulancingo), Universidad
Tecnolégica de Mineral de la Reforma
(Technological University of Mineral de la
Reforma), Universidad Tecnoldgica de la Sierra
Hidalguense (Technological University of the
Sierra  Hidalguense), and  Universidad
Tecnoldgica de Tulancingo (Technological
University of Tulancingo).

Assessment of the Need for Blockchain

The analysis was based on a set of criteria to
determine the feasibility of implementing a
blockchain solution instead of a traditional
centralized database. The first step involved
assessing whether the institutions required a
shared database to manage transactions or
academic records. 59% of the participating
institutions indicated that their current systems
already meet their data management needs and
did not consider the use of a blockchain database
necessary. It was highlighted that a blockchain
solution is only viable if there are multiple
parties involved that require shared and
decentralized access to the data.

Blockchain Need
Assessment

= A centralized

database is
41% sufficient

59% A decentralized
database is
required

Figure 1
Blockchain need assessment
Source: Own elaboration

Interaction of Multiple Parties and Trust

The interaction between multiple parties and the
existence of conflicts of interest or trust issues
were analyzed.
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In cases where conflicts of interest or
lack of trust between parties existed, the use of a
trusted third party for transaction management
was considered. However, 82% of the
educational institutions indicated that they rely
on external organizations for regulatory reasons,
which reduces the need for a blockchain solution
that enables peer-to-peer transactions without
intermediaries.

Multi-party interaction

= The institution

depends on
18% external
‘ organizations

The institution
82% does not depend

on external

organizations

Figure 2
Multi-party interaction

Source: Own elaboration

Access Rights and Governance

Another key aspect evaluated was the need for
different levels of access and validation rights in
data systems. 71% of the institutions indicated
that, in general, their current systems already
adequately handle these requirements. This,
combined with the need to comply with
regulations and the reliance on intermediaries,
led to the conclusion that a permissioned
blockchain might be more appropriate for
institutions that require strict control over access
and participation in the network.

Access control required

® The system used

already
adequately
29% handles access

A blockchain
with restricted
access is
required

71%

Figure 3
Access control required

Source: Own elaboration
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Frequency of Change and Consensus

The frequency of changes in operating rules and
the difficulty of adapting these changes in a
blockchain were also evaluated. 65% of the
institutions indicated that decision-making
procedures based on consensus, which are
characteristic of blockchain solutions, might not
be suitable due to the rigidity imposed by this
system.

Frequency of changes

= Frequent rule changes
~

65% No need to frequently
. change the process

Figure 4
Frecuency of changes

Source: Own elaboration

Discussion of results

The study's results provide a clear view of the
current stance of higher education institutions in
Hidalgo regarding the adoption of blockchain
technologies. Based on the analysis, a high
percentage of these institutions (59%) believe
that, under their current conditions, the
implementation of blockchain is not necessary.

This finding aligns with the fact that a
significant majority of institutions rely on
external organizations for the validation of
documents and transactions, which reduces the
need for a decentralized network that
characterizes blockchain technology.
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Feasibility of using
blockchain by
Universities in Hidalgo

12 10

10
8
6 5
4 2
2
0 [
Traditional Blockchain with There's no need
system with  controlled access
centralized
database
Figure 5

Feasibility of using blockchain by Universities in
Hidalgo

Source: Own elaboration

Dependence on Third Parties and Trust

The study highlights that 78% of the institutions
rely on third parties for process validation, which
could be a significant barrier to blockchain
adoption. This high degree of dependence
suggests established trust in traditional
mechanisms and a lack of incentives to switch to
a blockchain-based system. This is a critical
factor, as blockchain's value proposition lies in
its ability to eliminate the need for trusted
intermediaries, thereby reducing costs and
increasing transparency.

Access Rights and Governance

An important consideration in the analysis was
the need to manage differentiated access rights
among institutions. With 67% of institutions
indicating that their current systems already
meet these requirements, there is a lack of
urgency to adopt blockchain solutions that,
while offering sophisticated mechanisms for
rights management, also imply a significant
learning and adaptation curve. This situation is
particularly relevant in contexts where
governance and control over network access are
critical, such as in the education sector, where
the protection of student information and
personal data is paramount.
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Frequency of Regulatory Changes

The difficulty of adapting blockchain systems to
frequent changes in regulations and transaction
rules was highlighted as a concern by 61% of the
institutions. The immutable and consensus-
based nature of blockchain, while offering
security and transparency, can also be a
disadvantage in environments where regulations
change frequently. This inflexibility is a
significant challenge that institutions must
consider when evaluating the feasibility of
implementing blockchain in their processes.

Future Considerations

Although most institutions do not see an
immediate need for blockchain implementation,
the study suggests that some areas could benefit
from the technology, particularly in terms of
improving the security and transparency of
academic records. For those institutions
contemplating blockchain adoption, a private
and permissioned network may be more suitable,
allowing for more rigorous control over who can
participate and how data is managed. This could
be particularly beneficial in the context of
issuing digital certificates and other academic
documents, where integrity and authenticity are
crucial.

In conclusion, although higher education
institutions in Hidalgo currently do not prioritize
blockchain adoption, the study's results provide
a framework for future discussions and
decisions. Blockchain technology still has the
potential to transform various aspects of the
educational sector, but its adoption requires
careful evaluation of the costs, benefits, and
challenges involved. Institutions  should
continue monitoring the development of this
technology and consider its integration when the
benefits clearly outweigh the costs and barriers.

Conclusions

To conclude, the analysis of survey responses
revealed that 80% of the institutions consider it
necessary to maintain a third party in the
document issuance process due to existing
regulations and protocols.
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This need for intermediation suggests
that, while blockchain can offer significant
improvements in terms of security and
transparency, its implementation may be
conditioned by  regulatory  restrictions.
Additionally, the analysis indicated that most
institutions lack the technical infrastructure
necessary for comprehensive blockchain
adoption, highlighting the need for adequate
training and technical support.
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Abstract

The objective of this paper is to present a solution for higher education institutions that hire teachers on a fee basis
and whose qualitative evaluation of students is not considered in existing evaluations.The methodology used is based
on the development of prototypes, which consists of three iterations, in this case. At the end, obtaining a functional
prototype with all the necessary configurations so that the data is obtained through the web application interface,
which will be used to analyze the results of the processed teacher evaluations.The contribution of this work focuses
on the evaluation process of teaching staff hired on a fee basis, since in the qualitative aspect, there is no instrument
that allows us to know the perception of students towards their teachers. The data and graphs provided by the
application will support decision-making in the hiring process.

Resumen

El objetivo del presente trabajo es presentar una solucién para las instituciones de nivel superior que contratan
docentes por honorarios y cuya evaluacion cualitativa de los estudiantes no estd considerada en las evaluaciones
existentes. La metodologia utilizada se basa en el desarrollo de prototipos, la cual consiste en tres iteraciones.
Obteniendo al finalizar un prototipo funcional con todas las configuraciones necesarias para que los datos se
obtengan a través de la interfaz de la aplicacion web, lo cual servira para poder analizar los resultados de las
evaluaciones docentes procesadas. La contribucion del presente trabajo se enfoca en el proceso de evaluacion del
personal docente que se contrata por honorarios, ya que en el aspecto cualitativo, no se cuenta con el instrumento
que permita conocer la percepcion de los estudiantes hacia sus docentes, los datos y graficos que arroje la aplicacion,
apoyaran la toma de decisiones en el proceso de contratacion.

