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Abstract

A descriptive quantitative study applied a 30-item questionnaire to 323
secondary students in Tepic, Nayarit. It examined how often and in what
ways they use the Internet and how this links to language skills. Most
access the web through phones and social networks [Facebook,
WhatsApp], negatively affecting writing and reading comprehension.
Over half seldom apply spelling or grammar rules online and lack
motivation to read; emojis and informal expressions also undermine
fluency and pronunciation. The study concludes that constant Internet
and social-media use erodes mastery of reading, writing, speaking, and
listening, underscoring the need to promote responsible digital practices
and proper literacy.

Influence of Internet use on basic language skills among high
school students in Tepic, Nayarit

Objetives Methodology Contribution

[ ==
= :
— Y
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Internet, Languaje Skills, Students, Influence of Internet

Area: Advocacy and attention to national problems

Resumen

Estudio cuantitativo descriptivo aplicado a 323 estudiantes de secundaria de
Tepic, Nayarit, mediante un cuestionario de 30 items. Se examind la
frecuencia y modalidad de uso de Internet y su vinculo con las habilidades
lingiiisticas. La mayoria se conecta con teléfonos y redes sociales [Facebook,
WhatsApp], lo que repercute negativamente en su escritura y comprension
lectora. Mas de la mitad rara vez aplica reglas ortograficas y gramaticales
online y carece de motivacion para leer; el uso de emoticones y
expresiones informales merma la fluidez y pronunciacion. Se concluye
que el uso constante de Internet y redes sociales deteriora el dominio de
leer, escribir, hablar y escuchar, evidenciando la necesidad de fomentar
practicas digitales responsables y una escritura y lectura adecuadas.

Influencia del uso de Internet en las habilidades basicas del
lenguaje en estudiantes de secundaria de Tepic, Nayarit

Objetivos Metodologia Contribucién

Internet, Habilidades del lenguaje, Estudiantes, Influencia
del Internet
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Introduction

Information and Communication Technologies
[ICT] have become a crucial tool for
transforming education and training in human
skills and competencies. Technology is present
everywhere, from work to our closest circles and
our own homes. Education plays a fundamental
role in this digital process, not only because it
allows students to acquire the skills necessary to
survive in this technology-focused society, but
also because it contributes to their own learning
experience.

The use of technology is not new to
society, but its use, particularly the Internet, has
increased, making it an important tool in
education. In the case of the actions carried out
by the Ministry of Public Education [SEP],
‘since the 1980s, it has introduced educational
technologies as part of its strategic lines of action
to contribute to raising the quality of education’
[Enriquez, 2011, p.3].

People's language skills are influenced
by new information and communication
technologies. ‘People with greater access to
technologies seem to have better skills in the use
and understanding of their languages;
experience has equipped them with greater
communication skills that allow them to better
integrate into this new culture’ [Baquerin, 2007,
p. 94]. Unfortunately, there are many risks on the
Internet, as well as many ways in which they can
arise. It is therefore important to determine
strategies to prevent the risks to which minors
are exposed on the Internet, but part of the task
lies in the hands of parents to ensure that minors
use technology in a conscious, responsible and
safe manner [Aguilar, Delgado, De Abiega,
Lopez and Gallegos, 2023].

Adolescence is one of the stages of life
where the use of the Internet has become one of
the most important tools for developing
communication skills and competencies, as
young people are the ones who have the most
contact with the Internet and who are influenced
by this technology, which has altered their basic
language skills. According to the Asociacion de
Internet Mx, in its 17th Study on the Habits of
Internet Users in Mexico 2021 [Asociacion de
Internet, 2021], Mexico reached 84.1 million
Internet users in 2020, of which a quarter, or
around 21 million Internet users, are minors.

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

Social concern about excessive Internet
use among adolescents and the influence it has
on them is growing, as the new styles of
communication that make up this computer
network tend to alter people's basic language
skills. ‘Abuse of social media has been linked to
depression, attention deficit hyperactivity
disorder, insomnia, reduced total hours of sleep,
decreased academic performance, and school
dropout’ [Arab and Diaz, 2015].

Added to this are the famous viral
challenges, which can range from harmless to
highly dangerous. For example, the ice bucket
challenge was part of a charity campaign for
people with amyotrophic lateral sclerosis, but
others, such as the Blue Whale Challenge, put
the physical or mental integrity of anyone who
plays it at risk, which affects children and
adolescents. There are other challenges that
threaten the lives of those who decide to take
them on, such as Momo, the Clonazepam
challenge, or the challenge of disappearing for
48 hours and reappearing when a search notice
has been issued. All these challenges are spread
through social media and thus have a significant
impact on the number of people affected
[Milenio Digital, 2022 and Yedra, 2023].

The development of basic language skills
in adolescence is essential, and such training has
been innovated with the advent of ICT. The
family plays an important role in this
technological sphere in terms of access to the
Internet, having learned to use technologies from
childhood and now mastering them perfectly.

A study on the effects of parental
mediation,  digital  skills, gender and
socioeconomic status on Internet use among
children and adolescents, conducted by Pérez
and Brenes [2022], shows that in a context where
parents practice active mediation and where
children and adolescents have digital skills, it is
more likely to maximize the benefits of Internet
use and protect children and adolescents from its
risks. Some researchers agree on the need to
integrate subjects related to cybersecurity from
the basic level, considering that the internet is an
important tool in the educational field, in order
to promote a culture of prevention from an early
age, minimise risks and enable young people to
consolidate good practices when surfing the
internet [Fauzi and Bours, 2020; Martinez, et al.,
2021; and Matkovi¢ et al., 2021].
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Despite the benefits of using the Internet
in the academic and personal lives of adolescents,
its excessive and unsupervised use has had
adverse effects on the development of basic
language skills, such as reading, writing,
speaking and active listening. Among the main
causes are constant exposure to social media, the
use of informal expressions, the omission of
spelling and grammar rules, and the tendency to
use abbreviations and emoticons in everyday
communication.

These practices affect language structure,
reduce writing quality, and weaken reading
comprehension, which can impact academic
performance and social interaction. In this
context, the following research question arises:
What is the influence of Internet use on the
development of basic language skills in
secondary school students in the municipality of
Tepic, Nayarit?

Therefore, this study is important in
order to determine the influence of Internet use
on basic language skills, as well as the uses that
secondary school students give to this computer
network.

Justification

Internet use has become an essential tool in the
daily lives of adolescents, particularly in the
educational sphere. However, its use without
educational criteria or adequate guidance has
generated new communication dynamics that
directly impact the development of basic
language skills: reading, writing, speaking, and
listening.

These skills are fundamental to the
construction of knowledge, effective social
interaction, and students' academic performance.

Numerous studies have warned of the
risks of intensive use of digital devices and
social networks, such as deterioration in spelling,
reduction in vocabulary, loss of verbal fluency
and decline in reading comprehension.

In the local context, particularly in the
municipality of Tepic, Nayarit, there is a lack of
systematic research addressing this issue from an
educational perspective, with empirical data that
would allow us to understand the magnitude of
the phenomenon.
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This research is relevant because it will
contribute to the diagnosis of an emerging
situation that directly affects the teaching-
learning process at the secondary level. It will
also provide useful evidence for designing
pedagogical strategies, school policies, and
preventive actions aimed at promoting conscious,
critical, and responsible use of the Internet
among adolescents.

The relevance of the study lies in the fact
that, by identifying the effects of the digital
environment on language skills, educational
practices that favor the comprehensive
development of students can be reinforced.

Theoretical Framework
Internet

According to Caballar [2023], the Internet is a
global network that has radically transformed the
way we live, work and communicate. Its
definitions and perspectives vary depending on
the author, but its impact on society and culture
is undeniable. Online safety, the reliability of
information and the balance between digital
connectivity and privacy are key issues in the
Internet age. Currently, the percentage of
Internet networks in the world has increased,
indicating that as the years go by, the world's
population has more and more access to the
Internet, including children, adolescents, and
adults.

Kemp [2020] mentions the following:
Although at a slower pace, the number of
Internet users worldwide continues to grow,
according to the latest data from the 2020 report
by We Are Social and Hootsuite. While the 2019
edition of the report stated that there were 4.388
billion Internet users worldwide, more than half
of the global population, in 2020 this number has
already reached 4.54 billion, or 59% of the
world's population [p.3].

According to Gutiérrez [2006], the
arrival of the internet in Mexico began in 1989,
when the Monterrey Institute of Technology and
Higher Education established the first dedicated
link to the National Science Foundation [NSF]
network through the University of Texas School
of Medicine in San Antonio [UTSA], using the
Internet's own connection protocols. The first
computer was then connected to the Internet
under the .mx domain.
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This highlights the importance of the
Internet in education, as it was two universities
that first established a connection to this network
in Mexico. Subsequently, the Internet expanded
its network, and this tool was no longer used
only in the educational sphere, but began to grow
in the commercial and journalistic sectors,

eventually reaching a large number of
households.

In 2018, the National Survey on the
Availability and Use of Information
Technologies in Households [ENDUTIH] noted
that ‘In Mexico, there are 74.3 million Internet
users and 18.3 million households with fixed or
mobile connections, 52.9%’ of the national total.
By 2022, there were 5.3 billion Internet users
worldwide, equivalent to 66% of the world's
population, leaving 2.7 billion people still
disconnected. According to the Internet MX
Association, there are 96.8 million Internet users
in Mexico, or 80.8% of the population aged 6
and over.

The digital divide stands at 20%
[ENDUTIH, 2018].

Velastegui [2019] points out some
advantages and disadvantages of the Internet:

a) The Internet is one of the most widely
used tools today for commerce,
socializing, research, education or
simply entertainment. However, this tool
has its pros and cons, such as advantages
and disadvantages.

One of the disadvantages of social
networks such as Facebook is that it generates
thousands of kidnappings due to this great tool,
but it has also promoted some movements such
as peaceful revolutions.

b) Currently, if it is used incorrectly, it can
harm many and perhaps thousands of
people, but it can also help them or give
them some benefit as long as it is used
correctly.

C) In recent years, social networks
specializing in a particular social or
economic activity, sport or subject have
emerged. Some examples are Facebook
and Twitter, which allow us to express
our views on social issues.
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This satisfies an inherent human need to
be part of groups with common characteristics
and interests.

d) The internet is a means of
communication that is being adapted and
integrated on a daily basis at work, in
social life and in entertainment, as it
offers endless possibilities.

Communication has allowed us to be
closer and faster to where the news is generated,
and even to the great advances that are taking
place every day as it is used by this medium [pp.
35-45].

Language skills

Language skills are known by a variety of terms
based on two main areas: oral and written. Over
time, people strengthen these skills, which allow
them to function in society. The above idea is
reinforced by the following text: "When using a
language, we can act on four levels, which we
can differentiate according to our position in the
interaction, sender or receiver, and according to
the medium through which it is expressed, oral
or written.

These four linguistic abilities, also
known as skills, communicative abilities or
macro-skills, are listening, speaking, reading and
writing" [Balanza, 2016, p.14].

Linguistic abilities are part of human
development and are practiced regularly,
although people develop some abilities more
than others. A study by Rivers and Temperley,
conducted in 1978 and cited by Balanza [2016],
reports that ‘In oral language skills, we develop
listening at 45%, while speaking accounts for
30%. On the other hand, written communication
skills account for 16% of writing and only 9% of
reading’.

Listening is the skill that humans develop
the most. As mentioned in the previous
paragraph, through hearing, we acquire
knowledge that allows us to function in society.

"In his research to formulate his theory
and approaches to Emotional Intelligence,
Goleman identified the art of listening as one of
the main skills of people with high levels of
emotional intelligence.
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He considers it to be the first of the skills
that determine the management of relationships,
which makes it possible to understand others,
including perceiving their feelings and
perspectives" [Codina, 2004, p.15].

The second skill that is developed is
speech, and in third place is writing. Reading is
the skill or ability through which greater
knowledge is acquired. It also fulfils various
functions in people's lives. According to
Gutiérrez and Monte [2004, p.44], "Reading is a
fundamental tool for personality development,
but it is also essential for socialization as an
essential element for living in a democracy and
functioning in the information society.

Reading not only provides information
[instruction] but also shapes [educates] by
creating habits of reflection, analysis, effort,
concentration... and it recreates, gives pleasure,
entertains and distracts."

That said, it is recognized that listening,
speaking, writing and reading are linked
language skills that drive the knowledge that
individuals acquire throughout their lives, and
that without these skills or abilities, there would
be no personal, social and emotional
development that allows society to carry out its
daily activities, which, with the advent of new
technologies, involves the constant and
reasonable use of these skills.

The linguistic skills that human beings
develop are reinforced or stimulated mainly at
school, but they are not limited to what a student
can learn through teachers or textbooks. Rather,
the media facilitate this learning and strengthen
their linguistic skills, and the role of
technological advances in education is
increasingly unavoidable.

Today, young people's education has the
best opportunities and most valuable tools than
in other eras, enabling them to become
competent in training with better language skills
[Chen, 2017, p.20].

Adolescents are capable of modifying
their language skills, influenced by the vast
amount of information they find on the Internet
and everything that this entails, from social
networks to music platforms [Arab & Diaz,
2015].
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Therefore, this causes their oral skills and
personal interaction to decline because they
spend part of their time using these technologies.
However, they continue to develop these skills,
albeit in a different way.

Diaz [2019, p.7] in his research Social
Networks and their Impact on the Language of
the University Population points out that ‘In the
use of social networks, one can see the misuse of
grammatical rules, serious spelling errors, lack
of lexical precision, incoherence of texts, the
replacement of sentences with drawings or
symbols, among other aspects’.

This affects the fundamental bases of
their daily lives, mainly when developing texts
or academic arguments.

"Teenagers imitate the behaviors they see.
It is their way of growing up; they imitate their
friends, their family members, their idols... They
imitate the way they dress, the way they behave,
the way they speak... Sometimes they seem to be
mirrors of their surroundings" [Toro, 2019, p.1].

Talking about imitating behavior
involves all language skills, from listening,
speaking, reading and writing, because these
skills reflect their way of being. On the other
hand, there is a change in writing and reading
due to the various activities carried out on the
Internet and social media, as adolescents find
texts that do not contain moving images less
interesting and lose interest in reading them.

This points to a decline in conventional
writing standards, as each young person forms or
adopts a way of writing according to fashion or
whatever facilitates this skill. Some of the
content found on the Internet and social media
and the emergence of new audiovisual and
written expressions are bringing about a change
in adolescents, as they tend to use verbal
expressions that are closely related to what is
considered fashionable [Murden and Céardenas,
2018, p.6].

The research thesis entitled Analysis of
the influence of the social network Facebook on
the correct application of spelling in writing
among adolescents at the Francisco de Orellana
National School in the Guayaquil Canton, by
Cevallos [2015], shows that 70% of adolescents
have Facebook on their mobile phones, followed
by YouTube with 22%, then Instagram with 6%
and finally Twitter with 2%.
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All these applications are used for
entertainment purposes, such as interacting with
content, images or videos. This research shows
that adolescents have various applications on
their mobile phones that require the use of the
Internet.

Cevallos's research [2015] also shows
that Facebook influences the learning and
spelling skills of adolescents, with 51%
believing that it does and 49% believing that it
does not. This information suggests that
Facebook influences the spelling of teenagers'
writing, but it does not define whether this
influence is positive or negative.

However, 24% consider that it affects
them by 50%, 22% indicated that it only affects
them 25%, 12% indicated that it affects them
75%, and 9% of those surveyed indicated that it
affects them 100%. Then there are those students
who say they do not feel seriously affected by
the use of the social network Facebook.

The results obtained in the thesis
‘Influence of the Internet, SMS and Social
Networks on Spanish Writing” by Torres [2013]
analyze the alterations to writing in both
physical and digital formats. The results indicate
that the Internet and social networks have an
influence, but not in a productive way on the
writing skills of adolescents, since the
applications that are accessible when connected
to the Internet deteriorate the way adolescents
write, not only when they do so digitally, but also
when they follow the pattern of error when they
present their writing in physical form.

In addition, their reading skills are also
affected, as according to the percentage shown
in the previous research, most adolescents only
copy and paste, rarely reading the information
obtained from the Internet to do their work or
homework. This indicates that their reading
ability or their scope of reading and
comprehension are increasingly limited.

A survey on Digital Media Consumption
and Reading conducted by BANAMEX [2015]
on a total of 2,102 young people aged 12 to 29
found that the most frequent activities they
engage in are chatting [87%], social networking
[85%], reading books [27%] and reading online
magazines [12%].
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This indicates that even with the use of
the Internet and social media, reading remains a
low percentage of young people's activities, and
there is no motivation to read when using
technology.

Methodology

This research adopts a quantitative approach,
which allows for the collection of objectives,
measurables, and comparable data, suitable for
describing and analyzing social phenomena in a
systematic way [Hernandez, Fernandez &
Baptista, 2014]. It is a descriptive study, as its
purpose 1is to observe and detail the
characteristics of a particular situation: the use of
the internet and its consequences on secondary
school students.

The research is non-experimental, given
that the wvariables are not deliberately
manipulated, but rather observed in their natural
context [Sampieri et al., 2014]. Likewise, a
cross-sectional design is adopted, since the
information is collected at a single point in time,
which allows for a snapshot of the phenomenon
being analyzed.

Population

The target population consists of 2,000
secondary school students, distributed across
five educational establishments located in the
municipality of Tepic, Nayarit. This population
represents diversity in terms of age, gender and
sociocultural context, allowing for a more
comprehensive approach to the phenomenon
under study.

Sample

A simple random probability sampling
technique was used to select the sample, which
gives all members of the population the same
chance of being selected, thus ensuring
representativeness [Arias Galicia, 2012].

The final sample consisted of 323
students, a number calculated considering a 95%
confidence level and a 5% margin of error, in
accordance with accepted statistical criteria for
social research [Sampieri et al., 2014].
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Instrument

The data collection instrument consisted of a
structured questionnaire with 30 closed-ended
multiple-choice questions, designed to measure
variables related to excessive internet use and its
impact on the academic, social, and emotional
lives of adolescents. This instrument was
adapted from Tipantufia's [2013] study entitled
‘Internet addiction and its consequences in
adolescents’.

To ensure its validity and relevance in the
new context, semantic and  structural
adjustments were made, and a pilot test was
conducted with a small sample of students. In
addition, the questionnaire was validated by
expert judgement, who evaluated the
consistency, clarity and relevance of the items
included.

Results
Frequency and form of Internet use

The majority of students surveyed reported a
high frequency of Internet connection: 51%
indicated that they always connect and 31% that
they often connect, reflecting intensive use. In
terms of the devices used, 75.2% access the
Internet via mobile phones, well above the use of
tablets [8.5%].

Regarding the place of connection,
67.4% connect from home, while 27.9% connect
in other public or school spaces.
In terms of weekly usage time, 36% reported
using the Internet between 6 and 10 hours, and
another 36% reported using it for more than 10
hours, representing prolonged exposure that
could interfere with other educational or
recreational activities.

Activities carried out on the Internet

The most frequent activities were accessing
social networks [38%] and consuming
multimedia content such as music and videos
[30.2%)].

Only 14.7% of students reported using
the Internet mainly for schoolwork, which shows
that its use is more recreational than academic.
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Likewise, 59% acknowledged staying up
late because they were connected to the Internet,
and 56% considered that their academic
performance was affected by this habit.

Impact on writing

When asked about the use of spelling rules,
57.4% said they rarely apply spelling and
punctuation rules on social media or digital
platforms, while 46.5% said they ‘often’ use
them when writing in notebooks or school
materials. The  difference  suggests a
deterioration in conventional writing when
moving to the digital environment.

In addition, 55.6% of students said they
write the word ‘secondary’ as ‘cq’ and 54.3%
acknowledged having learned this on the
Internet, which shows a direct influence of social
media on linguistic conventions. 59.7%
considered that replacing words with emoticons
or symbols does negatively affect their writing.

This type of graphic abbreviation, while
functional in informal settings, tends to hinder
the practice and consolidation of formal writing.

Impact on reading

With regard to reading comprehension, 50.4%
said they understand printed texts better,
compared to 49.5% who prefer digital texts,
showing divided opinions.

However, 56.6% mentioned that using
the Internet does not motivate them to read more,
indicating a lack of reading stimulation through
digital media.

In terms of reading fluency, 42%
consider that they read with the same ability in
both digital and paper formats, although 37%
reported greater fluency in printed texts and only
21% in digital texts.

Impact on oral and listening skills

35.7% of students said they frequently use
expressions learned on the Internet, and 33.3%
always do so, which shows the influence of
informal language on their everyday speech. In
addition, 41.8% believe that the Internet has had
a negative influence on their oral expression.
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In terms of active listening, 59.7% said
they pay attention to their conversation partners
in face-to-face conversations, although 40.4%
admit to being distracted by personal or internet-
related thoughts during the conversation.
Likewise, 37.2% perceive a negative influence
of the internet on their listening skills, compared
to 33.3% who consider it positive.

Summary of general perception

Overall, students identify a negative impact of
Internet use on their language skills:

- 42.6% in writing

- 41.8% in oral expression
- 39.5% in reading

- 37.2% 1in listening

In addition, 53.5% believe that the
Internet and social media negatively affect their
writing, which reinforces the hypothesis that the
digital environment alters conventional language
practices [see Figure 1].

0 Escritur:

Figure 1
Student perceptions of the influence of the
Internet on language skills

Discussion of the results

The results obtained in this research show a
significant relationship between constant
Internet use and changes in basic language skills
among secondary school students in the
municipality of Tepic, Nayarit. This influence is
perceived as mostly negative, especially in
writing [42.6%], oral expression [41.8%] and
reading comprehension [39.5%].

In terms of writing, the data confirm that
adolescents tend to reproduce communication
patterns typical of the digital environment, such
as word abbreviations, the use of emoticons and
the omission of spelling rules.
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This finding coincides with that of Diaz
[2019], who identified a deterioration in written
language among university students due to
informal practices promoted by social networks.
The writing of terms such as “secondary” in
alternative forms such as “cq” and the lack of
systematic application of grammatical rules
confirm this trend.

With regard to reading, although there is
a similar proportion between those who
understand printed texts better [50.4%] and
digital texts [49.5%], more than half of the
students [56.6%] indicated that the use of the
Internet does not motivate reading. This lack of
encouragement contrasts with the potential that
digital media offer for presenting interactive or
multimodal texts, revealing a missed opportunity.

These findings coincide with the results
of BANAMEX [2015], which show that reading
is not among the priority activities in
adolescents' use of the Internet.

In the case of oral expression, a
significant proportion of students [35.7%]
acknowledged that they wuse phrases or
expressions learned on social media. This
situation reflects the findings of Murden and
Cardenas [2018], who state that adolescents tend
to adopt fashionable expressions that transform
their everyday speech, sometimes limiting the
richness and lexical diversity of language.

In terms of listening, although a majority
[59.7%] claim to pay attention in face-to-face
conversations, a considerable percentage are
distracted by thoughts related to online activities,
which can interfere with their ability to listen
actively. This reinforces the argument put
forward by Codina [2004], who highlights
listening as a core competence in emotional
intelligence and warns that its weakening
negatively affects interpersonal communication.
In general, students perceive that Internet use
affects their language skills, especially in a
negative way.

This phenomenon is consistent with what
has been reported in studies such as those by
Tipantufia [2013] and Torres [2013], who
document how digital language, rather than
strengthening communicative competence, can
weaken it if conscious, reflective and learning-
oriented use is not encouraged.
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Therefore, the findings of this study
underscore the need to develop pedagogical
strategies that integrate the use of technologies
with clear educational objectives. Digital
literacy must be accompanied by the
strengthening of language skills in educational
and family contexts, promoting the critical use
of language in digital environments.

When asked whether they considered
that the use of the Internet and social media
changed their writing style, 53.5% said yes, but
in a negative way, 18.6% said yes, but in a
positive way, and 27.9% said that the Internet
and social media had no influence on their
writing style [see Figure 2].

u Si, de manera
ositiva
m Si, de manera

negativa
H No, no tiene

ninguna relacién

Figure 2
Relationship of the internet and social
networks on writing

It is also observed that students rarely use
spelling and punctuation rules when using the
Internet or any Social Network, reaching more
than half of the percentage of respondents with
57.4%, for those who often use them 27.1% and
students who always use spelling rules are
15.5% [see figure 3].

m Rara vez
l ® A menudo
27.1% 57.4%
Siempre

Figure 3
Use of spelling and punctuation rules on the
Internet and Social Networks
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Conclusions

It is alarming that the activity they do least on
the Internet is searching for information for
school assignments, as this should be the main
reason why teenagers access this medium, and
with parental supervision, since they are at a
stage in their lives where curiosity and the desire
to explore lead them to seek out content that is
not suitable for their development. However,
social media, watching videos, listening to music
and online games take up most of the time
teenagers spend online.

Teenagers show changes in their writing
based on situations observed on the Internet and
some other media such as television. The
Internet is characterized by transmitting idioms
in its various contents, which over time alter
conventional writing. These oral and written
expressions reduce the time spent writing to
communicate with peers. In addition, the use of
emoticons is also part of the reduction and
alteration of writing, as 59.7% replace words or
letters with emoticons and symbols. Among the
changes are also the elimination of letters in
words and the replacement of one letter with
another, which in turn alters the fluency of
teenagers' reading and speech, as they do not say
the words in their original phoneme.

What adolescents have found with the
use of the Internet are changes in verbal
expression, as they often use words or phrases
that they hear or read on the Internet and that are
not always appropriate for their age group. It is
noteworthy that 57.4% of adolescents rarely
follow grammatical rules when writing on the
Internet or social media, however, 46.5% often
use grammatical rules when writing in
notebooks, sheets of paper or books.

This comparison indicates that a higher
percentage of adolescents alter their grammar
even more with the use of these technologies.

It appears that adolescents' reading is less
fluent when done through digital texts and that
they understand printed texts better. Furthermore,
their way of reading remains the same even with
the use of new technologies. In fact, 56.6% have
not found motivation on the Internet to promote
the habit of reading, even though more graphic
support or eye-catching texts can be found in this
medium.
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As a general conclusion, it is noted that
the use of the Internet and all the elements that
make up this network alter the linguistic process
of adolescents, as 42.6% considered this network
to have a negative influence on their writing,
41.8% similarly found a negative influence on
their oral expression [speech], 39.5% considered
it to have a negative influence on their reading
ability, and 37.5% considered it to have a
negative influence on their listening ability.
These figures represent the highest percentages
for each of the linguistic skills. Although
adolescents are facing a series of technological
changes, as mentioned by Zayas [2011, p. 151],
‘ICTs have generated new reading and writing
situations and, as a result, have introduced new
genres of texts or modified existing ones,’ they
must be aware that using the Internet, social
networks, watching videos, and everything else
they can do with access to these technologies
produces new opportunities for knowledge
growth that they should use to their advantage.

Recommendations and
implications

pedagogical

The findings of this research point to the urgent
need for pedagogical intervention in the use that
adolescents make of the Internet and social
networks, in order to prevent the deterioration of
their language skills and promote the educational
use of technologies. Based on the results
obtained, the following recommendations are
proposed:

1. Promote critical digital literacy in the
classroom:

Schools need to incorporate content and
strategies that promote thoughtful, ethical, and
responsible use of digital technologies. It is not
enough for students to know how to ‘use’ the
Internet; they must be able to distinguish
between formal and informal writing, as well as
apply appropriate linguistic norms according to
the context.

2. Design school activities integrated with the
digital environment:

Teachers can take advantage of students' interest
in social networks and digital media to develop
activities that strengthen comprehensive reading,
formal writing and oral expression, integrating
digital texts, school blogs, podcasts, among
others.
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3. Implement parental guidance and mediation
programmes:

The role of families is key in supervising the use
of digital devices. It is suggested that workshops
be implemented for parents on active mediation,
limits of use, and support for online learning, as
proposed by Pérez and Brenes [2022].

4. Strengthen critical digital reading:

Given that students do not find a natural stimulus
for reading on the Internet, it is essential to
promote critical reading strategies in digital
environments that not only privilege audiovisual
content, but also teach how to interpret, contrast
and produce coherent and well-structured texts.

5. Include subjects or modules on language skills
in the digital age:

As suggested by Fauzi and Bours [2020],
incorporating  topics such as  cyber
communication, academic writing in digital
media, and cybersecurity into the school
curriculum can raise awareness of the
implications of online communication and its
influence on language.

6. Periodically assess the impact of the digital
environment on language development:

It is recommended to conduct biannual school
assessments of language skills, cross-
referencing the results with patterns of
technology use, in order to adapt teaching
strategies to the new challenges presented by
digital environments.

Clearly explain the results and
possibilities for improvement.
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Abstract

This article presents the design of an integrated web-based system to optimize
document and administrative management in an agrarian community. The research
arose from the need to modernize ejido processes, traditionally managed manually,
which generates inefficiencies, risks of document loss, and difficulties in accessing
information. The study employs an agile development methodology, which
includes gathering requirements through interviews with key stakeholders
such as the ejido commissioner and ejidatarios. As a result, a technological
architecture is proposed that includes the design of a relational database to
ensure data integrity, user stories, and an intuitive user interface. The system
integrates modules to manage the ejidatario registry, resources, legal
documentation, and administrative activities, constituting a tool for
transparency, efficiency, and decision-making in the agrarian community.
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Area: Advocacy and attention to national problems

Resumen

Este articulo presenta el disefio de un sistema web integrado para optimizar la
gestion documental y administrativa de un niicleo agrario. La investigacion surge
de la necesidad de modernizar los procesos ejidales, tradicionalmente manejados
de forma manual, lo que genera ineficiencias, riesgo de pérdida de documentacion
y dificultades en el acceso a la informacion. El estudio emplea una metodologia de
desarrollo agil, que incluye la recoleccion de requisitos a través de entrevistas con
actores clave como el comisariado ejidal y ejidatarios. Como resultado, se propone
una arquitectura tecnologica que comprende el diseflo de una base de datos
relacional para garantizar la integridad de los datos, historias de usuario y una
interfaz de usuario intuitiva. El sistema integra modulos para gestionar el padron de
ejidatarios, recursos, documentacion legal y actividades administrativas,
constituyendo una herramienta para la transparencia, eficiencia y toma de
decisiones en la comunidad agraria.
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Introduction

In Mexico, every ejido or agrarian community
has its own Ejido or Communal Property
Commissariat and its Oversight Council, in
accordance with Article 39 of the Agrarian Law.

These councils are appointed for three
years.

Some ejidos and agrarian communities
have added powers and obligations for the
Commissariat in their internal regulations or
communal statutes, such as the following:

- Carry out negotiations with government
agencies for the benefit of the
community or ejido.

- Prepare and present a work plan to the
assembly.

- Coordinate work related to the
community's lands and natural resources.

- Convene and chair assemblies, in

coordination with community authorities.

- Report and provide clear accounts to the
assembly every three months.

- Promote the updating of the general
registry of community members or
ejidatarios every two years, with prior
authorization from the general assembly.

The above is intended to benefit its
members and promote better use of resources,
regardless of the sector in which each
agricultural center is engaged.

To date, most of these commissaries
continue to manage information in traditional
ways, consisting of logbooks, Excel
spreadsheets, or through the knowledge of their
representatives. Therefore, it is necessary to
design and implement a technological tool to
support them in these activities. For the case
study in San Rafael Ixtapaluca, a web-based
system will be developed to manage the
information handled by the ejido commissary.
The system will offer ejidatarios access to
information in real time, all through an easy-to-
use and user-friendly graphical interface.

The functions of the web system will be:

- Manage an updated registry of
ejidatarios and their ~ personal
information.

- Maintain a registry of ejidos.
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- Record information on support programs
provided to ejidatarios.

- Record and review activities, historical
data, and relevant dates.

- Create reports on the various activities
carried out by ejidatarios.

- Create users with different access levels
and privileges to ensure the security and
confidentiality of information.

Since the police station lacks significant
financial resources, the plan is to design and
develop the web system using open-source tools.

The goal is also to promote transparency
and streamline administrative processes. This
article only presents the design.

The sections covered in the article are:
background, development tools, methodology,
results and conclusions.

Background

In most of Mexico's communal lands, there is a
growing problem with the management of
important information. To date, evidence of
management is kept in physical form or is only
known to the members of the committees
representing the community, as well as to the
communal landholders involved in the activities.

There is also information for which exact
data is not available, which is important and
necessary for the commissioner's activities, for
example: personal data of ejidatarios, an updated
registry or list of ejidos that identifies the type of
use given to the plot, support programs provided
to ejidatarios, data on relevant dates of the
agrarian community, among others.

Currently, the Mexican federal
government operates the Secretariat of Agrarian,
Territorial, and Urban Development. It
maintains the National Agrarian Registry [AGA].
Its function is to control land tenure and ensure
document security.

The AGA is responsible for safeguarding,
classifying, cataloging, organizing, and
safeguarding documents and information related
to agrarian matters, as well as responding to
requests for consultation and issuing certified
copies of said documentation [RAN, 2025].
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The AGA has implemented the following
systems: Registry and History of Agrarian
Nuclei [PHINA] and the Geospatial Information
System of the Rural Cadastre [GIS], which
contain agrarian information of the country.

The PHINA web system [Registry and
History of Agrarian Nuclei], which has 3
sections: agrarian nuclei, search and geolocation
[SEDATU, 2025].

Development tolos

For the first stage of developing the web system
for the San Rafael Ixtapalucan ejido, several
tools were used. Spreadsheets were used to draft
the database tables, while Figma was used to
design non-functional screens. Once a clear
understanding of the database was established,
SQL Power Architect was used to model it.
These are briefly described below.

- Figma: It's a powerful collaborative
design tool for teams. Explore ideas and
gather feedback, develop realistic
prototypes, and streamline product
development with design systems
[Figma, 2025].

Figma brings together efficient design
tools that allow multiple participants to
collaborate, allowing teams to explore ideas
while receiving quality feedback in real time or
at any time [Figma, n.d.].

- SQL power architect: The data
modeling and profiling tool, SQL Power
Architect, was created by data warehouse
designers and features numerous unique
features designed specifically for data
warehouse architects. It allows you to
reverse engineer existing databases,
profile data in source databases, and
automatically generate ETL metadata.
[DBMS TOOLS, 2025].

Methodology

The design of the screens, which are the User
Interface or UI, and the database, the Data Model,
are two critical and interconnected pillars for the
success of any web system.

Getting it right from the start is crucial
for the following reasons:
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- Screen design focuses on the user
experience [UX] and how the user
interacts with the system. A well-
thought-out design will make the system
intuitive, easy to learn, and enjoyable to
use. If the interface is confusing or slow,
users will become frustrated and make
mistakes. A well-designed workflow
guides the user through tasks logically,
reducing the number of steps and clicks
required to complete an action. This
translates into less training time and
greater productivity for end users.

- Database design focuses on how data is
stored, organized, and related efficiently
and securely. It is the core of the system.
Good design ensures that business rules
are followed at the data level. It avoids
duplications, inconsistencies, and
erroneous data. Proper design with
indexes, well-defined relationships, and
normalized tables allows for fast data
queries and updates, even with large
volumes of information.

The design of the ejido registry modules,
support programs, and historical data were
established through the application of different
data collection techniques.

The interview was conducted directly
with the representatives of the commissariat,
considered by the user counterpart to be the
experts and key information providers. In this
case, the commissariat's office and the
commissariat's secretary were identified as key
stakeholders, as they were responsible for
managing and organizing the information.

As aresult of this phase, the development
of the ejidatarios registry module was prioritized,
given that it constitutes the central core of data
necessary for the system's administrative
processes.  Additionally, the institutional
representatives provided a set of documents in
digital format that served as supplementary
material.

This  process allowed for the
identification and definition of the user roles the
system must address: administrator, secretary,
communal land commissioner, and communal
land member.
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The system's modular structure was also
determined,  integrating the  following
components: communal land members,

communal land members, activities, historical
data, support programs, event attendance
management, and report generation, among
others. It should be noted that this article focuses
on the analysis and design of a subset of these
modules.

The operations that will be performed
for the modules are: Create, Read, Update and
Delete.

Figure 1 shows the layout of the system's
welcome screen. This interface displays the
user's personal information and a list of the
ejidos registered in their name.