Objectives | | Methodology | | Contribution | Objetivos ‘ Contribucién

Metodologia | |

La metodologia utilizada La  contribucién  del

The objective of this
paper is to present a
solution for higher
education institutions that
hire teachers on a fee
basis and whose
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The methodology used is
based on the development
of prototypes.  which
consists of three
iterations, in this case. At
the end. obtaining a
functional prototype with
all the
configurations so that the
data is obtained through
the web  application
interface, which will be
used to analyze the results
of the processed teacher
evaluations.

necessary

The contribution of this
work focuses on the
evaluation process of
teaching staff hired on a
fee basis, since in the
qualitative aspect, there is
no instrument that allows
us to know the perception
of students towards their
teachers. The data and
graphs provided by the
application will support
decision-making in the
hiring process.
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Introduction

Within the university pedagogical area, teaching
evaluation provides a tool for students with
which they can express their cognition of
teaching performance and form a set of data that
can be processed as useful information.
According to Vega-Angulo et al (2021), without
limiting itself to being a scoring channel but
rather being a medium, which takes into account
the full spectrum of aptitudes, qualities and
methodology shown within the classrooms.

Ehsanipour and Gomez (2017) establish
that the use of technology to collect, store,
process and serve information results in an
effective solution to improve teacher evaluation
processes, coupled with this it provides a
transparent means reaffirming the relationship
between students and teachers.

On the other hand, there are reviews of
research on teacher evaluation, where Ping and
Di (2023) establish that the types of teacher
evaluation concentrate more on the reward and
punishment approach, leaving aside the
attitudinal and emotional part of the teacher,
which is relevant in his performance in front of
the students.

In this context, a web application that
relies on robust server logic may be suitable to
manage assessment operations. Amazon
([AWS], 2024) explains that the server logic,
commonly referred to as "backend", is the
component in charge of managing the general
functionality of the program. It serves as the
agent that captures the client's requests,
processes them and returns a response based on
the communication protocol that is used, it is
invoked via request; all this applying and
combining  parallelism and  concurrency
techniques.

According to IBM (2023), the term
“server logic” obeys the organization of the
three-level architecture for software, which is
predominant within client-server applications.
This architecture establishes a separation of the
software into three logical and physical levels:
the presentation level, application level and data
level, the last two are considered the logical part
of the server.

ISSN: 2444-5002
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

For IMB (2023), the preference for the
three-tier architecture within web development
is justified by the benefit that the separation in
the execution of each level attracts, which allows
greater scalability and maintenance, in addition
to lending itself to optimized development, due
to the possibility of simultaneous production of
each of these three levels.

The application server level constitutes
the logical core of the software, within web
applications generally two terms are handled
together. The so-called web server that is
responsible for hosting the website's own
resources, at the same time resolving requests for
clients using Hypertext Transfer Protocol
(HTTP) requests and communicating over
Internet Protocol (IP) addressing to deliver static
resources such as Hypertext Markup Language
(HTML) pages, media files, or HTTP responses.
Also, the application server that expands the
functionalities of the web server, creating an
execution environment for code that allows data
processing and adding logic to the generation of
dynamic content, in addition to having the
function of intervening as a mediator between
higher levels and inferior to obtaining data.
(AWS, 2024).

Within web development, we opt for the
use of work environments, also called
“frameworks”, these are environments with
functionalities implemented in advance for a
more efficient and optimized workflow. Next.js
is one of the most widespread work
environments today, due to its functionalities,
specifically for server logic, which include some
such as file system-based routing, dynamic or
static rendering differentiated between client and
server; in addition to the possibility of using
asynchronous methods to obtain data through a
defined Application Programming Interface
(API).

Based on what IBM (2024) explains, so
that the application can efficiently and orderly
store the information collected and processed, it
needs a server that defines the parameters for the
physical connection between the application and
a database, this type of services are called “data
servers”.
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According to Halpin and Bloesch (1998),
there are various strategies to model and manage
the database. The Object Relational Mapping
(ORM) technique offers a more graphical,
simple and easy-to-validate development
experience. This technique models information
as objects or entities, instead of working with
information as relational data. Within this
context, to perform modeling and direct
communication with the database, Prisma ORM
is used, an open source project composed of the
following parts: Prisma Client (query generator),
Prisma Migrate (Migration System), and, Prisma
Studio (graphical interface for viewing and
editing the database). This last component is the
only part of Prisma that is not open source
(Prisma Data, Inc., 2024a).

Once the modeling technique is defined,
a database technology such as PostgreSQL is
used, this is an open source project that supports
relational and non-relational types. (The
PostgreSQL Global Development Group, 2024).
To implement this technology Prisma uses the
driver corresponding to PostgreSQL (Prisma
Data, Inc., 2024b).

This project is developed with the
Prototype Model methodology, belonging to the
branch of evolutionary models, such as the
incremental model (Armenta et al. 2018). The
project is focused on the development of the
server logic of a web application in which an
evaluation instrument will be applied for fee-
based teachers at the university level, taking the
case of the Technological Institute of Oaxaca
(ITO).

Part of the project includes the
processing of the data collected during the
evaluation to later be presented in the form of
results reports that can be used to support
decision-making. Obtaining the information that
will be presented will allow administrators to
have data on the student perception of their
teachers and their performance. The
development of the project was carried out under
the prototype software development
methodology to prioritize the rapid development
of the application.
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Methodology

The Prototype Model uses feedback as the main
tool for development; this allows creating a
sample of the possible solution and checking if
it is appropriate or functional for the client. The
necessary iterations are carried out until reaching
a version of the software that provides a
complete solution to the needs of the client or the
project. The Prototype Model is showed in figure
1. It has been important to develop a server logic
that adapts to the needs, requirements and rules
of the institute for teaching evaluation.

Begi.n'mg\ \

Stop

e

Figure 1
Cycle of phases of the prototype model

Source: EcuRed, 2024

The following paragraphs describe what was
done in each phase.

Gathering and refining requirements

The compilation of the requirements was carried
out through a series of meetings with the
managers interested in the development of the
application. First of all. The main functional and
non-functional requirements that must be
applied were defined.

Definition of functional and non-functional
requirements

The system allows users, including professors,
department heads, administrators, and students,
to log in using their institutional email to ensure
authorized access.
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Teachers have access to evaluation
reports for their subjects, while department
heads can see individual and general reports for
all  teachers. Administrators have the
functionality to manage the catalog of evaluation
questions, and students can respond to their
teachers' evaluations. Regarding non-functional
requirements, user passwords are stored securely
using an encryption algorithm. Role-based
access control is implemented to restrict access
to information based on each user's role. Data is
kept separate by area, and personal information
is removed from student responses. Database
queries will be optimized to get responses in less
than three seconds, and student responses are
stored in separate tables with indexes for easy
retrieval.

Role identification

Within the application, access control is
implemented based on roles defined for each
user based on their profile within the institution.

Administrator: Super user, account of the
highest-ranking administrator or boss, has
access to the system function that allows to
him develops his/her responsibilities
inside of the application.

Teacher: It is an account for the evaluated
teachers.

- Department head: Role designated to the
administrators of each department, with
access to the information of the
corresponding professors.