Table 1 presents the user story for the
Ejidatarios Registry. User stories are a
fundamental tool in modern software
development, especially for web-based systems.

Their importance lies in the fact that they
shift the perspective from the technical
characteristics of the system to the value it
delivers to the people who will use it.

see B YT R © EYTU TR Rv— b’ —— €

Figure 1
Welcome screen

Source: Own elaboration

Table 2 presents the user story for
"Support Program  Management,"  which
describes the functionality for adding and
querying these programs in the system.

Figures 2 and 3 show the design of the
interfaces for registering support programs and
programs.
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Table 1
User Story — Ejidatarios Registry

User Story

Number: 1 User: administrator, secretary,

ejido commissioner and ejidatarios.

Name of story: Registry of ejidatarios

Business Priority: High Risk in development:
High

Responsible programmer: Andrés Pérez

Description:

Two options will be displayed: "Add Ejidatarios"

and "Consult Ejidatarios", which will contain the

following:

e Add Ejidatario: A form will be displayed to
register the ejidatario where the user must
enter all the requested information, such as
name, paternal surname, maternal surname,
date of birth, sex, marital status, address,
telephone numbers, and upload a photo of the
ejidatario, placing a button at the end, which
will record the information that was entered
and redirect to the list of registered
ejidatarios.

e Consult Ejidatario: The list of ejidatarios
registered in the system will be displayed,
with buttons to view the different options that
will allow you to modify and delete the data.

Table 2
User Story — Support Program Management

User Story

Number: 5 User: administrator, secretary, ejido

commissioner and ejidatarios

Story name: Support Program Management.

Business Priority: High Risk in development:
High

Responsible programmer: Andrés Pérez

Description:Two options will appear: "Register

Support Program" and "Programs." Each option is

listed below:

e Add new support: A form will be displayed to
register the support program. The administrator,
secretary, and/or communal land commissioner
must enter all the requested information, such as
the program name, coverage, description,
duration, modality, estimated beneficiaries,
program type, and the program's start and end
dates to determine the program's validity.

e  Programs: The available programs will be
displayed. Ejidatarios can select from them by
clicking on them. A form will appear where they
must enter their name, phone number, and the
information requested for each program. Finally,
click Save.

Source: Own elaboration
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Register Support Program Screen
Source: Own elaboration
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Program Registration Screen
Source: Own elaboration.

Table 3 describes the “Historical Data”
user story, which allows you to understand the
available related options such as adding and
querying ejidatarios.
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Table 3
User History — Historical Data

Number: 7 User: administrator, secretary and
communal commissioner

Story name: Historical data.
Business Priority: High Risk in development:
High

Responsible programmer: Andrés Pérez

Description:

Two options will be displayed:

e Add data: A form will be displayed to record the
historical data where the user must enter the
requested information, such as the title,
description, start date, end date, and evidence in
an image file in PNG, JPG or PDF format,
placing a button at the end, which will record the
data that was entered and redirect to the list of
registered ejidatarios.

o Query data: A list of the data recorded in the
system will be displayed, with buttons to view
the different options that will allow you to
modify and delete the data.

Figure 4 shows the design of the web-
based database, which is needed to store the
information managed at the police station. This
database will facilitate data-driven decision-
making in the future.
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Database design
Source: Own elaboration.
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Results

The system screens and user stories were
designed, allowing for the definition of the
interface's functionality and interaction. These
designs were presented to the police department
staff to validate interface handling and detect
potential errors early on.

The simultaneous design of the screens
and the database allowed us to identify that these
components are not independent, but deeply
interconnected. The user interface collects data
that is subsequently stored in the database; that
is, the information the user views and enters on
the screens or forms is converted into records in
the corresponding tables. In turn, the database
feeds the screens: all the information displayed
in lists of ejidatarios, drop-down menus of ejido
nuclei, or visualizations of digital maps is
generated through structured queries to the
database.

This interrelationship ensures both
usability for users and the integrity, consistency
and availability of information in the system.

Conclusions

A web-based system was designed to efficiently
manage information on ejidos, ejidatarios, and
the activities of the ejido core. The platform will
allow data to be updated in real time, reducing
query times and ensuring consistency in the
management of material and financial resources.

It will also optimize activity
administration and financial management,

improving the overall organization of the system.

The screen design ensures that the system is
intuitive and useful for users, while the database
design guarantees its speed, reliability, and
accuracy. The integration of both aspects is
essential for the development of a robust
technological solution, aligned with the specific
needs of ejido management and capable of
supporting decision-making processes based on
reliable and accessible data.
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Abstract

Admission to technological higher education in Mexico faces the
challenge of receiving students with heterogeneity in their
academic preparation. For this reason, an analysis of the results
of the EVALUATEC 2025 exam applied at the Technological
Institute of Conkal is presented, using descriptive, comparative
and correlational statistical techniques, complemented by
segmentation tests by performance levels and gap analysis. The
methodological innovation consisted of the use of digital
learning analytics tools based on Python, to process data,
generate tables and visualizations, and offer objective evidence
for educational planning. The results show significant
deficiencies in reading comprehension and mathematics, as well
as a high concentration of students at low performance levels.
This research is part of the TecNM's ICT research line, showing
the integration of computational methods in institutional
decision-making and the design of learning support strategies.
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Resumen

El ingreso a la educacion superior tecnologica en México enfrenta el
reto de recibir estudiantes con heterogeneidad en su preparacion
académica. Por ello se presenta un analisis de los resultados del
examen EVALUATEC 2025 aplicados en el Instituto Tecnoldgico
de Conkal, mediante técnicas de estadistica descriptiva, comparativa
y correlacional, complementadas con pruebas de segmentacion por
niveles de desempefio y analisis de brechas. La innovacion
metodologica consistié en la utilizacion de herramientas digitales de
analitica de aprendizaje basadas en Python, para procesar datos,
generar tablas y visualizaciones, y ofrecer evidencia objetiva para la
planeacion educativa. Los resultados muestran deficiencias
significativas en comprension lectora y matematicas, asi como una
alta concentracion de estudiantes en niveles de bajo desempefio. Esta
investigacion se inscribe en la linea de investigacion de TIC del
TecNM, mostrando la integracion de métodos computacionales en la
toma de decisiones institucionales y el disefo de estrategias de apoyo
al aprendizaje.
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Introduction

The current educational context demands that
higher education institutions implement
assessment and diagnostic mechanisms that
allow for the early identification of the strengths
and weaknesses of incoming students. In the
case of the National Institute of Technology of
Mexico [TecNM], which serves a large and
diverse  student  population, developing
evidence-based strategies to improve retention
and academic performance is a priority.

Recent  studies show that the
introduction of early diagnostic systems, such as
early warning systems or predictive models,
significantly improves retention rates and
facilitates timely intervention for at-risk students
[Hammoudi Halat et al., 2023] Furthermore, the
implementation of mass diagnostic assessments
in university contexts allows for comparing
cohorts—such as before and after disruptive
events—and adapting institutional strategies
based on empirical data [Sanchez-Mendiola et
al., 2023] Thus, a modern institutional policy
must be based on robust and continuous
diagnostics to promote academic retention and
academic success.

The incorporation of digital technologies
into academic management has led to the
development of learning analytics, an emerging
field that uses educational data to understand and
optimize teaching and learning processes [de
Oliveira et al., 2021]; [Banihashem et al., 2022];
[Mena W, et al., 2025].

In this context, the use of open source
software and computational tools like Python
allows for efficient processing of large volumes
of information, the generation of advanced
statistical analyses, and the production of
visualizations that facilitate the interpretation of
results by teachers and administrators [Klasnja-
Milicevic et al. 2020]; [Gardner & Brooks,
2017], [Ifenthaler & Yau, 2020]. This approach
finds parallels with experiences in the business
field [Pastrana Pérez et al.,2025], who developed
a datamart to improve decision-making in
production  processes, demonstrating the
potential of data systems to generate useful
information in various contexts, including higher
education.
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The process of academic diagnosis and
feedback is not limited to the statistical analysis
of results; it also involves the design of teaching
strategies focused on teacher and student
decision-making.

Decision-making can be considered a
pedagogical strategy that fosters the initiation of
solid educational paths, even in diverse
disciplines such as architecture, which reinforces
its applicability in technology education
[Martinez-Vitor et al., 2025].

A case study is presented at the Conkal
Technological Institute, whose objective was to
analyze the results of admission exams in four
key areas: language structure, reading
comprehension, logic, and mathematical
problem-solving.

The study not only identifies academic
deficiencies but also demonstrates the potential
of digital technologies to support educational
planning and the design of personalized
corrective actions.

Methodology

The study was conducted using a descriptive,
correlational, and comparative design. The
results of incoming students who participated in
the two admissions sessions established by the
Conkal Technological Institute for the different
educational programs were included, with a total
sample of n = 447 participants.

The instrument wused was the
EVALUATEC online admissions exam,
developed by TecNM. It consists of 100
multiple-choice or related items, each worth one
point. It evaluates four areas:

- Language structure [ESTLEN] grammar,
spelling;

- Reading comprehension [COMLEC]
language skills, comprehension and
interpretation, research methodology;

- Mathematical logic [LOGMAT]:
mathematical reasoning and logical
reasoning;

- Mathematics [MATE]: algebra,
geometry and differential calculus.
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The  Department of  Academic
Development, part of the Academic
Subdirectorate of the Conkal Institute of
Technology, provided the data in a CSV file, and
algorithms were generated in Python to perform
the corresponding statistical analyses using
libraries such as pandas, numpy, scipy,
statsmodels, and matplotlib, which allowed for
the generation of results tables and graphic
visualizations for each section.

The analysis was structured in five
phases:

1. Initial descriptive analisis.

The initial descriptive analysis is the first step in
characterizing the academic performance of
incoming students. Its purpose is to provide an
overview of the behavior of scores in each area
assessed, allowing for the identification of
central tendencies, dispersion, and extreme
values. In this case, indicators such as the mean,
standard deviation, minimum, and maximum
were calculated for each of the areas: language
structures [ESTLEN], reading comprehension
[COMLEC], mathematical logic [LOGMAT],
and mathematics [MATE]. This analysis is
essential because it establishes a starting point
for subsequent comparisons, as well as
identifying which areas present not only absolute
weaknesses but also variability that can affect
the effectiveness of pedagogical interventions.

In methodological terms, the application
of an initial descriptive analysis is widely used
in academic diagnostic studies, as it constitutes
the basis for detecting patterns and guiding
decision-making [Cohen et al., 2017]. In
addition, in accordance with the
recommendations of the Institute of Education
Sciences [Loeb et al., 2017], it is highlighted that
this approach allows answering fundamental
questions about "who, what, where, when and to
what extent" the data are presented, and lays the
basis for subsequent inferential analyses.

For Python analysis, the following
pseudocode is used:
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INICIO

LEER archivo csv con datos de estudiantes
DEFINIR arecas = [ESTLEN, COMLEC,
LOGMAT, MATE]

PARA cada area en areas HACER
media = PROMEDIO][valores[area]]
desviacion =
DESVIACION ESTANDAR[valores[area]]
minimo = MINIMO][valores[area]]
maximo = MAXIMOJvalores[area]]
MOSTRAR media, desviacion, minimo,
maximo
FIN PARA
FIN

2. Cross-Area Benchmarking

This section focuses on identifying
whether there are statistically significant
differences in student performance between the
different areas assessed: reading comprehension
[COMLEC], language structures [ESTLEN],
mathematical logic [LOGMAT], and
mathematics [MATE].

To do this, we use ANOVA and paired
Student t-tests [paired t-tests], since each student
has grades in all areas and, therefore, the
obtained means can be compared pairwise. The
objective is not only to determine which area has
the lowest mean, but also to check whether the
difference between two areas is large enough not
to be attributed to chance. Both analyses are
described in the following pseudocode:

INICIO
LEER archivo_csv
DEFINIR pares = [[ESTLEN, COMLEC],
[ESTLEN, LOGMAT], [ESTLEN, MATE],
[COMLEC, LOGMAT], [COMLEC,
MATE], [LOGMAT, MATE]]

#--- ANOVA ---
resultados_anova = ANOVA[valores|[ ESTLEN],
valores] COMLEC],
valores] LOGMAT],
valoresf MATE]]
MOSTRAR tabla anova

# --- T pareadas ---

PARA cada [A, B] en pares HACER
[t, p] =T PAREADA[valores[A], valores[B]]
MOSTRAR "Comparacion", A, "vs", B, "->t=",

t, " p:u’ p
FIN PARA
FIN
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In diagnostic assessment contexts, the
use of the paired t test allows for the
measurement of differences within the same
group of students at different times or
dimensions, ensuring that the findings do not
depend on variations between individuals, but on
real contrasts in the areas assessed [Mengesha et
al., 2024] [Panuluh, 2022].

Thus, as in the studies of active
methodologies where pre- and post-intervention
performance is contrasted, in this analysis areas
of knowledge are contrasted to identify which
ones present more marked gaps.

3. Correlation Analysis

Correlation analysis seeks to identify the degree
of association between the different areas of
knowledge assessed, to understand whether
academic competencies are developed in
isolation or interrelatedly.

The following pseudocode is proposed
for the analysis in Python:

INICIO

LEER archivo_csv

DEFINIR areas = [ESTLEN, COMLEC, LOGMAT,
MATE]

CREAR matriz_correlacion vacia
CREAR matriz_pvalores vacia

PARA cada par [A, B] en areas HACER
[r, p] = CORRELACION_PEARSON]valores[A],
valores[B]]
GUARDAR r en matriz_correlacion[A][B]
GUARDAR p en matriz_pvalores[A][B]
FIN PARA

MOSTRAR matriz_correlacion
MOSTRAR matriz_pvalores
FIN

In the literature, studies highlight that the
correlation between reading and mathematics
tends to be low [Cai & Yang, 2022] [Ulum &
Kiiciikdanaci, 2024], which forces the design of
differentiated plans. Similarly, educational
research in Mexico [Carballo Aguilar, 2024]
[Ponce et al., 2024] shows that students tend to
have relative strengths in language versus
critical weaknesses in mathematics, a pattern
consistent with the results obtained here.
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4. Performance Level Segmentation

Level segmentation is an analysis that allows
students to be classified into performance
categories [low, average, and high] according to
thresholds established according to the academic
benchmark [80 points]. Methodologically, this
type of segmentation is common in educational
diagnostic studies and allows for precise
definition of target groups for interventions
[Miguéis et al., 2018] [Tapia Garcia, 2018]. In
addition, in higher education programs,
segmentation by levels has proven to be useful
for designing focused tutoring actions and for
preventing dropout [Fuchs et al., 2008].

The pseudocode applied was as follows:

INICIO
LEER archivo_csv
DEFINIR rangos:
Bajo = [0, 59]
Medio = [60, 79]
Alto = [80, 100]
PARA cada estudiante en datos HACER
PARA cada area en [ESTLEN, COMLEC,
LOGMAT, MATE] HACER
puntaje = estudiante[area]
SI puntaje <= 59 ENTONCES clasificar = "Bajo"
SI puntaje >= 60 Y puntaje <= 79 ENTONCES
clasificar = "Medio"
SI puntaje >= 80 ENTONCES clasificar = "Alto"
SUMAR 1 en conteo[area][clasificar]
FIN PARA
FIN PARA

MOSTRAR tabla_conteo
FIN

5. Gap analysis

The gap analysis consists of comparing the
averages observed in each area with the defined
institutional goal [80 points] to identify the
distance between each competency and the
expected level. The pseudocode used is as
follows:

INICIO

LEER archivo_csv

meta = 80

DEFINIR areas = [ESTLEN, COMLEC, LOGMAT,
MATE]

PARA cada area en areas HACER
promedio = PROMEDIO[valores[area]]
brecha = meta - promedio
porcentaje_debajo =[CUENTA[valores[area] < meta]
/ TOTAL _ESTUDIANTES] * 100
MOSTRAR area, brecha, porcentaje debajo
FIN PARA

FIN
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In the literature, the notion of "academic
gap" is widely used in international assessments
[Castellano et al., 2025] such as PISA and
ENLACE, which underline that mathematics is
usually the competition with the greatest
accumulated deficits in middle and higher
education students [PISA 2018 Results [ Volume
1], 2019], [Gutierrez & Fuentes, 2021].

Results
1. Initial descriptive analysis

The results show [see Table 1] that the areas with
the  lowest averages  were  reading
comprehension [COMLEC = 32.04 points] and
mathematical problem solving [MATE = 31.43
points], in contrast to language structure
[ESTLEN = 49.70 points].

The dispersion of scores reflects a wide
heterogeneity in students' prior preparation, as
seen in Figure 1.

Distribucion de puntajes por area
100

80 . R

60

40

Puntaje

20

o

& i

CO\:\\X'(’ \‘06"‘?3 WA

Figure 1

Comparison of score distribution by area
Source: Own elaboration using Python

Table 1
Descriptive analysis

Media Standard Dev. | min | max
ESTLEN | 49.700224 | 11.923883 16 80
COMLEC | 32.035794 | 11.7675 4 64
LOGMAT | 43.480984 | 15.058004 8 96
MATE 31.427293 | 11.58449 0 88

Source: Own elaboration using Python
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2. Comparative analysis between areas

The ANOVA indicated statistically significant
differences between the means of the four areas,
suggesting that student performance is uneven
across them and that differentiated attention is
needed, especially in MATE and COMLEC,
which have the lowest means [see Table 2].
Paired t-tests confirmed that the discrepancies
between ESTLEN [language structure] and
COMLEC [reading comprehension], as well as
between LOGMAT [mathematical logic] and
MAT [mathematical solution], were highly
significant [p < 0.001] [see Table 3].

Only the comparison between reading
comprehension [COMLEC] and mathematical
solution [MAT] did not show relevant
differences [p = 0.3996], suggesting that both
areas represent a challenge for students.

Table 2
ANOVA Results
Source SC gl | MC F p-
valor

Between 210,435. | 3 70,145. | 437. | <0.00
groups 80 30 52 01
Within 285,600. | 178 | 160.1
groups 10 4
Total 496,035. | 178

90 7

Source: Own elaboration using Python

Table 3
Paired t-tests

Areal Area2 t stat p_value
ESTLEN | COMLEC | 30.032518 | 3.532332e-109
ESTLEN | LOGMAT | 8.56581 1.76217%¢-16
ESTLEN | MATE 26.528601 | 9.304921e-94
COMLEC | LOGMAT | -15.910795 | 1.811101e-45
COMLEC | MATE 0.843163 3.995890e-01

LOGMAT | MATE 16.042889 | 4.707217e-46

D | W N = O

3. Correlation Analysis

The correlation coefficients indicate moderate
associations between language and mathematics
skills, with the strongest correlation being
between language structure and reading
comprehension [r=0.449, p <0.001] [see Figure
2]. These findings reinforce the literature
indicating the interdependence between reading
skills and success in mathematical problem
solving.
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4. Segmentation by performance levels

The segmentation showed that more than 80% of
students were at the low level in all areas, with
particular emphasis on reading comprehension
[442 students] and mathematics [438 students]
[see Table 4]. In contrast, the high level was
virtually absent in the overall results.

This distribution highlights the need for
differentiated support strategies.

Table 4
Segmentation of students by levels

ESTLEN COMLEC LOGMAT MATE | Global
Low | 336 | 442 366 438 | 440
Middle | 110 | 5 76 8 7
High |1 0 5 1 0

Matriz de correlacion (Pearson)
“ 1

1.00

0.75

0.50

0.25

0.00

—-0.25

-0.50

-0.75

-1.00

ESTLEN COMLEC LOGMAT MATE

Figure 2

Heat map of correlations between areas
Source: Own elaboration using Python

6. Gap analysis

When comparing the results with the
institutional goal of 80 points, gaps of more than
47% [see Table 5] were identified in reading
comprehension and mathematics. These values
reflect the magnitude of the academic challenge
for the institution, which will require intensive
pedagogical interventions.
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Table S
Average gap to the goal of 80

Gap Percentage per
average Below the goal
MATE 48.572707 99.776286
COMLEC | 47.964206 100
LOGMAT | 36.519016 98.881432
ESTLEN | 30.299776 99.776286

Combining all the analyses, a map of
priorities emerges: [1] urgent design of remedial
programs and tutoring for COMLEC and MATE;
[2] integration of reading into math-solving
activities; [3] implementation of dashboards for
continuous monitoring and dynamic
prioritization; [4] wuse of adaptive digital
techniques and peer mentoring to scale impact.

The analyses conducted confirm that the
majority of the cohort presents significant
deficiencies in reading comprehension and
mathematical problem solving, with direct
implications for the first semesters of the
curriculum.

The low correlation between reading
comprehension and mathematical problem
solving in this sample suggests that
strengthening reading in isolation is not enough;
it is necessary to design integrated activities that
expose students to complex mathematical
problem statements and develop applied reading
strategies.

From a technological and managerial
perspective, the proposal to integrate
reproducible Python scripts and visualize results
in dashboards facilitates data-driven decision-
making by academic coordinators and tutors.

Studies on dashboards [e.g., LearningViz]
show that interactive visualizations help reduce
achievement gaps by enabling faster and more
accurate responses from faculty. Furthermore,
evidence on peer tutoring and teaching supports
their use as a scalable complement to formal
teacher mentoring.

Conclusions

This study demonstrates that the combination of
statistical analysis and digital technologies is an
effective strategy for detecting academic
deficiencies and guiding improvement actions in
the initial training of TecNM students.
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The results highlight the need to
strengthen  reading  comprehension  and
mathematics skills, as well as to design tutoring
programs and specific digital resources. It also
opens the door to developing institutional
learning analytics systems that integrate
admissions results with academic monitoring,
thus generating a digital educational ecosystem
that fosters equity and student success.

The results obtained from descriptive
analysis, comparison tests, and segmentation by
performance levels allow us to identify critical
areas of attention, opening the door to the design
of targeted tutoring plans.

This type of approach is supported by
recent studies that demonstrate how business
intelligence tools applied in training contexts can
strengthen strategic decision-making [Yactayo,
Lanchipa, & Fernandez, 2025]. This study
shows that the incorporation of digital analytics
not only optimizes administrative processes but
also impacts students' academic support.
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ANOVA Analysis Of Variance
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CSv Comma Separated Value
ESTLEN Language structure

LOGMAT  Mathematical Logic
MATE Mathematics
TecNM Tecnoldgico Nacional de México
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Abstract

One of the main challenges faced by any manufacturing company is
controlling the quality of its products. The complexity of the issue intensifies
when quality variables are not only quantitative but also qualitative, which
means that decisions related to product quality largely depend on subjective
assessments made by experts. This research designed a decision-making
control chart for a multidisciplinary quality control system in a tannery
company, with the goal of improving product quality in the “Wet Sole” area.
The main quality issues were associated with qualitative variables and the lack
of standardization in the criteria for making quality-related decisions, which
increased dissatisfaction with the final product. The problem was addressed
with the support of experts, who mapped the “Wet Sole” area process to
identify subprocesses and the quantitative and qualitative variables associated
with product quality. Then, through the Analytic Hierarchy Process,
operating—quality—decision intervals were defined, which enabled the
construction of “decision-making control charts.” These charts became part of
the new quality control system. The system was validated by experts,
confirming its accuracy and effectiveness in decision-making. Once
implemented, the evaluation criteria for quality were standardized within the
process, resulting in a significant improvement in product quality.

| Decision-making control chart for a multidisciplinary quality control system.

Objeciive. Methodology. Contributions.
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making
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Resumen

Uno de los principales desafios que enfrenta toda empresa manufacturera es
controlar la calidad de sus productos. La complejidad del problema se intensifica
cuando las variables de calidad no solo son cuantitativas, sino también cualitativas,
lo que implica que las decisiones relacionadas con la calidad del producto dependan
en gran medida de valoraciones subjetivas realizadas por expertos. Esta
investigacion disefié un grafico de control de toma de decisiones para un sistema
de control de calidad multidisciplinario, en una empresa curtidora, con el objetivo
de mejorar la calidad del producto en el area de “Suela Himedo™. Los principales
problemas de calidad del producto estaban asociados a sus variables cualitativas y
a la falta de estandarizacion en los criterios para la toma de decisiones sobre la
calidad de este, lo que aumentaba las inconformidades respecto al producto final.
El problema fue abordado con el apoyo de expertos, quienes mapearon el proceso
del area de “Suela Himedo” para identificar subprocesos y variables cuantitativas
y cualitativas asociadas a la calidad del producto. Después, a través del Procesos de
Andlisis Jerarquico, se definieron intervalos de operacion — calidad — decision que
permitieron la construccion de “gréaficos de control de toma de decisiones”. Estos
graficos formaron parte del nuevo sistema de control de calidad. El sistema fue
validado por expertos, comprobando su precision y efectividad en la toma de
decisiones. Una vez implementado, se logré estandarizar los criterios de evaluacion
de calidad en el proceso, lo que resultd en una mejora significativa en la calidad del
producto.

Grafico de control de toma de decisiones para un sistema de control de calidad
multidisciplinario.
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Introduction

In manufacturing companies within the leather-
footwear sector, quality inspection is a
fundamental aspect that directly impacts
performance. Lack of attention to quality
standards can lead to harmful consequences,
both for the company’s reputation and its
profitability.

This research was conducted in one of
the leading companies in the leather-footwear
sector across Latin America, focused on 100%
vegetable tanning and specialized in the
manufacturing of saddles, leather goods,
footwear, straps, belts, holsters, and other leather
items.

The company was experiencing severe
quality issues in the leather tanning process,
particularly in the “Rending” and “Retanning”
stages. Defects in the process exceeded the
established 2% limit, equating to approximately
3,081 defective pieces per month, with an
estimated economic impact of $693,225.00
MXN [six hundred ninety-three thousand two
hundred twenty-five pesos 00/100 M.N.].

The main product quality problems were
associated with qualitative variables and the lack
of standardization in decision-making criteria
regarding quality, which increased
dissatisfaction with the final product.

The Quality Control System in the
tanning processes is essential for improving
efficiency, ensuring product quality, complying
with regulations, reducing costs, and minimizing
environmental impact (Chicaiza Aucapina, 2013)
(Garcia Barreno, 2023) (Pillajo Castro, 2012)
(Rodriguez Naranjo, 2011). There are various
tools and methodologies aimed at controlling the
quality of production processes, such as quality
control charts which, according to (Pefabaena
Niebles, 2013), allow for monitoring the
variability of quality characteristics; and the
QFD tool, which focuses on customer needs and
facilitates product design improvement (Gomez,
2011). Likewise, financial planning and
decision-making are key to identifying strengths
and weaknesses in improvement projects
(Jaramillo, 2018) (Manobanda Pinto, 2017)
(Pico Lescano, 2016).
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On the other hand, the literature review
has identified multi-criteria decision-making
[MCDM] methods, which are mathematical
models that assist in making decisions based on
multiple criteria (Garza Rios, 2016) (Mayor,
2016) (Casseres, 2013) (Bernal Romero, 2018).
Among the MCDM methods, the following
stand out: Technique for Order Preference by
Similarity to Ideal Solution [TOPSIS], Analytic
Hierarchy Process [AHP], VlIseKriterijumska
Optimizacija I Kompromisno Resenje [VIKOR],
and Preference Ranking Organization METHod
for Enrichment Evaluations [PROMETHEE]
(Izar Juan Manuel, 2023) (Camacho, 2023).
AHP offers competitive advantages by
providing a clear hierarchical structure, the
ability to handle dependency relationships
among criteria, and the integration of both
quantitative and qualitative data in the decision-
making process (Armenta, 2013) (Goémez J. C.,
2008) (Serrano, 2021).

This context represents a relevant
opportunity for developing quality control
systems based on MCDM, with applications in
decision-making for quality control in tanning
processes. This research proposes the design of
a  Quality Control System with a
multidisciplinary approach, based on “decision-
making control charts” built using AHP. The
system integrates both quantitative and
qualitative variables that influence quality-
related  decisions, incorporating  expert
knowledge through structured evaluations. As a
result, a final AHP matrix is obtained, defining
the operation—quality—decision intervals that
make up the proposed control charts.

After a brief contextualization of the
development of this research, the article is
structured as follows. First, the conceptual basis
is presented, describing the key terms related to
the tanning process and the theoretical basis of
the Analytic Hierarchy Process.

Second, the methodology is presented,
outlining the process followed for designing and
building the decision-making control charts,
which form the foundation of the proposed
quality control system. Subsequently, in the
results section, the process known as "Pila" is
analyzed to demonstrate the functionality of the
proposed decision-making system. Finally, the
conclusions are presented, highlighting the most
relevant findings and the implications of this
research.
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Conceptual Basis

The following section describes the fundamental
concepts that support this research.

1. The Tanning Process

In this study, the tanning process is considered
as the transformation and treatment based on
vegetable tanning of animal hides into leather for
the manufacture of products such as soles, bags,
shoes, belts, etc. Within the tanning process,
there 1s a stage known as "Wet Sole," which
includes the "Rending" and "Retanning"
processes.

The "Rending" process is considered the
stage where the lime content in the leather is
reduced by approximately 50%-60%. The
"Retanning" process consists of feeding the
hides with tannins. Both the "Rending" and the
"Tanning" processes contribute to improving the
technical properties of the leather.

2. Decision Variables / Criteria

In this research, decision variables / criteria are
understood as all the characteristics both
qualitative and quantitative observed by experts
in the “Wet Sole” process, which are crucial

when making decisions regarding leather quality.

For the analysis of the “Rending” and
“Retanning” processes, the following decision
variables were considered:

- Quantitative variables: load size in tons
[TC], pH measurement at each stage
[PH1], pH level in the vats [PH], opened
on time and properly [ATF], correct
duration in each type of bath [TB], Bé at
each stage [BE], temperature [TR], days
in vats [DP], and resting days [DR].

- Qualitative variables: properly covered
boxes [BT], leather color [CC], lime
stains [MC], initial lime percentage [CI],
water color during washing [CA], final
lime percentage [CF], vat stains [MP],
other stains [OM], defects caused in the
drum [DF], stains [M], color [C], and
properly covered pallets [TT].

3. Analytic Hierarchy Process

The Analytic Hierarchy Process used in this
research is based on the contributions of
(Fawcett, 2013), (Wright, 2014).
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3.1. General Data

General data are compiled in an initial table that
allows for the collection and organization of
relevant information about the elements to be
analyzed in the project.

For this study, qualitative and
quantitative variables / criteria and decision
alternatives associated with quality status were
identified for each of the processes carried out in
the "Wet Sole" area.

3.2. Pairwise Comparison Matrix
Criterion vs Criterion

This matrix functions to compare the various
criteria against each other to determine the
relative importance of each criterion with respect
to the others.

For a set of n criteria Cy, C, ... C,, the
pairwise comparison matrix B is a square matrix
of size n x n, where the entry b;;represents the
comparison between criterion C; and C;

b1 b1z biz -+ by,
ba1 by by by

B =1 b3y bs; bsz - bz [1]
bnl an bn3 bnn/

Where:

- b;; corresponds to the comparison value
between criterion C; and C;

- The matrix is reciprocal: b;; = %

ij

- The diagonal of the matrix consists of
ones: b;; = 1 for all i, since any criterion

is equal to itself.

Likewise, the weight vector k €
R™* 1is constructed, which is calculated as the
principal eigenvector of matrix B:

B k= Anaxk [2]

Where:
- Amax: Principal eigenvalue [the largest
eigenvalue of matrix B].

- k= [k ky, o kn]” Normalized
weight vector, such that:
Taki=1y ki=0Vj [3]
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3.3. Pairwise Comparison Matrix of
Alternatives vs Criterion

This matrix evaluates how each alternative
performs in relation to each of the criteria, in
order to determine its relative priority within that
criterion. For each criterion C; a priority vector

of the alternatives with respect to that criterion is
defined:

6D
] | (1)‘ [4]

Where.
i=1P; = [5]

A matrix M e R™" is constructed,
where each row represents an alternative and
each column represents a criterion.

(11 2l [n]

pl pl ves pl
[1] (2] [n]

M = pz pz pzn [6]
W
A

3.4. Global Priority Aggregation Matrix

This matrix presents a summary of the previous
evaluations of each alternative, serving as the
basis for decision-making. Matrix M is
multiplied by the weight vector of the criteria:

Global Priorities =M -k [7]
(1] (2]
pi Dy PG,
[1] (2] [ ]
PG=|P2 P2 : Mol 1s)

Where PG; is represents the global
priority of alternativees B.

Methodology

A Decision-Making Control Chart was
Designed for a Multidisciplinary Quality
Control System

Figure 1 below describes the methodology used
to design a decision-making control chart for a
multidisciplinary quality control system in a
tannery company, aimed at supporting accurate
decision-making regarding the product quality in
the "Wet Sole" area.
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Box 1

Definition of quality | Process
levels. r ' sample.
PASS

PASS/RESTRICTION

DOES NOTPASS

Sample
characterization.

PASS/RESTRICTION
_— g uy
g Fl zu
_ 2|4 |=)5tey
DOES NOT PASS g g B33
223z
E H HEE

AHP Control Chart “ c%)
” Make a decision
"%RD\‘ about the sample.
Figure 1

Design of a Decision-Making Control Chart
for a Multidisciplinary Quality Control
System in the “Wet Sole” Area

The methodology consists of four stages,
which are described below:

Stage I: Process Characterization.

A group of experts is convened to characterize
the work area and each stage of the process.
Based on their expertise, and with the support of
surveys, photographs, and the main issues
identified, the quantitative and qualitative
variables for each stage of the process are
defined.

Stage II: Definition of Quality Levels

The characterization of quality levels is
developed for each stage of the process. The
experts, through consensus, define the different
quality levels. An initial table is created in which
the experts, using an approach based on the
minimum requirements that the leather must
meet for each quality level, assign the
corresponding values.

The process experts develop an AHP to
characterize the quality levels. The criteria used
are the quantitative and qualitative variables
described in the previous stage. The quality
status options are considered as the alternatives.
For the weighting of qualitative variables, an
arbitrary scale is defined subjectively by the
participating experts.

This scale ranges from 1 to 9, where a
value of 1 represents "product acceptance" and a
value of 9 represents "product rejection", while
the intermediate values reflect subjective
judgments that represent the gradual transition
between the two extremes.
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For the quantitative variables, the values
obtained through the corresponding
measurement instruments are used.

Pairwise comparisons of criteria vs.
criteria and alternatives vs. each criterion are
carried out. The values assigned by the experts
for each of these pairwise comparisons were
determined by consensus and based on Thomas
Saaty’s scale.

The global priority aggregation matrix
shows the final weights associated with each
quality level. These represent the operation —
quality — decision intervals, which serve as the
basis for designing the AHP-based control chart.

Stage III: Design of a Decision-Making
Control Chart Based on AHP

The design of the decision-making control chart
is based on the following:

Let:

C ={cy,¢y,...,cy} be the set of criteria [both
quantitative and qualitative].

B = {by, by, ..., b} be the set of alternatives,
corresponding to the quality levels of the leather
[pass, pass with restriction, fail].

w; : global weight of criterion ¢; obtained
through the AHP process.

p;j: local priority of alternative a; with respect
to criterion c;, also obtained through AHP.

For each alternative a;, its global priority
P; is calculated as a weighted sum of the local
priorities with respect to each criterion:
P = i1 Wi " pij [9]

This value P; represents the final weight
of the quality level b;.

Once the values P; are obtained for all
alternatives, they are sorted in ascending order
[or according to the acceptance/rejection
criteria]. Based on these values, decision
intervals are defined, which are the value ranges
that identify each quality level.

If We[t]; is the weighted value of
criterion iat time t, the inequality that ensures
the weighting remains within the expected limits
is:

ISSN: 2444-5002.
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Li<W(t); <U; forall t [10]

Where L; and U; are the lower and upper
bounds of the prioritization interval for criterion
i.

In general, if Py, P,,.., B, are the
ordered global priority values, the decision
intervals /; for each quality level b; are defined
as:

I =

[Pj_1+Pj Pj+Pj_1
]

28 ST forallj=2,..,m—1[11]
With extreme boundaries defined as:

I = [0,%), I, = [@1] [12]

Once the intervals [11] and [12] are
defined, they are used as non-traditional control
limits in a control chart based on evaluated
quality, according to the multicriteria logic of an
AHP.