- Academic Subdirector: Role assigned to
the academic subdirector.

- Professional Studies Division: Role for
administrators of the professional studies
division department.

- Students: Rol de los estudiantes para
verificar su estatus de su inscripcion.

Design and Construction of Prototypes
1. Initial prototype iteration

The first iteration of the project consists of the
functional modeling of the server logic, which
includes the design of UML Classes of the APIs
and the database diagram.
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UML Class Diagram
The diagram in Figure 2 graphically reflects the

construction of the APIs and their relationship
with the database.

=

Figure 2

UML Class Diagram of the APIs and the database

Source: Own elaboration

Each entity or object in the database has
its own individual API to handle its Rest
requests, with its respective GET (query),
DELETE (deletion), PUT (update) and POST
(write) methods. All the routes that make up the
API are connected to the database. The latter is
responsible for generating a Prisma client to
manage the interaction with the information in
the database.

Database Diagram
In the UML diagram in Figure 3 you can view in

detail the classes that represent the entities of the
database and how they relate to each other.

o | e sesanamenna

Figure 3
Database UML Diagram

Source: Own Elaboration
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Here the fields that make up each entity
are defined, as well as its relationship with other
objects using the use of foreign keys. This type
of database modeling is essential to carry out
before coding, since it allows you to graphically
conceptualizing the structure and relationship of
the information in order to store it and serve it to
the server's logic.

Evaluation of the initial prototype

During the evaluation of this first interaction, the
need to consider a server logic to manage school
cycles and periods was mentioned. Its purpose
lies in controlling the different phases of the
evaluation automatically within the school year:
1) Definition of the evaluation. 2) Evaluation
period. 3) Results.

2. Improved prototype iteration

This iteration focuses on applying the feedback
notes discussed in the previous section. In
addition to including advanced and additional
functionalities for the application such as the
implementation of API access points to connect
to the database.

Access control design

The implementation of credential access in the
application is based on an authentication
provider that allows users to log in with their
email with institutional domain and password.
This system verifies the existence of the user in
the database and validates the password match.
On success, the authenticated user is returned;
otherwise, specific errors are generated to report
login issues.

JSON Web Token (JWT) generation
enriches the token and user session with relevant
information, facilitating data access throughout
the application.

Additionally, an application exchange
logic function is implemented that protects
specific routes; the user's role and the presence
of the token are verified to determine access to
the protected routes.
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Design of API

The API functionalities related to database
access management are described. The HTTP
methods used, required parameters, successful
responses, and error handling are detailed for
each function. This information is relevant to
understanding the architecture and operation of
the API in the context of the teacher evaluation
system.

Within this design, the feedback
observations from iteration number 1 are
applied, which consist of the implementation of
an API to create school cycles and automatically
manage the evaluation phases.

APl access point for teacher and
administrative information

The first access point allows you to recover all
teachers and administrators from the database,
including their data and those of the associated
department. Uses the HTTP "GET" method,
returning a JSON object with an HTTP response
code of 200 on success, or an error message and
an HTTP response code of 500 on failure.

On the other hand, the "Create New
User" access point allows you to add a new user
to the database using information provided in the
request. This function uses the "POST" method
and requires the associated department and user
ID. If the operation is successful, a JSON object
is returned with the new user's data and an HTTP
response code 200; In case of error, an error
message with an HTTP response code 500 is
provided.

API access point for evaluation information

The evaluations function allows the creation of
new evaluations in the database using the HTTP
"POST" method. Al recibir los datos en formato
JSON, la funcion extrae la informacion y la
Upon receiving the data in JSON format, the
function extracts the information and inserts it
into the database. On success, a JSON is returned
with the created evaluation and a status code of
201. If an error occurs, different status codes are
handled, such as 400 for bad requests and 500
for internal server errors, thus ensuring proper
handling of responses and errors in the system.
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APl access point for evaluation period
information

Function set handles CRUD operations for the
cycles and phases of teacher evaluation in the
database, using specific HTTP methods for each
operation. The "Get Active Cycle and Phase"
function retrieves the currently active cycle and
phase, while the "Create a New Cycle and
Phases" function allows you to create a new
cycle and its corresponding phases. The "Update
Status of Cycles and Phases" function updates
the status of all cycles and phases based on the
current date. Each function handles success
responses and errors appropriately, returning
JSON objects with appropriate HTTP status
codes.

File management library

Within the application, the management of
external files is considered to add information to
the system, for which the set of functions for the
conversion of comma-separated values file
(CSV) to JSON is implemented, this is used to
transform CSV files into objects JSON. The
csvToJdson function is responsible for converting
a CSV file containing data, processing the file,
transforming the headers, and mapping the rows
to a suitable format. Upon completion, the
promise is resolved with the resulting JSON
object, thus facilitating the use of the data in
applications that require this format.

3. Final prototype iteration

This last iteration focuses on the implementation
of the APIs for uploading questions for the
evaluation, and on the development of the logic
for the controllers that process the information
from the database and convert it into useful
results for decision making.

Access point for assessment questions

Here the Rest API functions are defined for
managing the evaluation questions in the
database.

The first process that is handled is the
upload of questions to the database, through the
POST method. This process can make use of the
libraries described in the previous iteration,
offering the ability to register new questions
from a CSV file.
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The process to update and delete
questions within the database is not allowed,
since, in compliance with the organization's
rules, assessments must maintain consistency
throughout the school year, and the ability to edit
or delete questions could cause irregularities
between teacher evaluations, even within the
same phase or within the school year. The only
update process that is allowed for the questions
is the modification of their status; this allows
selecting from the complete bank of questions
those that will be available in the evaluation
during the period.

Finally, the ability to serve the questions,
given by the GET method, it is essential to view
the total compendium of questions, to select later
those that will be available for evaluation.

Drivers

Controllers developed in server logic are mainly
used for information processing. There are two
types within the server:

Controller for individual results:

As their name indicates, these controllers are
responsible for processing the individual data of
a single teacher that the API returns, to generate
useful results for decision-making.

General results: Overall grade, lowest
average and highest average.

- Overall Ratings: Average per question.

- Results by question category: Average of
questions per category.

- Performance by subject: Average grade by
subject.

- Individual question performance by
subject: Average of each question by
subject.

- Distribution of results by question.
- Results by question.

The processed information is returned as a set of
quantitative results that can be graphed by a
client or front-end.
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Controller for results by department:

Unlike the previous controllers, these are not in
charge of processing individual results, but
rather processing all the evaluation results of a
specific department:

- General results: Overall grade, lowest
average and highest average

- General results per teacher: Final average
of questions per teacher

- Average number of teachers evaluated.

- Average results per subject: Final average
per subject for each teacher.

Results by question category: Final
average of questions by category.

- Cumulative results: Sum of the scores for
each question by each teacher.

Likewise, the controllers return a set of
quantitative results that can be displayed
graphically in a client or frontend.

Results

The tests carried out on the application logic of
fee-based teaching evaluation software consisted
of a series of periodic evaluations, ensuring the
correct application of the characteristics of the
methodology, in addition to verifying
compliance with the requirements formulated at
the beginning of the project life cycle.

To develop the tests, data provided by the
institution was wused except for private
information of people, which was replaced by
randomly generated data. With this data, a
massive load of information was carried out to
verify the correct functioning of the
normalization of the database in each of the
tables that make up the system. The result was
satisfactory, supporting the volume of
transactions simulating a real case, in addition to
managing invalidated requests avoiding a break
in the application's workflow. An example of the
database management interface is illustrated in
Figure 4.
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Figure 4

Capture of the database management interface

Source: Own elaboration

In addition to these tests, checks were
carried out on the operation of the API access
points, making a series of requests to each API
address with data in different formats, using API
client software that allows sending HTTP
requests in a simple way. The results of these
tests were satisfactory; the requests were
resolved in a response time within what was
established in the initial requirements, in
addition to carrying out the operations correctly
with adequate management of exceptional cases
avoiding any interruption of the correct
application flow. In figure 5, you can see a
screenshot of the API client interface.

Figure 5

API client interface capture

Source: Own Elaboration
Conclusions

The evaluation of teachers is a process of utmost
importance for educational institutions; knowing
the panorama of teaching performance through
student perception is a very useful tool for
decision-making and for improving educational
quality.
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For the Technological Institute of
Oaxaca, it is of greater importance, because it is
necessary to evaluate the professors who are
hired under the fee scheme.

Making use of technological means to
facilitate the obtaining and processing of
information  represents an advantage in
convenience and efficiency. The results of this
project show that a tool of this type provides
facilities for the institution when it comes to
automating and making the processes of loading,
storage, processing and delivery of information
more efficient.
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Abstract

“Learning Zapotec Diidxaza" is a mobile application that combines various innovative technologies and artificial
intelligence. Its goal is to facilitate and promote the learning of Zapotec Diidxaza. An Incremental methodology was
used, which allows the application to be built progressively, integrating new functionalities in each phase of
communication, planning, modeling, construction, and deployment. This approach facilitates continuous feedback
and adaptability to possible changes (Mills, 1993). The results include various functional modules such as: a
trilingual dictionary with audio recordings by native speakers, a multilingual bidirectional translator, an object
detector, a real-time image translator, learning sessions, assessments, and educational games based on the
pedagogical model of Critical Theory by projects. The application has not only succeeded in offering an interactive
and accessible educational resource but also has the potential to become a driving force for cultural revitalization in
the future, by strengthening the appreciation and preservation of this ancestral language.

Resumen

“Aprendiendo zapoteco diidxaza", es una aplicacion movil que combina diversas tecnologias innovadoras e
inteligencia artificial. EI objetivo es facilitar y promover el aprendizaje del zapoteco diidxaza. Se utilizé la
metodologia Incremental, que permite construir la aplicacion de manera progresiva, integrando nuevas
funcionalidades en cada fase de comunicacion, planeacion, modelado, construccion y despliegue, que facilita la
retroalimentacion continua y la adaptabilidad a posibles cambios (Mills, 1999). Los resultados son los diversos
moédulos funcionales como: El diccionario trilingiie con audios grabados por hablantes nativos, un traductor
bidireccional multilingtie, un detector de objetos, un traductor de iméagenes en tiempo real, sesiones de aprendizaje,
evaluaciones y juegos educativos basados en el modelo pedagdgico de la Teorfa critica por proyectos. La aplicacion
ha logrado no solo ofrecer un recurso educativo interactivo y accesible sino a futuro también convertirse en un motor
de revitalizacién cultural al fortalecer la valoracion y preservacion de esta lengua ancestral..
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Introduction

Mobile learning is considered a teaching and
learning methodology that leverages small
mobile devices (Santiago, Trabaldo, Kamijo,
Fernandez, 2015). This form of learning creates
new opportunities for users to access knowledge.
Today, mobile applications have become
powerful and accessible tools that efficiently
enable learning from anywhere at any time,
offering users the chance to engage more
practically. According to Brazuelo and Gallego
(2011), mobile learning is an educational
approach that facilitates knowledge building,
problem-solving, and the  autonomous
development of diverse skills through portable
mobile devices.

In this context, the mobile application
“Aprendiendo Zapoteco Diidxaza" emerges as
an innovative response to the growing concern
over the loss of speakers of Zapoteco Diidxaza.

This new learning tool allows people to
learn, preserve, and promote the language of
indigenous communities with the help of mobile
devices. This application is part of a ubiquitous
learning process, a concept referring to learning
supported by technology that can be done at any
time and from any place (Santiago, Trabaldo,
Kamijo, Fernandez, 2015). The learning process
becomes essential when it is supported by
technological tools that facilitate direct
interaction between the user and mobile devices.

The mobile app is a multiplatform
innovation, available on Android and iOS, with
the primary goal of promoting and preserving
the Zapoteco Diidxazd language through an
accessible learning experience. It offers various
modules, learning sessions, and interactive
resources such as image association, active
listening, and exercises tailored to the user's
interests.

Additionally, it utilizes artificial
intelligence to detect and translate objects and
text in real time, providing an immersive
learning experience in the user's environment.
As Rodriguez (2015) mentions, mobile learning
is “a form of multimedia learning that allows
individuals to learn anywhere, at any time,
without needing to be in a specific place or time,
using mobile devices” (p. 37).
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One of the app's key features is its user-
friendly functionality, allowing users to interact
easily and seamlessly through their mobile
devices. It includes an English-Spanish-Zapotec
dictionary, as well as a multi-language translator
that raises global awareness of the importance of
preserving indigenous languages and facilitates
knowledge acquisition without borders. The app
provides instant feedback, enabling users to
correct mistakes and improve their skills in real-
time as they actively participate in constructing
sentences,  translating, and  practicing
pronunciation,  thereby  contributing  to
meaningful learning.

The artificial  intelligence-powered
object and text detection feature also allows
users to learn from their surroundings. Using the
device's camera, users can recognize and
translate objects in real time, enriching and
personalizing their own learning experience.

Mexico is one of the countries with the
richest cultural and linguistic diversity in the
world, with 68 indigenous languages and 364
linguistic variants, of which approximately 70%
are at risk of disappearing, a situation that is
unacceptable (Secretaria de Cultura, 2019).

Each indigenous language in Mexico
contributes immense intellectual value to global
linguistic diversity. Therefore, it is crucial to
preserve them and prevent their extinction, as at
least 14 of these languages are in critical danger
of disappearing (INALI, 2019). Zapoteco
Diidxaza is one of the 62 variants of Zapotec
spoken in the state of Oaxaca.

Discrimination is another significant
issue, as there are cases where indigenous
language speakers are stigmatized or treated
unfairly. Additionally, the lack of time and
motivation to learn a new language is
discouraging for many, especially those with
work and family commitments, as it becomes
difficult to allocate time for in-person language
learning. Another factor is the lack of interactive
educational tools and accessible pedagogical
resources that facilitate language practice.
Furthermore, the underutilization of new
technologies is a missed opportunity to reach
more users, especially among younger
generations, who could benefit from learning
and practicing the language through modern
tools.
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Methodology

Software engineering is a discipline that
provides the methodological support for the
development of software and mobile
applications. According to Fairley (1985),
software engineering is defined as the
technological and management discipline
concerned with the systematic production and
maintenance of software products that are
developed and modified on time and within
estimated costs. For Somerville (2004), it is an
engineering discipline that encompasses all
aspects of software production.