Stage IV: Validation of the AHP Control
Chart

A real process sample is used to validate the
control chart. The validation is carried out
through the relationship between the global
priority aggregation matrix [7] and [8], which
were used to define the prioritization intervals,
and the initial table established with the experts,
as described in “Stage II: Definition of Quality
Levels.”

Let W, be the final weighting matrix, W,
the initial matrix defined by the experts, and I
the global priority aggregation matrix.
Validation is performed by verifying the
relationship between entre Wy and W, through
comparison with the intervals defined in I, that
is:

Wy = f[W,,1] [13]

Where f epresents the validation process,
which determines whether the final weighting
matrix is consistent with the prioritization
intervals and the initial matrix.

Results

In order to demonstrate the methodology
described in the previous section, the design of
the decision-making control chart for the “Pila”
process is presented.
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Stage I: Characterization of the “Pila”
Process

The “Pila” process includes five types of baths
with specific duration: “coloring” [6 hours],
“muerto” [l day], “intermediate” [2 days],
“normal strong” [between 7 and 9 days], “extra
strong” [at least 9 days].

In total, the process must have a
minimum duration of 23 days to ensure optimal
performance.

The decision variables defined by experts
in the “Pila” process, and considered critical
when making decisions regarding leather quality,
were the following:

- Quantitative variables: pH level in the
vats [PH], opened on time and properly
[ATF] and proper duration for each type
of bath [TB]

- Qualitative variables: vat stain [MP] and
other stains [OM]

Stage II: Characterization of Quality Levels
in the “Pila” Process

The experts in the “Pila” process developed an
AHP model to characterize the quality levels.
The criteria considered were the quantitative and
qualitative variables described in the previous
stage. Likewise, the quality status options “pass,”
“pass with restrictions,” and “fail” were taken as
the alternatives.

The initial AHP input is shown in Table
1. The assessments were defined by the experts
through consensus, using an approach based on
the minimum requirements that leather must
meet during the “Pila” process. An arbitrary
scale ranging from 1 to 9 was used, where: 1

represents  “product acceptance” and 9
represents “product rejection”, intermediate
values represent subjective  perceptions

reflecting the gradual transition between the two
extremes, based on expert judgment.

For the quantitative variables, values
collected using the corresponding measuring
instruments were used.
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Table 1
Expert-consensus characterization of leather
quality states in the “Pila” process

Pile
. Qualitative Quantitative

(%utallty variable variable

Status MP |OoM |PH |ATF |TB
Pass 1 1-3 5 1.5 8
!’ass/restnct 2.5 4.8 56 |2 7
10on

Does — mot|c 5 |9 63 (35 |6
pass

Source: Own elaboration

The interpretation is as follows. For
example, for the assessment of the quality status
"PASS" and the qualitative variable "OM," the
value 1-3 was assigned, a value obtained from
the arbitrary scale. This implies a margin for the
product to pass directly if the expert rates it with
a number between 1 and 3.

On the other hand, for the assessment of
the quality status "FAIL" and the quantitative
variable "TB," the value 6 was assigned, a value
obtained from the total number of days in the
stack, recorded using an Excel spreadsheet.

This value implies taking corrective
action to improve the product's quality. If not,
the product is discarded or used for another type
of sale.

Continuing with the AHP development
process, paired comparisons of criteria versus
criteria, and of alternatives versus each of the
criteria, were carried out. The values assigned by
the experts for each of the paired comparisons
were made by consensus, taking into account the
Thomas Saaty scale.

For practical purposes and as a summary
of the AHP development, only the following
tables are shown. Table 2: Paired comparison of
Criterion vs. Criterion, which shows the relative
importance of each criterion [quantitative and
qualitative variables] in the "Pile" process with
respect to the others. Table 3: Paired
comparison of Alternatives vs. Criterion "Pile
Stain,” which assesses how each alternative
behaves [quality status] when related to the "Pile
Stain" criterion, in order to determine its relative
priority within that criterion. Table 4: Global
priority concentration matrix, which shows the
final weights associated with each quality level.
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This is equivalent to the decision
intervals that are the basis for designing the
control chart based on an AHP.

Table 2
Paired comparison of Criterion vs. Criterion.

STANDARDIZED WEIGH
PILE | MP | OM | PH | ATF| TB | YTATPA MES
0.0102]0.1]00]00
Me o1 s s s s 0022011001900 009
om |15 |1 |7 |3 |7 [00|00100]011007,,,

1 5 8 9 3
03(03(05(03/0.6

PH 5 7 1 5 3 1 4 3 1' 7' 0.43
0.3 (0.0 (0.1[0.0[0.0

ATF |5 13 | 1/5 |1 1/7 1 ) 1 6 3 0.11

TB 5 7 3|7 1 03(03(0.1(04(02 030

1 4 8 3 2

TOT |16 |20 1 16 |4
AL 1/5 |13 [ 7/8 [1/5 |12

Table 3

Paired Comparison of Alternatives vs. “Battery
Stain” Criterion

Pile stain
s
=] 2
Quality £ 2 | Standardized Averag
Pass = < .
status S g matrix e vector
z 3
L
Pass 1 7 9 0.80 |0.86|0.53 |0.73
Pass/restr | | ; 1 |7 o011 |o12|041 |022
iction
Does mot | g 177 |1 [0.09 |0.02]0.06 |0.05
pass
8
Total 11/4 17 17

Table 4
Concentrating matrix of global priorities
Pile

Qualitative Quantitative
Quality variable variable Prioritiza
status AT tion
MP oM PH F TB
Pass 0.73 0.70 0.71 | 0.73 {0.71 | 0.71
Passfrestri 155 1023|024 |022 |0.24 |0.23
ction
Does —mot |05 1007 [0.05 [0.05 005 |0.05
pass

Weighting | 0.09 0.07 0.43 | 0.11 | 0.30

Stage I11: Design of a decision-making control
chart for the "Pila" process

The design of the control chart, shown in Figure
2, is based on the characterization of the quality
levels of the "Pila" process.
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Based on the data presented in Table 4
and the mathematical inequalities obtained from
[10], [11], and [12], the decision intervals
associated with each quality status of the "Pila"
process are defined, which allows for
establishing decision criteria for evaluating
product quality.

That is:
“Pass” if x =>0.71 [14]
“Pass/Restriction” if 0.23 < x < 0.71 [15]

“Doesnotpass”’if 0 <x <0.23 [16]

The corresponding graph is made:

PASS
0.7
PASS]RESTRICTION

0.23
DOES NOT PASS

0.05
DOES NOT PASS

o]

Figure 2

Decision-making control chart for quality
control of the “Pila” process

Stage IV: Validation of the AHP control chart.

The Control Chart was validated by studying a
sample of routine production from the "Pila"
process. In this case, "Batch 865" was used, and
the data shown in Table 5 was collected.

Table 5

Characterization of the "Pila" process sample,
"Batch 865"

Pile
Bat Qualitative variable | Quantitative variable
atc
h 865 MP oM PH |ATF TB
5 1 53 1 7

A matrix relationship [17] was then
established.

The decision intervals obtained in Table
4 were taken into account, as well as the expert-
consensus characterization of the leather quality
statuses in the "Pila" process, shown in Table 1.
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Based on this and on [10], [11], and [12],
the decision intervals are defined in terms of
quality levels for each of the variables, as shown
in the inequalities [18-22].

Matrix relationship:

Weighting MP OM PH ATF TB
0.71 1 1-3 5 15 8 [17]
0.23 2—-5 4-8 56 2 7
0.05 6—-9 9 63 35 6
Decision intervals:
Pass 0.71 SIX=1
MP{ Pass/Restriction 0.23 SI2<X<5 [I8]
Does not pass 0.05 SI6X<9
Pass 0.71 SI1< X<3
OM{ Pass/Restriction 0.23 SI4<X<8 [19]
Does not pass 0.05 SIX=>9
Pass 0.71 SIX=5
PH {Pass/Restriction 0.23 SI5<X <56 [20]
Does not pass 0.05 SIX>5.6
Pass 0.71 SIX=15
ATF {Pass/Restriction 0.23 SI15<X<2 [21]
Does not pass 0.05 SIX>2
Pass 0.71 SIX>8
TB { Pass/Restriction 0.23 SI8>X>7 [22]
Does not pass 0.05 SIX<7

From now on, the corresponding weight
was assigned to each sample characterization of
item 865, as shown in Table 6.

Table 6
Weighting of the sample characterization of "Item
865" based on the decision intervals for each
variable.

Pile
Bat Qualitative variable | Quantitative variable
atc
h 865 MP oM PH ATF |TB
0.23 0.71 0.23 [0.23 0.23

Finally, to obtain the weighting that gives
the guideline for quality decision-making for
"item 865," the global priority concentration
matrix of the "Pila" process, Table 4, is used as
a reference.

Based on the weighting obtained in Table
2, corresponding to the Criterion vs. Criterion
paired comparison matrix, a calculation is
performed using the sum-product function
between the row of decision intervals and the
assigned weights. The result is a composite
weighting of 0.26. See Table 7.
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Table 7
Validation of "Item 865" for decision-making
on its quality control.

Pile

Qualitative Quantitative Weighti
T, variable variable ng
8;‘5“ MP |OM |PH |ATF |TB

023 071 |023 |o23 |92

3 1026

Weighti | 09 1007 [0.43 |01 |93
ng 0

The resulting weighting is classified
within the corresponding decision interval,
Figure 3. In this sense, the decision is made that
the sample, “Item 865” passes with restrictions.

PASS

0.26 O PASS/RESTRICTION
0.23

DOES NOT PASS

DOES NOT PASS
0

Figure 3

Control chart for decision making on the
quality of "Item 865"

Conclusions

The implementation of a Quality Control System
with a multidisciplinary approach in the sole
rendering and retanning processes constitutes a
comprehensive strategy to optimize efficiency at
each stage and guarantee product quality. This
system allows for the control of critical variables,
such as color, hardness, and weight, and
facilitates the early detection of defects, which
enables more reliable decision-making in terms
of quality.

It is essential to note that the success of
this system depends on ongoing staff training,
the availability of appropriate tools, and
continuous monitoring to ensure its long-term
effectiveness.
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Based on the results obtained and the
recommendations formulated, it is concluded
that the system not only ensures quality at each
stage of the process, but also contributes to cost
reduction, improves the company's
competitiveness in the market, optimizes the use

of resources, and increases customer satisfaction.

All of this promotes sustainability in the
production processes and maintains high quality
standards.
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Abbreviations

AHP

Analytic Hierarchy Process.

ATF Opened in a timely manner.

BE Be at each stage.

BT Well-covered boxes

C Color.

CA Color of water in washes.

CC Leather color.

CF Final lime percentage.

CI Percentage of initial lime.

DP Days in piles.

DF Defects caused in the drum.

DR Sabbath days.

M Spots.

MC Lime stain.

MCDM Multi-Criteria Decision Making.

MP Spot of pile.

OM Other stains.

PH pH level in the batteries.

PHI1 pH measurement at each stage.

PROMETH Preference Ranking Organization

EE Method for Enrichment

QFD Evaluations.

TB Quality Function Deployment
Correct duration time in each

TC type of bathroom.

TOPSIS Cargo size in tons.

Technique for Order Preference

TR by Similarity to Ideal Solution.

TT Temperature.

VIKOR Platforms well covered.
Multi-criteria optimization and a
compromise solution.
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Abstract

Reliable monitoring of environmental variables is essential for effective
decision-making in agricultural IoT systems. However, sensors deployed
in harsh rural conditions often experience progressive degradation,
generating anomalous data that can lead to incorrect operation and
reduced crop yield. This work presents an algorithm to detect and classify
anomalous sensor data and to estimate a Sensor Quality Indicator [SQI]
to facilitate timely sensor replacement. The method integrates two
complementary detection procedures: verification of physical limits
defined by sensor manufacturers and statistical monitoring using a Six
Sigma-based approach on sliding windows. Detected anomalies are
classified according to a domain-specific typology, including patterns of
outliers, noise, peaks, stepped values, stuck values, and extreme values.
The SQI quantifies the severity and frequency of the anomalies to assess
sensor reliability. The algorithm was validated in six climate-controlled
experimental chambers for Capsicum chinense. The results demonstrate
the effectiveness of ICS-based anomaly detection, classification, and
degradation assessment for agricultural IoT implementations.
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Resumen

El monitoreo de variables ambientales es esencial para tomar decisiones
efectivas en sistemas IoT agricolas, la degradacion progresiva de los
sensors correspondientes genera datos anomalos que pueden conducir a
informacion erronea que provoque una reduccion del rendimiento del
cultivo. Este trabajo presenta un algoritmo para detectar y clasificar datos
anomalos proponiendo un Indicador de Calidad del Sensor [ICS] para
facilitar su reemplazo oportuno. El método integra dos procedimientos
de deteccion complementarios: la verificacion de los limites fisicos
definidos por los fabricantes de sensores y el monitoreo estadistico
basado en Six Sigma sobre ventanas deslizantes. Se hace una
clasificacion de anomalias segiin una tipologia especifica. El ICS
cuantifica la confiabilidad del sensor. El algoritmo se validé en seis
camaras experimentales con clima controlado para Capsicum chinense.
Los resultados demuestran la eficacia de la deteccion, clasificacion y
evaluacion de la degradacion de anomalias basada en el ICS para
implementaciones de IoT agricolas.
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Introduction

Agriculture remains a central pillar of global
food security and socioeconomic stability. In
alignment with the 2030 Agenda for Sustainable
Development, increasing agricultural
productivity while optimizing resource use and
mitigating climate change impacts is critical for
ensuring long-term food resilience [United
Nation, 2015]. Rural production systems are
particularly vulnerable to extreme weather
events, long-term climatic variability, and
sudden disruptions such as the COVID-19
pandemic, which reduced workforce availability
and hindered field operations and crop
management [Magbool et al, 2024].

In this context, Internet of Things [IoT]
technologies and wireless sensor networks
[WSNs] have become fundamental components
of precision agriculture, enabling continuous
monitoring of microclimatic conditions, soil
parameters, and crop responses [Muhammed et
al., 2017] [Chanak et al., 2020]. These
technologies support more efficient production
systems and enable data-driven decision-making
[Jawad et al., 2017] [Wolfert et al., 2017].
However, sensors deployed outdoors or inside
greenhouses are frequently exposed to harsh
environmental conditions, such as high humidity,
temperature extremes, dust, and corrosive agents,
that accelerate hardware degradation and reduce
measurement reliability over time [Aarif et al.,
2025] [de Souza et al., 2020] [Yang et al., 2023].

Although manufacturers provide
estimated sensor lifetimes under controlled
conditions, real agricultural deployments often
experience  unpredictable  failures  and
progressive degradation that are difficult to
detect without specialized monitoring tools.
Undetected  degradation may  introduce
erroneous measurements into automated control
systems, triggering incorrect irrigation or
ventilation actions and negatively affecting crop
performance [Liang et al., 2024].

This situation highlights two essential
needs in agricultural IoT systems: [i] reliable
detection of anomalous data produced by faulty
or degrading sensors, and [ii] quantitative
assessment of sensor performance to support
maintenance decisions and timely replacement
[DeMedeiros et al., 2023] [Chatterjee & Ahmed,
2022]

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

Recent developments in anomaly detection for
agricultural [oT systems have explored machine
learning approaches—including convolutional
and recurrent neural networks, autoencoders,
and clustering techniques—to identify abnormal
patterns in environmental and soil sensor data
[Cheng et al., 2022] [Zhou et al., 2024]. Such
deep learning—based methods have been
comprehensively reviewed in the context of
precision agriculture, highlighting their ability to
capture complex patterns in multivariate
agricultural datasets [Gkountakos et al., 2024].

These approaches have been applied to
smart irrigation and soil moisture monitoring
systems, where machine learning—based
anomaly detection improves water management
and detects inconsistencies that could signal
irrigation malfunctions or sensor faults
[Abdelmoneim et al., 2025]. Other works
incorporate generative adversarial networks or
multimodal data fusion to improve anomaly
detection accuracy under complex agricultural
conditions. Nonetheless, these methods rarely
include explicit metrics to quantify sensor
degradation or provide actionable criteria for
sensor replacement [Noshad et al., 2019]
[DeMedeiros et al., 2023].

In parallel, statistical process control
methods—particularly those inspired by Six
Sigma—have long been used to detect
deviations from expected behavior in quality-
critical processes [Zwetsloot et al., 2024].
Recent studies have demonstrated the value of
integrating Six Sigma thresholds with electronic
systems data streams to enhance automated
quality assessment  [Pratiwi et al., 2021].
Despite their potential, few contributions apply
these statistical frameworks to agricultural IoT
systems with the goal of monitoring sensor
deterioration over time.

To address this gap, the present study
proposes an algorithm that [i] detects anomalous
sensor data using manufacturer-defined physical
limits together with a Six Sigma—inspired
statistical approach, [ii] classifies anomalies
into a domain-specific typology associated with
sensor degradation patterns, and [iii] aggregates
anomaly frequency and severity into a Sensor
Quality Indicator [SQI] that supports informed
sensor replacement decisions.
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The algorithm is validated in six climate-
controlled experimental chambers for Capsicum
chinense production at the Tecnologico
Nacional de México, Campus Conkal, Yucatan.

Methodology
Experimental Site and IoT Deployment

The proposed system was implemented at
Tecnologico Nacional de México, Campus
Conkal, in Yucatan, Mexico, where agricultural
and biological studies are conducted on local
crops such as Habanero pepper.

Figure 1
Climate-controlled experimental chambers
Source: Own elaboration

Six  experimental chambers were
constructed in the postgraduate area to evaluate
the impact of climate change scenarios on crop
development. Each chamber [2.0 m wide, 3.5 m
long, and 2.10 m high] is equipped with:

- air conditioning,

- ventilation fans,

- nebulization systems,
- drip irrigation, and

- CO: injection.

Each chamber hosts one [oT sensor node
that monitors key environmental variables: air
temperature, relative humidity, soil moisture,
and luminosity. The nodes are built around low-
power microcontrollers with integrated analog
and digital interfaces, and each one incorporates
an IEEE 802.15.4, compliant XBee module
configured to use DigiMesh for robust multi-hop
communication.

An Edge node is in a control station,
acting as the data concentrator and processing
unit. An intermediate repeater node provides
reliable wireless coverage between the
experimental chambers and the Edge node,
ensuring minimal data loss even in the presence
of obstacles and interference.
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iehT

Figure 2

System architecture
Source: Own elaboration

Hierarchical Architecture

The overall architecture, as shown on figure 1,
follows a three-layer hierarchical IoT model:

Data acquisition [perception] layer

- Set of [IoT nodes within the experimental
chambers.

- Sensors: soil moisture, air temperature,
relative humidity, and luminosity.

- Sampling period: 3 seconds.

- Data are preprocessed and formatted into
packets transmitted via XBee modules.

Connectivity [edge] layer

- Edge node based on a single-board
computer.

- Responsible for local storage [relational
database], basic data wvalidation, and
execution of the proposed anomaly
detection and classification algorithm.

- Computes the Sensor Quality Indicator
[SQI] per sensor and updates a local

- dashboard for field operators.

Concentration [cloud] layer

When scaling to multiple greenhouses or
additional experimental sites, data and SQI
values can be replicated to a cloud server using
an Infrastructure-as-a-Service [laaS] platform.

This  layer  enables  centralized
monitoring, long-term analytics, and remote
access.

Palma-Gamboa, Oscar Antonio & Ceballos-Hernandez, Martha Rocio.
[2025]. ToT sensor diagnostics through anomalous data detection and
classification. Journal of Computational Systems and ICTs. 11[26]1-10:
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Figure 3
Data collection process.

Source: Own elaboration

Dataset and Sliding Window Configuration

Each sensor generates a time series x [t] sampled
every 3s. For anomaly detection and
classification, data are processed in sliding
windows of 600 samples, corresponding to 30
minutes of observation. This window size offers
a compromise between capturing short-term
variability and providing sufficient samples to
estimate stable statistical parameters.

For each window and each sensor, the
following are computed:

- mean [,

- standard deviation o,

- control limits at u+3c and ut50,

- gradients and second-order differences
between consecutive samples.

eli] = xp[i] = xr[i — 1] [1]
grad(x;[i]) = %mﬂl_l] (2]

— xT[i]—ZxT[i—1]+xT[i—2] [3]

grad [grad(x[i])]

tm

fT — Ei:;xTi [4]
n w12

Sp = 2x=15¢+xﬂ [5]

LIT :fT_3ST [6]

LST = f'[' + 3 ST [7]

The same window configuration is
applied to all environmental variables for
consistency; however, the suitability of this
choice is discussed in the Limitations section.
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Anomaly Detection and Classification
Algorithm.

The proposed algorithm operates in two main
stages: detection and classification. The output
of the classification stage is then aggregated into
an SQI.

Detection of Anomalous Data
Verification of Physical Limits

The first detection step verifies whether each
measurement lies within the physical limits
specified by the sensor manufacturer. For a
given sensor, any sample x [t] that satisfies:

x [t]<Lmin or
x [t]> Lmax

is immediately marked as anomalous. This
simple yet effective rule detects:

- saturation,

- clearly impossible values [e.g., relative
humidity > 100%], and,

- values indicating sensor disconnection or
hardware damage.

Table 1
Range of values of the IoT node variables.

Variable Type sensor Range of values
datasheet
SHT21 Humidity Sensor
Temperature GY39 Humidity Sensor -40 to 80 °C
DHT22 Temperature Sensor
Relative SHT21 Hum}d}ty Sensor
Humidity GY39 Humidity Sensor 0-100% HR
DHT22 Humidity Sensor
So'il' Capacitive Soil Moisture 0-100% HS
Humidity
Luminosity BH150 Light Sensor 1-655351x

Figure 4

Process to detect values at the physical limits of any
sensor [PL process].
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Six Sigma—Based Statistical Monitoring

To detect less apparent anomalies within the
nominal physical range, we apply a Six Sigma
inspired approach on each sliding window:

1. Compute the window mean p and standard
deviation o.
2. Define inner and outer control bands:
e inner band: [u—30, ut3o]
e outer band: [u—50, ut+50].
3. Classify any sample outside the inner band
as candidate anomaly; samples outside the
outer band are considered strong candidates.

This approach is aligned with classical
SPC theory but adapted to the dynamics of
environmental  variables in  agricultural
chambers. It enables the detection of sporadic
spikes and sustained deviations without
requiring a model of the underlying process
[Pratiwi et al., 2021] [Chatterjee et al., 2022]

CTECMHer Prug@

Increment Step

CountS=0
')
10,

Figure 5
Six-Sigma process.

Source: Own elaboration
Typology of Anomalies

Detected anomalies are further analyzed to
classify them into one of several anomaly types,
defined specifically for this scenario:

Outlier

Isolated sample slightly outside the 3c band,
with no sustained pattern and low frequency in
the window.
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Figure 6
Outlier process.

Source: Own elaboration

Noisy

Series of small deviations, with multiple samples
fluctuating near or beyond the 3¢ band,
indicating increased measurement noise.

Peak
Short, high-amplitude excursion [often beyond
5c] followed by a rapid return to normal levels.

Step

Sudden and sustained shift in the baseline level,
where measurements remain at a new plateau
before eventually returning to normal.

Stuck

Sequence of nearly constant values, often at
boundaries or unrealistic levels, suggesting that
the sensor output is frozen.

Extreme

Samples far beyond physical limits or with
patterns incompatible with the expected
behavior of the variable.

Start Peak-Step Process

Increment Peak Increment Count§

Increment Stuck

Increment Peak

1

Increment Stuck

Counts=0

o=

Figure 7
Peak-Step process.

Source: Own elaboration
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The classification is based on:

- duration of the anomaly in samples,

- amplitude relative to p and control limits,

- gradient and second-order gradient,

- temporal context [position within the
window].

The algorithm computes simple temporal
statistics in each window [e.g., number of
consecutive anomalies, length of plateaus,
maximum overshoot] and applies rule-based
criteria to assign each anomalous sample to one
of the types above.

Table 2
Features related to frequency, duration, and values of
anomalous data.

Type of Identified features
anomalous

data

Outlier They are identified as values whose occurrence has
a low frequency, at most 10%, occasionally
reaching 20%, within a window of 600 samples,
with a positive or negative trend, with values that
exceed the limits established by the Six-Sigma
interval for a small amount, reaching a maximum
of 20%.

Noisy This is a variant of the Outlier. Are identified as
values of a high frequency of occurrence, greater
than 20% within a window of 600 samples, with a
positive or negative trend, with values exceeding
the bounds set by the Six-Sigma interval by a small
amount, reaching the most 20%.

Peak They are identified as values of a regular
frequency of occurrence, within a range of 10%
to 40% within a window of 600 samples, with a
pronounced trend, either positive or negative, with
levels that exceed the limits established by the
interval Six- Sigma in an acceptable range,
around 20% or a little more.

Step They are identified as values characterized by
following a step or block shape, with values that
exceed the limits established by the Six-Sigma
interval within a range between a small and a large
amount within a window of 600 samples, with a
positive trend or negative. These data return to the
trend prior to the occurrence of the deviation, with
a duration ranging from 2% to 80%.

Stuck They are identified as values that exceed the limits
established by the Six-Sigma interval in a wide
range within a window of 600 samples, with a
positive or negative trend, with a long duration,
greater than 60% of the samples

Extreme They are identified as values that widely exceed
the limits established by the Six-Sigma interval
within a window of 600 samples, with a positive or
negative trend, stagnant at their extreme value,
and according to their duration they will be
classified as Peak Extreme [PE], Step Extreme
when 2% to 80% of the samples are used [SE], or
Stuck Extreme when more than 80% of the
samples are used [SKE].

Source: Own elaboration
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Sensor Quality Indicator [SQI]

To translate the anomaly typology into a
quantitative measure of sensor health, we define
a Sensor Quality Indicator [SQI]. For each
sensor and each window, the algorithm:

Counts the occurrences of each anomaly type.

Assigns an impact factor [k to each type k,
reflecting its severity [e.g., Extreme and Stuck
anomalies are considered more harmful than
sporadic Outliers].

Computes a degradation index:

DI = Y I fi [8]

where fk is the normalized frequency of
anomalies of type k in the window.

Normalizes the degradation index with respect to
a maximum tolerable value DImax to obtain:

DI

SQI=1-— [9]

Dlmax

The SQI takes values in [0,1] and is
interpreted as:

- SQI > 0.8: sensor operates correctly [no
immediate action required].

- 0.6 < SQI < 0.8: sensor in warning state
[monitor and plan replacement].

- SQI <0.6: sensor considered degraded or
faulty [replacement recommended].

The impact factors were initially
determined based on expert knowledge and
empirical observation of how each anomaly type
affects control decisions.

Future work will refine these values
using sensitivity analysis and feedback from
agronomists. The SQI values are stored in the
Edge node, visualized through a dashboard, and
can be propagated to the cloud layer for remote
monitoring and decision support.

Results
Long-Term Operation

The IoT deployment has been operating
continuously since April 2025, providing a large
dataset of environmental measurements for the
six experimental chambers.
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Over this period, the algorithm has been
applied in an online fashion at the Edge node to
monitor sensor health.

In periods without known failures, time
series of temperature, relative humidity, soil
moisture, and luminosity exhibit expected daily
and experimental patterns. The algorithm
correctly identifies normal variability as non-
anomalous, yielding high SQI values close to 1.0
for all sensors.

Detection of Spurious Outliers

In one of the soil moisture sensors, the algorithm
detected several isolated outliers within a 600-
sample window—specifically, 36 samples [6%
of the window] outside the 3c band. These
anomalies did not correspond to irrigation events
or other known operations and were classified as
Outliers. The overall SQI remained high,
reflecting that such occasional anomalies do not
justify immediate sensor replacement but should
be monitored.

Induced Faults and Degradation

To wvalidate the algorithm under controlled
conditions, intentional perturbations were
introduced into a soil moisture sensor by
modifying its electronic circuitry. As a result, the
sensor generated persistent, unrealistic values
and sequences of constant readings. The
algorithm classified these as Stuck, Step, and
Extreme anomalies, leading to a substantial

decrease in SQI well below the warning
threshold.

This experiment confirms that the
proposed method can distinguish between mild
noise and severe faults, and that the SQI reacts
consistently with the perceived severity of
anomalies.

The results obtained from the
experimental ~ deployment  suggest that
combining:

- physical limit verification,

- Six Sigma-based statistical monitoring,
and

- domain-specific anomaly classification
provides a practical and interpretable
framework for monitoring sensor health
in agricultural IoT systems [de Souza et
al., 2020] [Zhou et al., 2024].
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Compared to approaches that simply
discard anomalous data, the proposed algorithm:

- preserves information about the type and
frequency of anomalies,

- enables a sensor-centric view of data
quality through the SQI, and

- supports maintenance planning and
sensor replacement decisions.

Moreover, the algorithm is lightweight
and can be executed at the Edge node without
significant computational burden, which is
crucial for rural deployments with limited
resources and intermittent connectivity.

However, several aspects deserve further
investigation:

- The choice of window size  [600
samples] and the use of fixed control
limits may not be optimal for all
variables and scenarios, especially under
rapidly changing environmental
conditions.

- The impact factors used in the SQI
definition are based on expert judgment
and need to be calibrated quantitatively
against agronomic outcomes.

- The algorithm is primarily statistical and
rule-based; integrating machine learning
models [e.g., autoencoders or GANs]
could improve early detection of
complex patterns while retaining
interpretability.

Discusion

The proposed approach can be further discussed
in the context of recent studies that analyze
anomaly detection in IoT and wireless sensor
networks from a broader methodological
perspective. Comprehensive surveys on [oT
anomaly detection emphasize that, although
machine learning and deep learning techniques,
such as autoencoders, generative adversarial
networks, and graph-based models, have
demonstrated strong capabilities for capturing
complex, multivariate patterns, they often suffer
from limited interpretability, higher
computational costs, and a strong dependence on
large labeled datasets, which restricts their
applicability in resource-constrained agricultural
environments [Chatterjee et al., 2022] [De
Medeiros et al., 2023].
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In contrast, statistical process control—
based approaches, including Six Sigma-inspired
methods, offer transparent decision rules and
lower computational overhead, making them
suitable for edge-level implementation in real
agricultural deployments [Pratiwi et al., 2021].
Recent works on agricultural WSNs using
multimodal data fusion highlight the growing
interest in integrating heterogeneous data
sources to improve anomaly detection accuracy;
however, these approaches typically focus on
detecting abnormal patterns rather than
explicitly quantifying sensor degradation or
providing actionable indicators for sensor
replacement [Zhou et al., 2024]. In this regard,
the Sensor Quality Indicator [SQI] proposed in
this study addresses an identified gap in the
literature by linking anomaly typologies to a
quantitative  degradation metric, thereby
complementing  existing detection-oriented
frameworks and contributing an interpretable
tool for maintenance planning and decision
support in agricultural IoT systems.

Limitations and Future Work
The main limitations of the present study are:

- The experimental validation is based on
a single site and crop [Habanero
pepper]; generalization to other crops,
climates, and sensor types requires
additional experiments.

- Performance metrics such as precision,
recall, and Fl-score for anomaly
detection were not systematically
quantified against a large, labeled
dataset; constructing such a dataset is a
goal for future work.

- The SQI thresholds used to define
warning and fault states were chosen
heuristically; they should be refined
using data-driven calibration and expert
feedback.

Future research will focus on:

- extending the algorithm to multi-sensor
fusion and spatio-temporal anomaly
detection in larger greenhouse networks,

- integrating data-driven models alongside
the current Six Sigma-based approach,
and

- correlating sensor degradation indicators
with plant growth and yield metrics to
close the loop between data quality and
agronomic performance.
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Conclusions

This paper has presented an algorithm for
detecting and classifying anomalous sensor data
in an agricultural IoT system and for deriving a
Sensor Quality Indicator [SQI] to support sensor
replacement decisions. The algorithm combines
physical limit verification, Six Sigma-style
statistical monitoring, and a domain-specific
anomaly typology tailored to environmental
sensors in experimental chambers.

The long-term deployment in six
Habanero pepper chambers demonstrates that
the approach can operate in real conditions,
detect different types of anomalies [including
subtle outliers and severe faults], and provide
interpretable SQI values for each sensor.

The proposal contributes a practical tool
to improve data quality and support maintenance
in agricultural IoT deployments, and it opens
avenues for integrating more advanced anomaly
detection techniques and agronomic feedback in
future work.
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Abstract

This article presents the optimization of a prototype marker centrifuge,
implemented with IoT technology using an ESP32, incorporating
structural, cooling, and stability enhancements. The main objective is to
recover residual ink from seemingly depleted markers, promoting the
reuse of school materials and sustainability in educational environments.
The innovations include a cooling hopper, slotted fins to reduce air
friction, and a safety structure that prevents the accidental ejection of
markers during rotation. The system integrates sensors, an OLED display,
LEDs, and a buzzer for visual and auditory process monitoring, as well
as speed control via PWM signals. Its design was 3D printed to facilitate
implementation and replication. This proposal enables engineering
students to apply knowledge in programming, electronic design, and IoT
technologies, consolidating practical learning with a positive
environmental impact. The prototype was experimentally validated with
favorable results, supporting its implementation as a teaching and
learning tool.
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Resumen

Este articulo presenta la optimizacion de un prototipo de centrifugador
de plumones, implementado con tecnologia IoT mediante ESP32,
incorporando mejoras estructurales, de enfriamiento y estabilidad. El
objetivo principal es recuperar tinta residual en plumones aparentemente
agotados, promoviendo la reutilizacion de materiales escolares y la
sostenibilidad en entornos educativos. Las innovaciones incluyen una
tolva de enfriamiento, rendijas en las aletas para reducir la friccion y una
estructura de seguridad que evita la expulsion accidental de plumones
durante el giro. El sistema incorpora sensores, pantalla OLED, LEDs y
buzzer para monitoreo visual y auditivo del proceso, asi como control de
velocidad mediante sefiales PWM. Su disefio fue impreso en 3D para
facilitar su implementacion. Esta propuesta permite a los estudiantes de
ingenieria aplicar conocimientos en programacion, disefio electronico y
tecnologias IoT, consolidando el aprendizaje practico con impacto
ambiental. El prototipo fue validado experimentalmente con resultados
favorables para la implementacion de la ensefianza-aprendizaje.
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Introduction

Integration of IoT technologies and automation
in centrifugal machines is transforming material
separation  processes, enabling real-time
monitoring, predictive maintenance, and remote
control. According to the Future Trends and
Innovations portal by ICM [2025], these smart
capabilities increase operational efficiency and
reduce downtime, thanks to the incorporation of
digital sensors, condition analysis, and network
communication.

This advancement reflects the trend
toward more connected, automated systems
aligned with Industry 4.0 principles. In the same
direction, Mohsin et al. [2025] propose a
technological framework integrating edge
computing and 10T to automate the disassembly
of waste printed circuit boards [PCBs]. This
sensor-based approach, which uses real-time
data transmission, enables automatic detection
and classification of electronic components for
reuse. In this way, traditional recycling—costly,
slow, and hazardous—is transformed into an
efficient, safe, and sustainable process through
decentralized intelligent  decision-making.
Complementing this landscape, Alnanih et al.
[2025] developed an intelligent waste
management system based on IoT and software
engineering tools. This system employs cloud-
connected sensors, data analytics platforms, and
mobile applications to collect waste efficiently.
Beyond improving recycling efficiency, it
fosters ecological awareness and environmental
education, demonstrating that IoT systems not
only optimize resources but also strengthen
sustainable practices and technical learning in
educational contexts.

The article by Ginting and Apnena
[2024], presents an intelligent waste
management and recycling system based on the
Internet of Things [IoT], which uses machine
learning  algorithms to optimize waste
classification. This system combines sensors,
communication platforms, and cloud processing
to automatically identify waste types, optimize
collection routes, and promote sustainable
practices. Its architecture is based on sensors that
monitor container fill levels, server connections
using protocols like MQTT, and intelligent
classification through machine learning models,
highlighting the feasibility of automated systems
in educational or urban settings.
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In a complementary approach, Hossain
and Sahajwalla [2024] review current
innovations in electronic waste recycling,
highlighting  technologies such as low-
temperature metallurgy and hybrid furnaces,
which enable the recovery of valuable metals
from printed circuit boards and batteries without
resorting to highly polluting processes.