There are various software development
methodologies, and the choice depends on the
context of the problem to be solved. According
to Pantaleo and Renaudo (2015), software
development methodology is defined as "a
framework that can be used as a guide for the
activities to be carried out.”

For this project, the incremental
evolutionary software methodology was used.
According to Mills (1999), the philosophy
behind this methodology is to build by gradually
adding functionalities to the program.

The first increment is often an essential
product, containing only the basic requirements,
while many supplementary features are not yet
incorporated. This model focuses on delivering
a functional product with each increment. Early
increments are incomplete versions of the final
product, but they provide users with the needed
functionality and also a platform for evaluation.
In order to apply an evolutionary model, Braude
(2007) states that you must begin with some
priority requirements and leave the rest for later
cycles. Additionally, the user must actively
participate, dedicating time to evaluate and
provide feedback on the partial deliveries. Roger
S. Pressman (2010) emphasizes that throughout
the software development process, it is
important not to lose contact with stakeholders
or the software requesters. This way, the
project’s objectives remain current, and there is
a clear understanding of the aspects that need to
be tested during the testing phase. This paper
covers the following sections: methodology,
development, conclusions, declarations, conflict
of interest, author contributions, availability of
data and  materials, acknowledgments,
abbreviations, and references.
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Development

In the development of the mobile application,
three increments were completed following the
phases of communication, planning, modeling,
construction, and deployment.

In the Communication phase, both the
general and specific objectives of each
increment were outlined, the scope and
limitations of the project were established, and
the functional and non-functional requirements
of the modules were identified.

To identify functional and non-
functional requirements, the user story technique
was used. According to Cohn (2016), "it is a
representation of a requirement written in one or
two sentences using the user's common
language.”

During the Planning phase, a schedule of
activities was created for each increment, setting
the timeframes for task completion, deadlines,
and deliverables for the various modules:
Translation, learning sessions, communication,
games, object and text detection, forum, and user
management.

The Modeling stage focused on software
design and architecture. UML diagrams,
including sequence and class diagrams, were
created, along with the entity-relationship
diagram and the relational model. The database
was built using PostgreSQL, and the graphical
user interfaces were designed.

In the Construction phase, the software
was developed according to the design, and tests
were conducted to verify that it met the
established requirements. The modules were
coded using the React Native framework with
Expo Go and the JavaScript programming
language.

For the object detection module, artificial
intelligence was applied through a convolutional
neural network for image detection and
recognition, and automatic translation was
implemented using the COCO-SSD model. For
the purposes of this paper, the topic of artificial
intelligence is mentioned in general terms, as it
will be explored further in a future article.
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It is important to note that the interactive
learning sessions and multimedia resources
within the mobile application are based on the
pedagogical model of critical theory through
projects. According to Ramirez (2008), critical
pedagogy "considers the educational process
within the context of communicative interaction;
it analyzes, understands, interprets, and
transforms the real problems affecting a
particular community"” (p. 109). Jolibert (2009)
defines the project-based pedagogical model as
"a training strategy aimed simultaneously at
building and developing personality,
knowledge, and skills" (p. 29).

User-centered testing was applied to
determine the validation and functionality of the
application in each increment, as well as for
training the artificial neural network for image
recognition.

Finally, the Deployment phase involved
implementing the increment in the production
environment, ensuring the software was
operational and available for use.

Results

As a result of the development of the mobile
application, the following functionalities are
presented:

To start using the application, the user
must register via email and password, as shown
in Figure 1.

QOO®O

éNo tienes una cuenta? Registrate
aqui

iOlvidaste tu contrasefia?

Figure 1
User Account Registration on the Mobile Application
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Once the user is registered, they can
navigate through the application’s user-friendly
interface, exploring each option displayed, as
seen in Figure 2.

f B

Padiuxi

Aprende zapoteco diidxaza con Biza'

Sesiones de
aprendizaje

Figure 2
Modules of the Mobile Application

The Learning Sessions and
Evaluations module contains interactive lessons
that cover key areas of the Diidxaza Zapotec
language, such as vocabulary, pronunciation,
videos, and audio recordings. It allows users to
track their progress and take language
assessments, offering personalized and instant
feedback, as shown in Figure 3.

Box 3

Nivel Basico

Introduccién Vocabulario
am 2 © 2hr am 1 © 1hr
Gratis Gratis

Figure 3
Learning Sessions Module of the Mobile Application
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A dictionary with advanced search
options and trilingual voice features has been
incorporated, allowing users to listen to and
learn the correct pronunciation of words in
Diidxaza Zapotec, Spanish, and English, as
illustrated in Figures 4 and 5.

<« Diccionario

Diccionario Trilingle

Escribe una palabra y obtén su traduccién y

audio.
empieza -
con

Biza'
Espafiol: Transforma, construye

(ta), construyo, construir

Inglés: Transform

o= BT O

o -0

Figure 4
Trilingual Dictionary of the Mobile Application

Figure 5 shows the Object Detector
module, which uses artificial intelligence and
automatic translation via a convolutional neural
network.

<« Detector de objetos

8o

manzana - manzana - 96%

platano - Biduaa - 94% )

Figure 5
Object Detector of the Mabile Application
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Additionally, Figure 6 illustrates the
Real-Time Text Detector module, which also
employs artificial intelligence and automatic
translation.

-0

« Detector de texto

|

Hola

Tevio detectado:

Hola

Tosto tradwsido o Zapoteoc:

Sratal

Figure 6

Real-Time Text Detector of the Mobile Application

Several interactive games, such as word
searches, crosswords, and word ordering, among
others, have been implemented to help users
practice and reinforce the Diidxaza Zapotec
concepts they have learned. An example is
shown in Figure 7.

Box 7
e

Crucigrama

Completa
correctas
numeradas y las pi
continuacio

locando las letras

bras estan
s se encuentran a
jel tablero.

el crucigrama col

Horizontales Verticales

1.- transforma, 2.- elote
construye,haz 5 _gia

5-t4 -

(e ]z]a] ]|
| [elr] (S
| . .
C .

Debes rellenar todos

»s espacios. Te
quedan -

Figure 7
Interactive Games in the Mobile Application
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Finally, Figure 8 shows the
Collaborative Forum, which allows users to
create new posts by adding a title, content, and
selecting a category.

< Publicacion

Edicién Prueba con aplicacién
1o « S @

Prueba de comentario con otro usuario

2«

Edicién Respuesta desde la app

(=] -~ 7 @

Muy buen poema

102 «

respuesta de prueba

Figure 8
Collaborative Forum of the Mobile Application

Conclusions

The completion of this project marks a crucial
step in the preservation of Diidxaza Zapotec,
successfully addressing the concerning decline
in speakers and the loss of this ancestral
language through the innovative use of new
technologies.

The mobile application has not only
provided interactive and accessible educational
resources to learn Diidxaza Zapotec, but it has
also become a driving force for cultural
revitalization, as its impact transcends the
technological and educational spheres by
strengthening the appreciation and preservation
of this ancient language within the community.

Despite challenges encountered, such as
the lack of pre-existing educational resources
and technological barriers, the mobile
application "Learning Diidxaza Zapotec" has
proven to be a viable and effective solution. It
serves as a pillar supporting the diversity,
creativity, history, and identity of the indigenous
communities in the State of Oaxaca.
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These communities are the guardians of
the freedom of native peoples, promoters of
social inclusion, and fundamental agents in the
strengthening of multiculturalism, values, and
languages on a global scale.

The design, development, and effective
implementation of personalized learning
strategies require vast resources and significant
investment. However, these investments are
certainly worthwhile because personalized
learning holds the potential to radically
transform pedagogical models and make
education more relevant, engaging, authentic,
and effective for all students (Shuler, Winters, &
West, 2013).

Regarding future work, there are plans to
expand the real-time object detection module to
recognize endemic flora and fauna in the
municipalities where Diidxazd Zapotec is
spoken, and to increase the number of
identifiable objects.

Additional tools for video call classes
will be incorporated. Finally, there are plans to
expand the application to include other variants
and indigenous languages from Oaxaca and
Mexico, further enhancing the app's
functionality and reach.
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Abstract

The objective of this project is to develop a telemedicine case as an innovative solution that integrates technology
with remote healthcare services. This device is designed to provide comprehensive health monitoring by enabling
the measurement and tracking of physiologi such as Ire, oxygen saturation, heart rate,
respiratory rate, ECG, and glucose concentration remotely. The case is equipped with sensors connected to a WiFi
module, facilitating the secure transmission and storage of data on an online platform. Biotelemedic has been
developed as an intelligent and user-friendly device, with clear instructions allowing patients to perform
measurements autonomously. Additionally, it supports remote medical consultations via video calls, connecting
patients with their specialist physicians. The implementation of this telemedicine system will enhance access to
quality medical services and optimize healthcare delivery, benefiting individuals who require continuous health
monitoring. This tool not only extends the reach of medical care but also empowers patients to take an active role in
managing their well-being, contributing to more efficient and accessible healthcare in the future.

Objective Methodology Conclusion
Develop a telemedicine Telemedicine solutions are | A telemedicine case project
case as an innovative | developed by analyzing | uses technology to deliver

solution that integrates | healthcare needs, designing remote medical

technology with remote portable and user-friendly | consultations, improving

medical care. systems integrating healthcare access,
medical  devices  and particularly in underserved
communication tools, | areas.

creating a data management
software  platform, and
finally, pilot testing the
system  for  real-world
performance and  user
feedback before  wider
implementation.

Telemedicine, Physiological parameters, Smart device

Resumen

El objetivo de este proyecto es desarrollar un maletin de telemedicina como una solucion innovadora que integre
tecnologia con atencion médica remota. Este dispositivo esta disefiado para ofrecer un monitoreo integral de la salud
del paciente, permitiendo medir y seguir parametros fisiolégicos como temperatura, saturacion de oxigeno,
frecuencia cardiaca, respiratoria, ECG y concentracion de glucosa de manera remota. El maletin esta equipado con
sensores conectados a un médulo WiFi, que facilitan la transmisién y almacenamiento seguro de datos en una
plataforma en linea. Biotelemedic se ha creado como un dispositivo inteligente y facil de usar, con instrucciones
claras para que el paciente realice mediciones de forma auténoma. Ademas, permite consultas médicas remotas a
través de videollamadas, conectando al paciente con su médico especialista. La implementacion de este sistema de
telemedicina mejoraré el acceso a servicios médicos de calidad y optimizara la atencion sanitaria, beneficiando a
quienes requieren seguimiento continuo de su salud. Esta herramienta no solo amplia el alcance de la atencién
médica, sino que también empodera a los pacientes en la gestion de su bienestar, contribuyendo a una atencién méas
eficiente y accesible en el futuro.

Objetivo Metodologia Conclusiones
Desarrollar un maletin de Las soluciones de Un proyecto de
telemedicina como una | telemedicina se desarrollan | telemedicina utiliza la
solucién innovadora que | analizando las necesidades | tecnologia para realizar
integre  tecnologia  con sanitarias, disefiando consultas médicas  a
atencién médica remota. sistemas portatiles y faciles | distancia, mejorando el
de wusar que integran | acceso a la atencion
dispositivos médicos y | sanitaria, sobre todo en
herramientas de zonas desatendidas.
comunicacién, creando una
plataforma de software de
gestion de datos y, por
Gltimo, realizando pruebas
piloto del sistema para
comprobar su rendimiento
en el mundo real y las
reacciones de los usuarios
antes de generalizar su
implantacion.

Telemedicina, parametros fisiologicos, dispositivo
inteligente
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Introduction

In today's digital era, telemedicine has become a
crucial tool that revolutionises the delivery of
healthcare services. The creation of a
telemedicine case emerges as an innovative
initiative that combines advanced technology
with remote medical care, offering a
comprehensive solution for monitoring patients'
health anytime, anywhere (Canovas, L., 2018,
Tovar & Diaz, 2024).

A telemedicine system makes it easier
for patients in rural or hard-to-reach areas to
receive quality medical care without the need to
travel long distances (Padilla et al., 2024). This
is particularly relevant in contexts where the
availability of health professionals is limited
(Dorsey & Topol, 2016). In this sense,
telemedicine optimises the use of healthcare
resources by allowing doctors to see more
patients in less time, which contributes to
reducing congestion in hospitals and clinics
(Bashshur et al., 2016).

Using telemedicine devices, health
professionals can constantly monitor vital
parameters and chronic conditions, which helps
in the early detection of complications and
facilitates more timely interventions (Aceituno
& Jiménez, 2024, Wootton, 2012). In addition,
this system allows patients to receive medical
care from the comfort of their homes,
minimising the stress associated with face-to-
face visits. This feature is especially beneficial
for people with reduced mobility or suffering
from chronic diseases (Rao et al., 2018).

In addition, telemedicine contributes to
reducing costs related to transport and waiting
time in clinics and hospitals. By facilitating the
monitoring of chronic conditions, it also
promotes the prevention of high-cost
complications (Verghese et al., 2018). In this
way, telemedicine is consolidated as an essential
tool to improve the efficiency and accessibility
of health systems.

Telemedicine systems allow for more
direct and frequent communication between
patients and doctors, facilitating more
personalised care tailored to the specific needs of
each individual (Lavi et al., 2020).

ISSN: 2444-5002
RENIECYT-CONAHCYT: 1702902
ECORFAN® All rights reserved.

These systems are supported by
technological innovations, such as the use of
artificial intelligence, data analytics and other
advances that contribute to improving the
accuracy of medical diagnosis and treatment
(Topol, 2019).

The telemedicine case developed in this
project is conceived as a multifunctional
platform that integrates various biomedical
sensors connected to a WiFi module. These
sensors include an electromyography (EMG)
sensor, a temperature sensor and an oxygenation
sensor, which enable the accurate and real-time
capture of essential medical parameters. This
facilitates continuous monitoring and early
detection of vital sign abnormalities.

In addition, the case incorporates a
digital baumanometer and a hand-held
glucometer, both of which allow patients to
quickly and accurately measure their blood
pressure and glucose levels. The ease of use of
these devices promotes patients’ autonomy in
performing these measurements, enhancing their
ability to manage their own health. According to
Cardier  (2016), ‘this remote medical
communication system increases the number of
people receiving help with health problems,
regardless of their location’.

A distinctive feature of this case is its
ability to conduct remote medical consultations
via video calls. Thanks to an integrated camera,
patients can connect with specialists from
anywhere, which not only ensures quick access
to medical care, but also allows for a more
personalised assessment of their health status.
This translates into more effective management
of patients’ medical conditions, providing
greater peace of mind for both patients and their
families.