Their proposal promotes circular models
and urban mining as key strategies for
sustainable production, aligning with the
principles of the circular economy, even in the
context of developing countries. Meanwhile,
Ghosh and Goswami [2025], propose a deep
learning hybrid model called
HybridSOMSpikeNet, designed to enhance
waste classification in IoT environments using
smart sensors and real-time perception.

Its architecture combines differentiable
soft self-organizing maps with spike-type neural
dynamics, improving both accuracy and energy
efficiency. This proposal is especially relevant
for managing electronic or school-related waste,
such as materials that could be recovered
through automated centrifuge systems in
educational settings. Similarly, the work by
Zhang et al. [2024] introduces an innovation in
PCB manufacturing using recyclable vitrimer
materials, allowing thermal disassembly and
recycling without losing the material’s
functional  properties. This advancement
represents a key contribution toward sustainable
electronics, as it facilitates the redesign of
educational prototypes—such as the centrifuge
developed in this project—where component
reuse and disassembly capability are essential.

Finally, Abide et al. [2025] propose a
sustainable solution for the reuse of solid waste
in cement factories, combining [oT technologies
with deep learning models. Their system uses
smart sensors and convolutional neural networks
to classify and monitor waste, efficiently
integrating it as raw material in industrial
processes. This model highlights the importance
of remote connectivity, real-time analysis, and
automation—elements that are also fundamental
in the development of educational devices
focused on material reuse, such as the redesigned
hopper and ventilation centrifuge prototype
presented in this article.
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The article by Brouwers [2023] presents
a review of innovative centrifugal separation
methods, emphasizing how advances in rotor
design, flow geometry, and materials can
significantly improve system efficiency in
industrial and environmental applications.
Among the benefits noted are improvements in
operational stability, reductions in energy
consumption, and optimization of system
performance through configurations tailored to
specific needs. This is particularly relevant for
proposals integrating automated centrifuge
systems with redesigns focused on ventilation
and cooling, as in the present project.

In this same context of technological
improvement with a sustainable focus, the work
by Anitha and Parthiban [2025] proposes a
scalable and intelligent platform for urban waste
management, based on the integration of
Artificial Intelligence, graph structures, and the
Internet of Things [loT]. This architecture
enables real-time monitoring, prediction of
waste generation, and optimization of collection
routes, reinforcing the importance of connected
and predictive technologies in systems seeking
operational efficiency and sustainability—such
as educational IoT devices for recycling.

Additionally, the report by Baldé et al.
[2024] provides a global analysis on the
generation and management of electronic waste
[e-waste], warning that only 22.3% of the 62
million tons generated in 2022 were properly
managed. This situation reflects an urgent need
for public policy, adequate infrastructure, and
technologies such as [oT for efficient traceability
and collection of waste. This global outlook
underscores the relevance of innovative
solutions, even on a small scale, such as school-
based devices focused on electronic recycling.

From a developing country perspective,
the article by Séanchez [2025] conducts a
systematic review of waste electrical and
electronic  equipment [WEEE] recycling
technologies,  highlighting  that  despite
technological advances, implementation is
hindered by economic limitations, lack of
infrastructure, and poor regulation. In this regard,
the work underscores the importance of adapting
technological solutions—such as those based on
IoT and automated classification—to the
educational and social context, which aligns
with projects promoting the reuse of discarded
school materials such as markers. Finally,
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Tanuja et al. [2023] highlight emerging
technologies driving the circular economy
through sustainable recycling and
remanufacturing of components. These include
IoT systems, smart sensors, advanced
classification, 3D printing, and reconfigurable
structures, all of which reduce environmental
impact and extend material life.

This comprehensive vision directly
connects with the philosophy of the proposed
project, which combines electronics, automation,
and digital design to recover ink from markers
and promote environmental and technological
education.

Several studies have highlighted the
relevance of embedded systems and
communication architectures as fundamental
pillars for the implementation of Internet of
Things [loT]-based solutions. In this context,
Berrighaid and Daddouche [2025] presents a
study focused on the design and implementation
of a technological system that integrates sensors,
data acquisition, and digital platforms for
process monitoring and optimization.

The authors demonstrates that the proper
integration of hardware and software enables
efficient real-time monitoring of physical
variables, facilitating data analysis and informed
decision-making in automated systems. From an
instrumentation  perspective, the  study
emphasizes the importance of accurate
measurement through appropriate sensors,
signal conditioning, and analog-to-digital
conversion, which are key elements to ensure the
reliability of the acquired information.
Furthermore,

The authors points out that the
incorporation of sensors and IoT platforms
allows the supervision of variables such as
rotational speed, operating time, and energy-
related parameters, contributing to improved
process control and enhanced operational
efficiency. Finally, the study highlights the
positive impact of intelligent technologies on the
development of sustainable solutions by
promoting process optimization and waste
reduction, thereby supporting their application in
educational and experimental environments and
strengthening hands-on training in the fields of
engineering and instrumentation.
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With the aim of increasing operational
efficiency and preventing motor overheating
during prolonged periods of operation, several
studies have proposed design strategies focused
on thermal and energy optimization. In this
context, Yu Yue [n.d.] presents a study centered
on the development of high-performance electric
motors for fans used in data centers, where
cooling efficiency is a critical factor due to the
high thermal load density.

The study integrates experimental
analysis, structural optimization, and material
improvements to develop a compact, high-
capacity, air-cooled motor capable of meeting
the growing energy demands of modern data
centers. In addition, the research incorporates
advanced technologies, such as the use of
nanocrystalline soft magnetic materials and flux
reversal machine [FRM] configurations, which
enable increased torque density, reduced
electromagnetic losses, and improved overall
motor efficiency.

These contributions establish a relevant
foundation for the design of more efficient and
thermally stable electromechanical systems,
providing guidelines that can be extrapolated to
applications where thermal control and
continuous operation are decisive factors for
system reliability and performance.

Such is the case of the present project,
which  proposes  the  redesign, and
implementation of an automatic marker
centrifuge aimed at recovering ink adhered to
internal walls, reducing waste and promoting
ecological practices. This new prototype
incorporates key structural improvements, such
as an optimized hopper that fits directly onto the
motor, and ventilation slots that allow air flow to
generate natural cooling, improving thermal
performance and extending system lifespan. In
addition, vented fins were added, which reduce
air friction during rotation, improving rotor
stability. The system is based on the ESP32
microcontroller, a platform compatible with [oT
technology, which enables automation of the
centrifugation process via Wi-Fi or Bluetooth
connectivity.

The prototype integrates a printed circuit
board  [PCB] design, sensors, and visual
actuators such as OLED screens and LEDs, and
its physical structure has been manufactured
using 3D printing, reducing costs and facilitating
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integration in school settings. This approach not
only contributes to efficient resource use, but
also strengthens the teaching-learning process,
allowing electronics engineering students to
apply their knowledge in programming, system
control, electronic design, digital manufacturing,
and applied sustainability.

Objective

To develop an innovative, low-cost, and easy-to-
implement solution focused on the reuse of
apparently exhausted markers, through the
incorporation of structural, cooling, and stability
improvements, validating its application as a
didactic tool in educational environments. This
proposal aims to promote sustainability and the
efficient use of school resources within the
teaching—learning  process  through IoT
technologies.

Hypothesis

If structural, cooling, and stability improvements
are implemented in an IoT-based marker
centrifuge prototype, then improved functional
performance will be achieved, enabling the
efficient recovery of ink from apparently
exhausted markers, while promoting the reuse of
school resources and strengthening the
teaching—learning process in educational
environments.

Methodology and Development

It should be noted that the original design of the
control circuit used in this project was
previously developed and presented in an earlier
publication, as part of the resources generated by
the Program for the Support of Projects to
Innovate and Improve Education [PAPIME],
whose objective is to strengthen teaching at the
National Autonomous University of Mexico
[UNAM]. This circuit has been reused and
specifically adapted to be integrated into the
redesigned centrifuge, incorporating structural
improvements in the holding hopper, the
ventilation system, active motor cooling, and the
operational stability of the prototype.

The project was developed at the
Measurement and Instrumentation Laboratory of
the Technological Center of the Faculty of
Higher Studies Aragon, part of UNAM.
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The work began with the design of the
schematic circuit, using an ESP32 development
board, which enables the implementation of
technologies based on the Internet of Things
[IoT]. In this study, a sustainability-oriented
approach was adopted, with the objective of
maximizing the use of whiteboard markers
through an automated centrifugation system.

As shown in Figure 1, the system
incorporates  several essential  electronic
components for the operation of the centrifuge.
Motor activation is carried out through an
IRF3205 MOSFET, to which a diode is
connected at the Drain pin to protect the circuit
against possible reverse currents. The Gate of the
MOSFET is controlled by a 4N27 optocoupler,
whose function is to safeguard the ESP32 output
pin against overloads or electrical interference.
The system includes an audible indicator
[buzzer], which emits sound signals both at the
start of the centrifugation process and during
motor speed changes, thereby facilitating
monitoring of the operating cycle.

Additionally, a set of traffic-light-type
visual indicators is incorporated, representing
the progressive increase in speed through light
signals, configured via Pulse Width Modulation
[PWM] control provided by the ESP32. Finally,
an OLED display is integrated to visualize real-
time variations in motor speed, providing an
informative and accessible interface for the user.
This set of technologies offers a functional
solution adaptable to industrial, academic, and
research contexts

!

Figure 1
Instrumentation and Control Schematic
Circuit of the Centrifuge
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Figure 2 shows the integration of the
printed circuit board [PCB] with the electronic
components already mounted, soldered, and
operating correctly. In this publication, the PCB
design process and preliminary protoboard
testing are not discussed in depth, as these
aspects were addressed in previous works. In this
case, the PCB is presented as a general-purpose
shield-type board or platform, designed to
facilitate the mounting of the ESP32
development board, its programming, and its
reuse across different stages of instrumental
development.

The ESP32 is mounted on female header
pins, allowing for easy removal for
programming, maintenance, replacement, or
upgrading tasks without affecting the rest of the
system. Similarly, the OLED display was
integrated using a detachable interface,
facilitating its removal in case of failures or
experimental  adjustments. This modular
mounting scheme is oriented toward didactic use,
allowing the system to function as a base
platform for laboratory practices, where students
can progressively incorporate, modify, or
expand the centrifuge’s functionalities.

This strategy not only improves the
flexibility and maintainability of the prototype
but also reinforces its educational value as a
learning instrument in electronics, control, and
IoT.

Figure 2
Printed Circuit Board [Electronic Component
Assembly on the PCB]

The mobile application used to control
the centrifuge is presented, as shown in Figure 3,
with an updated graphical interface adapted to
the system redesign, while maintaining the same
operational logic previously developed.
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In this publication, the block-based
programming performed in MIT App Inventor is
not discussed in detail, as the code development
procedure was thoroughly described in earlier
works.

In the present study, the application
retains its original functionality, limiting
modifications to the visual presentation of the
interface in order to adapt it to the new
mechanical design and improve user experience.
The connection between the smartphone and the
ESP32 development board is established by
scanning a QR code, allowing for a quick and
intuitive connection and enabling the activation
and deactivation functions of the marker
centrifuge.

This approach reinforces the modular
and reusable nature of the system, facilitating its
implementation as a didactic and control tool in
laboratory practices without the need to
reconfigure the base software.

Figure 3

IoT Application Development Using the MIT App
Inventor Tool.

Figure 4 presents the detailed dimensions
of the system base, along with a representation
of the three-dimensional model. In the
dimensioned diagram, the channels designed for
routing the motor’s electrical wiring are clearly
identified, with one corresponding to the
positive conductor and the other to the negative.
Both channels descend to the bottom of the base
and connect to a main channel 25 mm wide that
guides the wiring outside the structure.

The dimensions of the motor housing are
also specified, consisting of a cavity located at
the upper part of the base that extends to the
beginning of the tubing. At this point, an orifice
designed to support the lower part of the shaft
and motor is also present. The primary objective
of this base redesign is to improve the structural
stability of the system during the centrifugation
process.
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The perimeter design features a geometry
that progressively narrows from a wide base to a
narrower tip. This configuration not only
provides the necessary space for the rotor,
located at the top, to rotate freely without
interference, but also improves the downward
distribution of centrifugal force, minimizing
vibrations or wobbling and ensuring stable and
safe operation.

It should be noted that this redesign is
part of a continuous improvement strategy for
the didactic instrument. The base now also
includes an internal wiring system and a
structure that facilitates the mounting and
dismounting of the direct current motor. This
optimized design responds to the need to adapt
the system for laboratory practice use, allowing
staged assembly and the possibility of
reprogramming the ESP32 board for centrifuge
speed control. This modular approach benefits
both teaching and experimentation by offering a
reusable, accessible, and technically robust
system.

Figure 4
Side View Dimensions of the Base and 3D
Model of the Base.

In Figure 5, the projection of the
dimensions corresponding to the centrifuge
motor housing can be observed at the center of
the dimensioned diagram. This section includes
a circular space specifically designed to house
the lower part of the shaft, as well as square-
shaped lateral cavities intended for the motor
terminals and the passage of electrical wiring.

This wiring descends through the tower
structure and exits the system through two
parallel channels.
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Figure S

Dimensions from the top view and top view of
the 3D model.

Figure 6 shows the final position of the
centrifuge containers, whose design was
optimized so that, during rotation, the generated
inertia directs the ink contained in the marker
sponge horizontally toward the casing. This
principle prevents the ink from concentrating at
the marker tip, which could cause spills during
the centrifugation process. The part has a height
of 27 mm at its base and 113 mm at the top. The
markers are inserted through a 22.5 mm channel
located on the right side of the model and
descend to the bottom of the compartment. The
inner walls also have a height of 22.5 mm,
preventing the markers from moving laterally
out of the mechanism. Additionally, a top cover
was added, which acts as a containment roof,
preventing the markers from being expelled
outward due to centrifugal force acting
horizontally to the left.

As part of this redesign, the container’s
fins were modified by incorporating lateral slots
that break the airflow during rotation. This
feature improves the system’s aerodynamics,
reduces air friction, and consequently lowers the
energy consumption of the DC motor.

This approach not only optimizes system
performance but also contributes to its
operational efficiency. Furthermore, the marker
input was redesigned to reinforce retention
during operation; now each slot securely holds
four markers, preventing them from being
expelled by centrifugal force.
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Figure 6
Dimensions from the side view of the marker
container fins - 3D model design.

Figure 7 shows the dimensional details of
the motor cover, which was redesigned to
enhance its functionality and integration with the
centrifuge system. This cover now securely
accommodates up to  four  markers
simultaneously,  thanks to  cross-shaped
compartments that evenly distribute weight and
centrifugal force during rotation.

The images show that each arm of the
cover includes small 10 mm long and 5 mm
diameter guide cylinders that enable precise
coupling with the system’s fins, ensuring a firm
and stable assembly.

This redesign not only improves the
mechanical coupling between the motor shaft,
fins, and marker containers but also optimizes
the overall system assembly. Additionally, by
symmetrically distributing the mounting points,
a more efficient balance is achieved during
centrifugation, reducing unwanted vibrations.

Figure 7
3D model design of the rotor center side view.

Finally, once the 3D models were printed,
the full device was assembled. Figure 8 shows a
3D exploded view diagram representing how the
various parts of the centrifuge system for four
markers fit together. This model facilitates
understanding of the system’s architecture and
the relative arrangement of each component.
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The image shows that the central base of
the centrifuge, as well as the container fins, were
manufactured using PETG material with 100%
infill, providing the system with high structural
rigidity necessary to withstand centrifugal force
during operation.

The support cylinders visible in the
figure allow each fin to be securely attached to
the central casing, keeping them aligned with the
axis of rotation.

The electric motor is housed at the center,
and its power terminals are connected through
specially designed internal slots that channel the
wires through the support tower, exiting neatly
at the bottom and connecting to a 12V power

source that feeds the general-purpose control
board.

Figure 8
3D exploded diagram of the assembly and
placement of parts for the marker centrifuge

Figure 9 shows one of the 3D-printed fins
of the centrifuge system, specifically designed to
hold one marker per compartment. This design
not only facilitates system assembly but also
maximizes its functionality. The fin’s interior
features a deep, structurally reinforced channel
where the marker is inserted. This compartment
was redesigned with internal geometry that
improves grip and prevents the marker from
moving or being ejected during centrifugation,
even at high speeds.

In addition, the integrated lateral slots on
the fin body serve to disrupt the airflow during
rotation. This characteristic makes the system
more aerodynamic, reducing air friction and,
therefore, decreasing the motor's current
consumption.

This optimization is especially critical
when working with limited power sources or
aiming to extend system lifespan.
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To make efficient use of the
centrifugation cycle, it is recommended to insert
all four markers simultaneously, especially if
they have been previously used. This allows for
more uniform ink recovery from the internal
walls of the markers, maximizing resource
utilization and reducing operation time.

Figure 9
3D printing of the base and internal channels

for wiring, with a central hole for the motor
shaft

Figure 10 presents the physical prototype
of the redesigned centrifuge base, manufactured
using 3D printing with PETG filament at 100%
infill to ensure structural rigidity during
operation. This image also shows the motor
installed directly into the top housing of the base.

The visible lateral channels in the
structure allow for neat guidance of the positive
and negative electrical conductors, internally
connected to the motor terminals and exiting
toward the 12V power supply without
compromising aesthetics or stability.

The coupled motor is the HC385G-301
model from Low Voltage DC Motors, a high-
power direct current motor that operates
efficiently up to 17 VDC, delivering a nominal
speed of 14,300 rpm and a torque of 8 mNm.

These specifications make it a suitable
option for generating the centrifugal force
required for system operation, facilitating the
movement of residual ink inside the markers.
This motor was selected not only for its proven
performance during initial testing but also for its
wide commercial availability, cost-benefit ratio,
and thermal resistance capacity, being able to
operate at temperatures not exceeding 50 °C
without affecting system performance.