The telemedicine case project represents
a significant advance in healthcare by offering a
comprehensive solution for health monitoring
and management. The combination of biometric
sensors, measurement devices and remote
medical consultation capabilities has the
potential to substantially improve both access
and quality of medical care by adapting to the
individual needs of each patient.
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Methodology to be developed

The development of the telemedicine case
involves a number of key steps and
considerations to create an effective and
functional solution. First, a thorough analysis of
the needs and challenges in the healthcare field
is conducted, identifying areas where
telemedicine can have a significant impact, such
as accessibility, efficiency and quality of care.
Once the needs have been identified, the
telemedicine case is designed, considering
aspects such as portability, durability, ease of
use and integration of medical and
communication technologies. This may involve
the selection of appropriate medical devices and
sensors, as well as the integration of
communication tools such as webcams and
video conferencing systems.

In addition, it is important to develop a
software platform that enables medical data
management, secure communication between
patients and healthcare professionals, and
integration with existing health information
systems. This involves the development of a
web-based platform that allows doctors to access
patient data, conduct virtual consultations and
remotely monitor patients' health.

Once the case and software platform
have been developed, pilot tests are conducted to
evaluate its performance under real-life
conditions and gather feedback from users and
healthcare professionals. This can help identify
areas for improvement and make adjustments
before implementing the case on a larger scale.

The development of the case focuses on
creating a comprehensive and accessible
solution for patient health monitoring,
combining advanced technology with an
intuitive and easy-to-use interface. The design of
the case is intended to be lightweight, portable
and easily transportable, ensuring that patients
can access remote healthcare anytime,
anywhere.
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Sensor selection

Firstly, the selection of key biometric sensors,
such as the electromyography (EMG) sensor, the
temperature sensor and the oxygenation sensor,
is based on the importance of capturing accurate
and relevant data to assess the patient's health in
a comprehensive manner, and the selection is
made by looking at the following characteristics
and comparing the advantages and
disadvantages offered by each of them.

The characteristics sought are:
- Price.
- Stability.
- Detection range.
- Sensitivity.
Sensor characterisation

The characterisation of each of the sensors was
generated to make a comparison and adjustment
of the operation of each one of them and to check
their correct operation, and to demonstrate the
degree of precision with which the sensors work.
The selected sensors (temperature, oxygen
saturation and heart rate) are characterised by
comparing them with the control sensor of the
PRIMS vital signs monitor. The comparison is
made at the same time instants (11
measurements) under the same conditions, in the
case of the temperature sensor it is tested in an
aqueous environment that allowed temperature
variation (0 °C, room temperature of 35.5 °C and
boiling water at 100 °C); for this, the tests are
performed by immersing both devices at the
same time instants and depth; once the data is
obtained, the correlation coefficient is obtained
to evaluate the significance of the
measurements.

These sensors are connected to a WiFi
module that will allow real-time transmission of
the data to a secure online platform. In addition
to the sensors, the telemedicine case includes
physiological equipment such as a digital
baumanometer and a handheld glucometer.
These devices are designed to be user-friendly
and allow patients to autonomously and
accurately measure their blood pressure and
blood glucose levels.
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The incorporation of a camera and
communication system in the case allows for
quick and easy video calls with medical
specialists. This feature is essential for providing
remote medical advice and real-time
consultation, improving accessibility and quality
of care for patients.

Sensor  system
programming

assembly and  circuit

The assembly of the sensors was carried out on
a breadboard, connecting to an Arduino Uno.
For the assembly, the specifications provided by
the manufacturer of each sensor were strictly
followed. The programming of the circuit is
done using the PHP language for its ability to
integrate with various databases, especially
MySQL.

Design of the case

Regarding the online platform, a user-friendly
and easy-to-navigate interface is developed so
that patients can access their health data, take
measurements with the sensors and schedule
medical consultations with specialists. In
addition, a direct link is provided to allow
patients to connect with medical specialists and
schedule appointments conveniently. The case
has been designed using computer-aided design
(CAD) software, allowing for an efficient layout
of the case's internal components to ensure its
light weight and portability. Each component is
strategically placed to maximise space and ease
of transportation, ensuring that the case is easy
to take with you on the move.

It focuses on providing a complete and
effective solution for patient health monitoring,
leveraging advanced technology and an intuitive
interface to improve access and quality of
remote medical care. Patient healthcare can be
significantly improved by relying on the remote
system model, considered by providing services
in an integrated manner, contributing to the style
of empowerment. In the patient and their home,
and facilitating to take care of the patient's
interdisciplinary group’ (Cardier, M, 2016).

The proposed study aims to develop
telemedicine applications and should take into
account the following issues:
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Universal access to healthcare. This
telemedicine application provides access to high
quality healthcare services to people living in
rural, remote areas or with limited mobility.

Reducing geographical barriers:
Enabling patients to access doctors and
specialists regardless of their geographical
location.

Comfort and convenience: Patients can
access care from the comfort of their own home,
eliminating the need to travel, wait in waiting
rooms and take time off work.

Low cost: Virtual consultations are often
less expensive than face-to-face visits because
they reduce costs and travel time Flexibility with
time: The telemedicine application will allow
scheduling doctor visits according to the
patient's schedule and scheduling appointments.

Continuous health monitoring: The
application will be able to integrate sensors and
medical devices to ensure continuous
monitoring of the patient's health, which is
important for people with chronic diseases.

Lack of good patient modulation: If
communication improves between the different
groups responsible for caring for patients, this
will help you have more tools as well as the
ability to receive expert advice.

Increased  efficiency:  Telemedicine
facilitates  faster and more  efficient
communication between doctors and patients,
thus reducing waiting times and speeding up the
care process.

Patient data management: Implementing
a telemedicine portfolio helps to better manage
medical records, which are essential for accurate
patient health monitoring.

Alleviating health worker shortages: In
areas with a shortage of doctors and specialists,
telemedicine can help increase access to quality
healthcare.

Patient acceptance: The COVID-19
pandemic has increased patient support for
telemedicine, creating opportunities to expand
the programme. It is important to note that the
data and materials used in this research were
available.
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Results

To select the sensors to be used in the prototype,
extensive testing was carried out with each
sensor, as there is a wide range of sensors
available on the market, each with different
prices and features. However, it was decided to
opt for those sensors that would offer the greatest
stability and would have specific measurement
ranges appropriate to the needs of a
physiological model. Factors such as detection
limit and optimal sensitivity were also
considered, thus ensuring superior performance
and accuracy suitable for the prototype's
objectives.

Temperature sensor

To evaluate the temperature sensor, tests were
conducted using the DS18B20 sensor, compared
to a PRIMS vital signs monitor sensor as a
control. Both sensors were immersed in water at
different temperatures: 0 °C, room temperature
of 35.5 °C and boiling water at 100 °C.

Figure 1 shows the graphs corresponding
to the test carried out at 35.5 °C, where it can be
seen that the DS18B20 sensor shows very
similar measurements to those of the control
sensor in the various measurements taken. An R2
value of 0.007 was obtained, which indicates a
significant correlation between the readings of
both sensors. The results show that the
temperatures recorded by both devices are
almost identical, which led to the decision to use
the DS18B20, since it is a cost-effective option
and provides good quality measurements.

The DS18B20 sensor has the ability to
measure temperatures over a wide range,
ranging from -55 °C to +125 °C. This feature
makes it particularly suitable for applications in
a variety of environments, both cold and warm.
In addition, it offers an accuracy of £0.5 °C in
the range of -10 °C to +85 °C, providing reliable
readings for most practical applications. With its
combination of versatility, accuracy and
affordability, the DS18B20 establishes itself as
an excellent choice for integration into
temperature monitoring projects.
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Figure 1
Temperature values (°C), obtained from measurements
between the BS18B20 test sensor and the PRIMS Vital
Signs Monitor sensor control

Source: [Own elaboration]

Oxygen saturation and heart rate sensor

For the measurement of oxygen saturation and
heart rate, the MAX-30100 sensor was used as a
test device, using a PRIMS vital signs monitor
sensor as a control. Figure 2 shows that the
oxygen saturation percentages obtained by both
sensors are very similar, with an R? value of
0.0865 for the test sensor, suggesting low
variability in the recorded data.

In the same way the same sensor can
measure heart rate and in Figure 3, the results
obtained for the measurements made show little
variation.

The MAX-30100 is a widely recognised
sensor for its ability to measure heart rate and
blood oxygen saturation (SpO2). The device
operates using the photoplethysmography (PPG)
method, which is based on the detection of
variations in light reflected from blood vessels,
allowing it to accurately calculate both heart rate
and SpO: levels.

The sensor incorporates red light (660
nm) and infrared light (940 nm) LEDs, essential
elements for the determination of oxygen levels
in the blood. These specific wavelengths are
strategically selected to ensure accurate and
reliable  measurement of  physiological
parameters, making the MAX-30100 a valuable
tool in Dbiomedical and health monitoring
applications.
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Designed for portable applications, the
MAX-30100 features low power consumption,
allowing it to be integrated into long-life devices
such as wearable devices and telemedicine
solutions. This sensor provides accurate and
reliable readings in a wide range of conditions,
making it particularly suitable for continuous
medical monitoring. Thanks to its features, the
MAX-30100 becomes a valuable tool for
healthcare professionals and users looking for
effective monitoring of their physiological
status.
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Figure 2

Oxygen saturation values (%SPO.), obtained from the

measurements between the MAX 30100 test sensor and

the control sensor of the PRIMS Vital Signs Monitor
Source: [Own elaboration]
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Figure 3
Heart rate values with the MAX 30100 test sensor
Source: [Own elaboration]
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Assembly of the sensor system

The assembly of the sensors was carried out on
an assembly board, connecting to an Arduino
Uno. For the assembly, the specifications
provided by the manufacturer of each sensor
were strictly followed. The system integration
consists of temperature, oxygen saturation, heart
rate and respiratory rate sensors. For blood
pressure measurement, a digital baumanometer
will be used, while specialised commercial
devices will be used to monitor glucose levels.
This modular and standardised approach allows
for greater flexibility and facilitates future
system upgrades.

Circuit Programming

The programming of the circuit was done using
the PHP language, known for its ability to
integrate with various databases, especially
MySQL. This feature makes it an ideal choice
for web applications that require real-time data
management and storage. PHP is an open source
language, which means that it is free and
customisable, allowing developers to tailor it to
their specific needs. This flexibility encourages
innovation and the development of new tools
and solutions.

In addition, PHP is compatible with
multiple operating systems, including Windows,
Linux and macQOS, giving developers the
freedom to choose the platform that suits them
best for development. This versatility not only
makes it easier to work in diverse environments,
but also expands the possibilities for
collaboration and software distribution, which
can be especially useful in projects involving
multiple developers or teams.

By implementing PHP for the control
and monitoring of sensor data, a dynamic
interface is achieved that allows users to access
critical information easily and effectively, thus
optimising the end-user experience.

Case design

The case was efficiently designed to include
dividers that facilitate the organisation of the
various components of each sensor, such as the
DS18B20 temperature sensor, oXygen saturation
sensor and heart rate monitor, a glucometer with
commercially available test strips, and a
baumanometer.
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Each of these devices is housed in a
dedicated compartment, ensuring that each
sensor is properly protected along with its
corresponding utensils.

To improve identification and access to
each sensor, representative images were
incorporated into the containers, allowing for
quick location of the devices (see Figure 4).

The case design aims to optimise the user
experience by providing quick and clear access
to each tool. In addition, the dividers are made of
durable materials that protect sensitive
components, minimising the risk of damage
during transport. This attention to detail in the
case design ensures that all devices are ready for
use at any time, which is invaluable in situations
where immediate monitoring of patient health is
required.

Box 4

Figure 4
Design of the telemedicine case
Source: [Own elaboration]

System Operation

In the home interface (Figure 5), the
Biotelemedic philosophy is presented. The user
must then enter a password to access the system.
Once inside, detailed step-by-step instructions
for taking physiological parameters and
initiating a video call with the physician are
displayed.

The patient is guided through the process
of measuring their physiological parameters by a
virtual instructor, ensuring that each step is
performed correctly. The data obtained is
recorded in the system and stored in a database,
allowing the physician to access this information
for continuous monitoring of the patient's
condition, as illustrated in Figure 6. This
integration of technology facilitates more
effective and personalised medical care.
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Figure 5
Biotelemedic's platform home interface
Source: [Own elaboration]

INTERFAZ DOCTOR

Figure 6

Patient information database
Source: [Own elaboration]

Biotelemedic is a smart device that
integrates with an advanced platform designed to
facilitate access to remote medical consultations.
This system is particularly useful for monitoring
chronic and degenerative diseases, such as
diabetes and hypertension. Thanks to its
functionality, Biotelemedic becomes a valuable
alternative for receiving quality medical care,
even in remote areas where access to health
services may be limited.

There are numerous opportunities for
improvement for Biotelemedic. One of the main
ones is the implementation of a long-life battery,
which ensures prolonged use of the device
without the need for frequent recharging, thus
increasing its convenience and efficiency. In
addition, the possibility of attaching more
sensors to the system could allow for a more
comprehensive assessment of patients.
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This would not only enrich the user
experience, but also facilitate  more
comprehensive and accurate monitoring for
healthcare professionals by enabling the
collection of additional vital data in real time.

The expansion of Biotelemedic's
capabilities would not only improve the quality
of medical monitoring, but also open up new
possibilities for telemedicine, contributing to
more comprehensive and personalised care for
patients. With a focus on innovation and
continuous improvement, Biotelemedic could
position itself as an essential tool in the digital
health landscape.
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Conclusions

The development and implementation of a
telemedicine case as a project represents an
innovative response to the growing demands and
challenges in the field of health care. This
initiative integrates advanced technology with
the delivery of health services, creating a system
that enables remote medical consultation in an
efficient and convenient manner. By providing a
set of medical tools and communication devices
in a portable format, the telemedicine case offers
the possibility to treat patients anywhere, even in
remote areas or areas with limited access to
traditional medical services.

One of the main advantages of this project is
its ability to improve access to medical care,
especially in rural or marginalised communities
where distance and lack of resources can hinder
access to quality services. In addition, by
enabling remote medical consultations, the
telemedicine case can reduce waiting times and
increase efficiency in service delivery,
benefiting both patients and health professionals.
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