This feature is especially relevant in
contexts of prolonged use or environments
where energy losses may manifest as heat.
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Figure 10
Image of the base and HG385G-301 motor

Figure 11 shows the central 3D
component of the centrifuge system, which has
been redesigned to incorporate a hopper that
completely encloses the motor, allowing secure
and efficient mounting within the system.

This redesign not only ensures proper
mechanical coupling with the motor shaft but
also introduces a passive ventilation system
through uniformly distributed radial slots around
the structure.

These slots allow the dissipation of heat
generated during continuous motor operation,
which is crucial for preserving system efficiency
and extending its service life, especially in
educational environments where the device may
be used for prolonged periods.

The purpose of this ventilated hopper is
to facilitate intensive use of the device in
university classrooms, where engineering
students and instructors frequently use markers
on whiteboards in laboratories and classrooms.

Thanks to this redesign, the system not
only becomes a sustainable solution by
preventing ink waste but also adapts to the
practical demands of hands-on education.
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Figure 11

Side view of the base with the motor
assembled

Results

During the initial functional tests conducted on
the redesigned marker centrifuge system, the
motor exhibited outstanding performance,
maintaining a stable and constant rotation of the
shaft even with the fins acting as marker
containers installed. The 3D-printed structure,
manufactured with PETG material at 100% infill,
demonstrated  high  mechanical strength,
adequately withstanding the internal
temperatures generated during continuous
operation as well as the inertial forces derived
from rotation, without showing deformation,
fractures, or instability in the base.

The redesign of the fins, now
incorporating  lateral aerodynamic = slots,
minimized air friction, resulting in a direct
improvement in the system’s energy efficiency
by preventing excessive current consumption by
the motor. Likewise, the optimized shape of the
marker compartments ensures firm retention,
preventing accidental ejection during high-speed
rotation—an essential condition for safety in
classroom and university laboratory
environments.

Tests conducted both with and without
markers confirmed that the component geometry
provides adequate airflow, reducing axial
resistance and maintaining angular velocity
within desired parameters. In this regard,
exploring even lighter materials for the fins in
future iterations is considered viable, in order to
reduce the weight of the rotating assembly and
further improve dynamic response.
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During tests with used markers, the
system demonstrated robust and reliable
behavior: all four markers remained firmly in
place within the internal slots, and efficient
redistribution of ink from the sponge toward the
base of the marker was observed due to
centrifugal action.

This validates not only the functionality
of the design but also its potential as a didactic
instrument for laboratory practices related to
instrumentation, electronics, computer-aided
design, and dynamic systems control, allowing
reprogramming through the ESP32 board to
implement different speed control strategies.

Figure 12 shows the complete centrifuge
system with all components assembled and
connected to an external 12 V power supply. The
system has been optimized to provide a second
useful life to markers that had apparently lost
their functionality, allowing partial recovery of
the remaining ink adhered to the internal walls
of the marker through centrifugal action. The
ability to recycle up to four markers in a single
operation cycle represents a  concrete
contribution to sustainability objectives within
educational environments. This reinforces
learning in areas such as instrumentation,
dynamic systems, electronics, and automation,
all within the academic context of engineering
programs, promoting the use of affordable
technologies with both environmental and
pedagogical impact.

Box 12

e £

Figure 12

Isometric view of the 3D-printed centrifuge
prototype with the motor, wiring, and rotor
mounted on the shaft with the first test
markers.
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Figure 13 shows the successful operation
of the centrifuge during dynamic tests, in which
a gradual increase in speed was applied and
controlled by a general-purpose control board
developed in the Instrumentation Laboratory.

The system demonstrated a stable
response even under conditions of high angular
acceleration, without exhibiting imbalance or
abnormal vibrations. To enhance structural
integrity, the upper components were precisely
assembled, and in some critical areas, external
joints were reinforced through partial material
fusion. This technique increased mechanical
strength, ensuring a more robust connection
between components, particularly in regions
subjected to higher stresses during rotation

Figure 13

3D-printed model of the -centrifuge in
operation.

Figure 14 shows the results obtained
from markers provided for centrifugation; in this
particular case, the markers were supplied by the
Measurement and Instrumentation Laboratory.
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Figure 14
Markers before and after centrifugation —
Measurement and Instrumentation Laboratory
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Figure 15 shows the results obtained
from markers provided for centrifugation; in this
case, the markers were supplied by the Robotics
Laboratory.

BCFOV &
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Robotics laboratory,

Figure 15
Markers before and after centrifugation —
Robotics Laboratory.

Figure 16 shows the results obtained
from markers provided for centrifugation; in this
case, the markers were supplied by the Computer
Laboratory.

Before

After Computing loboratory
Computing laboratory

Computing laboratory

|
Figure 16
Markers before and after centrifugation —
Computer Laboratory

Conclusions

The redesign of the marker centrifuge has
proven to be a viable and functional proposal
aimed at extending the useful life of writing
materials commonly used in academic
environments. The incorporation of fins with
lateral slots significantly improved the system’s
aerodynamics, reducing air friction during
rotation and optimizing the motor’s energy
consumption.
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Likewise, the integration of a modular
and assemblable structure facilitated prototype
fabrication and future maintenance, allowing
component replacement or adjustment in a
straightforward manner.

Preliminary and final tests confirmed the
efficiency of the system both with and without
markers.

Effective extraction of residual ink
contained in the internal sponge of the markers
was achieved thanks to the centrifugal effect
generated by high angular speed. The internal
design of the compartments ensured proper
retention of the markers during operation,
preventing their ejection. Additionally, the
redesign of the base and motor housing enabled
effective ventilation, preventing overheating
during continuous use.

This aspect is especially relevant if the
system is implemented in university classrooms
for frequent use by students and academic staff.
Overall, the project demonstrates its potential as
an educational, sustainable, and reusable tool,
strengthening engineering teaching and learning
through functional laboratory practices.
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Abstract

Mobile applications have had a strong impact on learning within
education. In this context, the mobile application “Learning Mexican
Sign Language” was created with the goal of promoting the learning of
Mexican Sign Language and helping to reduce the communication
barriers faced by the deaf community. The app provides an accessible
and engaging experience through playful and interactive resources. For
its development, the prototyping methodology was used, which is based
on building functional versions of the software when the requirements
are unclear or not fully defined [Pressman, 2010]. The main results
include several modules such as courses, a dictionary, interactive games,
a voice translator, and a communication forum. The application aims to
break communication barriers and promote inclusive education through
the learning of Mexican Sign Language.

Mobile application: learning mexican sign language

Resumen

Las aplicaciones moviles han impactado en el aprendizaje en la
educacion. En este contexto surge la Aplicacion movil: Aprendiendo
Lengua de Sefias Mexicana, cuyo objetivo es promover el aprendizaje de
Lengua de Seflas Mexicanas contribuyendo a reducir las barreras de
comunicacion que enfrenta la comunidad sorda. La aplicacion ofrece una
experiencia accesible y atractiva mediante recursos lidicos e interactivos.
Para su desarrollo se utilizo la metodologia en prototipos, su filosofia se
basa en la construccion de versiones funcionales del software cuando los
requisitos no son claros o no estan completamente definidos [Pressman,
2010]. Entre sus resultados destacan diversos modulos: cursos,
diccionario, juegos interactivos, traductor de voz y un foro de
comunicacion. La aplicacion busca romper las barreras de comunicacion
y fomentar la educacion inclusiva a través del aprendizaje de la lengua
de seflas mexicana.
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Introduction

Mobile applications have changed the way we
learn in education. According to Santiago,
Trabaldo, Kamijo, and Fernandez [2015],
mobile learning is considered a teaching and
learning methodology that makes use of small
mobile devices. This means that there are greater
opportunities to learn, as users can access new
knowledge from anywhere and at any time.

O'Malley et al. [2003] define mobile
learning or m-learning as any type of learning
where the learner is not fixed in a particular
location and takes advantage of the opportunities
offered by mobile technologies. In this sense,
there is greater autonomy in the student's
learning process, a greater capacity for decision-
making about their open and flexible learning,
where the form and pace of learning are in
accordance with their interests and needs.

Naismith [2004] defines mobile learning
from a constructivist approach, where the learner
constructs their own knowledge based on new
ideas and prior knowledge. Mobile applications
offer opportunities for independent work,
methods for searching for information relevant
to the problem at hand, and tools for managing
that knowledge.

For Brazuelo and Gallego [2011],

mobile learning is an educational modality that
facilitates the construction of knowledge, the
resolution of learning problems, and the
development of diverse skills or abilities in an
autonomous and ubiquitous manner thanks to the
mediation of portable mobile devices.
In this context, technological applications have
become powerful tools that allow efficient
access from anywhere at any time and provide
users with the opportunity to interact in a more
practical way.

The mobile application: Learning
Mexican Sign Language is an innovative
application that has been developed to promote
and encourage the learning of Mexican sign
language and reduce the communication barriers
faced by the deaf or hearing-impaired
community through an accessible learning
experience with different course levels and fun,
interactive resources for learning sign language.
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Its objective is to break down
communication barriers, promote inclusion and
respect for linguistic diversity, and facilitate
access to LSM for anyone who wishes to learn it,
whether they are hearing impaired or hearing
people. As Rodriguez [2015] mentions, mobile
learning is ‘a form of multimedia learning that
allows you to learn anywhere and anytime,
without the need to be in a specific place at a
specific time, through mobile devices’ [p. 37].

This innovative tool seeks to overcome
communication barriers and promote the
inclusion of the deaf community, playing a
crucial role in promoting inclusion and
accessibility for the deaf community. The
interactive application features a dictionary, a
translator, course levels, and educational games
such as memory, crossword puzzles, word
formation, among others. One of the main
features of the application is its functionality, as
it allows users to interact easily, simply, and in a
user-friendly manner through their mobile
device. It provides instant feedback, allowing
users to immediately improve their Mexican sign
language skills, enriching and personalising their
own learning experience.

The application is based on the Mexican
Sign Language methodology of the ‘Bridge
Strategy’ and the ‘Alvar’ method. It is supported
by interpreters from both the DIF Oaxaca and the
Yucatan State Deaf Association [ASEY], which
facilitates autonomous learning of LMS, thus
building their own knowledge.

According to the World Bank [2023],
there are more than one billion people with
disabilities worldwide, representing
approximately 15% of the global population,
with the prevalence of disability being higher in
developing countries.

In Mexico, according to data from the
Ministry of Health [2021], around 2.3 million
people have hearing disabilities, of whom more
than 50 per cent are over 60 years of age; just
over 34 per cent are between 30 and 59 years of
age and around 2 per cent are children.

In Oaxaca, according to the Oaxaca State
Congress [2023], there are 68,388 people with
hearing disabilities and 116,805 people with
some difficulty hearing even when using
electronic devices.
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Until 2003, Mexican Sign Language was
recognised as a national language, which set the
tone for promoting and preserving this language.

However, the problem lies in the fact that
many hearing people, or those without this
disability, are unfamiliar with sign language,
which makes communication with members of
the deaf community difficult. This lack of
knowledge creates barriers that limit inclusion
and communication with people with this
disability.

Discrimination is another problem, as
there are cases where people with hearing
impairments are stigmatised or treated unfairly.
The lack of time and motivation to learn sign
language is discouraging, as work and family
commitments make it difficult to find the time to
learn and practise sign language in person.

Another contributing factor is the lack of
interactive educational tools and accessible
teaching resources that would enable them to
learn and practise sign language. In other words,
the lack of use of new technologies is a missed
opportunity to reach more users and enable them
to learn and practise Mexican sign language,
especially in the generational change.

Methodology

Software engineering is a discipline that
provides methodological support for the
development of software and mobile
applications. Fairley [1985] defines software
engineering 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,
while Somerville [2004] defines it as an
engineering discipline that encompasses all
aspects of software production.

There are various software development
methodologies, and the choice will depend 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’.
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The development of the mobile
application for learning Mexican sign language
was based on a prototyping methodology whose
main objective is direct participation with the
client in the construction of the software, helping
to understand when requirements are unclear and
helping to identify and define software
requirements [Pressman, 2010].

The prototyping methodology is based
on building software versions that are
constructed quickly so that users can test them
and provide feedback. This allows for fixing
what is wrong and including other requirements
that may arise. It is an iterative model based on
trial and error to understand the specifics of the
product [Santander, 2024].

According to Bennett [2024], it is a
software development model in which a
prototype is built, tested, and reworked until an
acceptable prototype is achieved. It also creates
the basis for producing the final system or
software. It works best in scenarios where the
project requirements are not known in detail. It
is an iterative, trial-and-error method carried out
between the client and the developer. Salazar,
Aguirre, and Osorio [2011] mention that the
objective of the prototype methodology is to
understand user requirements and work to
improve their quality.

Development

In the development of the mobile application,
three prototypes were created through its
different phases. Following the phases of
Pressman [2010], they are described below:

Phase 1, Communication. In this phase,
an interview was conducted with Maestra
Violeta Monserrat Alcantara Ramirez, Attorney
for the Defence of Persons with Disabilities of
the DIF [National System for Integral Family
Development] Oaxaca, to better understand the
needs related to Mexican Sign Language [LSM].
The general and specific objectives of each
prototype were defined, and the scope and
limitations were established.

Likewise, an interview was conducted
with interpreter Angélica Paulina Huerta Gomez,
who explained the contextualisation of deaf
culture in the DIF.
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An interview was also conducted in a
virtual session via Meet with the sign language
interpreter of the Yucatan State Deaf
Association [ASEY], Dr Alvar Adrian May Can,
on the problems faced by people with hearing
disabilities in Yucatan and the challenges they
have faced.

In phase 2, Rapid Plan, the schedule of
activities and the meeting plan were drawn up,
and the functional and non-functional
requirements of the user modules, courses,
dictionary, games, sign detector, translator, and
forum were identified, applying the user story
technique, which [Cohn, 2016] ‘arepresentation
of a requirement written in one or two sentences
using the user's common language.’

Rapid design in this phase focuses on
representing those aspects of the software that
will be visible to end users. Different types of
UML diagrams  [sequence, classes] were
designed, the entity-relationship diagram and the
relational model were designed, the database
was created using MySQL, and the graphical
user interfaces were designed.

Prototype construction. In this phase, the

different modules were coded using the
JavaScript programming language and React
Native, which is an open-source framework.
It is important to mention that the development
of the mobile application modules is based on
the Mexican Sign Language methodology of the
‘Bridge Strategy’ is a teaching strategy that
serves as a link or connection between the deaf
community and the school or general learning
system, facilitating the transition and linguistic
and social development of deaf students. The
‘Alvar’ method is an educational proposal
designed for teaching Mexican Sign Language
grammar. It is specially designed for students,
teachers, and anyone who is hearing or deaf to
learn LSM. The development of the application
is supported by the advice of interpreters from
DIF Oaxaca and the Yucatan State Deaf
Association [ASEY].

Phase 5. Deployment, delivery and feedback

The application is evaluated by members of DIF
Oaxaca and ASEY to validate that the design of
the graphical user interfaces is simple, attractive
and easy to use.
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They also validate that the elements of
LSM are displayed in the interfaces, including
aspects such as: Querology, which is a discipline
that studies the fundamental parameters of signs,
defines how these manual representations are
formed and used. Its main parameters include:
hand configuration, which describes the shape
and position of the hand when making a sign,
including the use of individual fingers or
combinations of fingers.

The movement, which details the actions
of the hand, such as the direction, speed, and
duration of the movement [May & Cabanzo,
2025], and Dactylology, which is the spelling of
words through signs that directly represent a
word. Through it, any word that one wishes to
communicate can be conveyed to a deaf person;
spelling 1s an important part of the
communication system for deaf people [May &
Cabanzo, 2025].

User-centred testing was applied to
determine the validation and functionality of the
application in each prototype. It was
contextualised at the Melchor Ocampo Primary
School, where third, fourth, fifth and sixth grade
students used the mobile application to learn
Mexican sign language in order to test its
functionality and enrich the application with
their contributions and feedback.

In the development of the project, this
process is repeated, i.e., the functional prototype
is built and evaluated by the client until the
requirements are met and they are satisfied with
the developed software.

Results

As a result of the development of the mobile
application for learning LSM, the different
functionalities are shown:

To start using the application, the user
must log in with a username and password. If the
user is new, they must create a new account [see
Figure 1].
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¢Olvidaste tu contrasefia?

¢No te has registrado? Registrate

Figure 1

Registering your account in the mobile application

Once the user has registered and entered
the application, a welcome screen is displayed
with the options menu at the bottom of the device
screen, ready for the user to navigate through
each of the options in a user-friendly manner, as
shown in Figure 2.

Box 2

Shbeey
KBienvenido!

Siente la emocion de
comunicarte con las manos.
En nuestra aplicacion, te
acompafiamos en tu viaje para
aprender la Lengua de Sefas
Mexicana (LSM).

iUn idioma lleno de vida y
expresion!

Descubre cursos, juegos y
reconocimiento de sefias con la
ayuda de inteligencia artificial.

jAtrévete a aprender de una manera unica!

Figure 2

Welcome screen and application options

The course module contains the different
course levels, such as general, basic,

intermediate, and advanced, as shown in Figure
3.
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Box 3

Cursos

General

Nivel Intermedio
Nivel Avanzado

AlapET e EINNS

Mobile application course module.

Figure 3

With the advice of sign language
interpreters, they mention that learning Mexican
sign language must begin with the General
course, which covers the finger alphabet and
numbers. This interface displays the following
elements: The name of the letter, instructions for
making the sign, and the image of the sign with
a white background, and buttons to continue or
go back. This structure must be followed only
for the content of the General course.

It is important to note that all the images
of the signs used in the application were created
by the team members and validated by Mexican
sign language interpreters [see Figure 4].

| 311).¢

Letra: Bb

Estira los dedos indices, medio,
angular y meiique, recuerda siempre
mantenerlos unidos.

Dobla el pulgar hacia la palma, mirando
hacia enfrente.

Crieior S s |

L=
Figure 4

Sign for the letter C in the General course alphabet
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In the case of the courses, which contain
the levels: basic, intermediate and advanced,
there are learning sessions and assessments
based on category or semantic fields, which
means that they are a group of words or, in this
case, signs that are related by their meaning, for
example ‘chair’, ‘table’, ‘sofa’ and “shelf”
belong to the semantic field or category of
‘furniture’. Based on the advice of interpreters,
the interface designs must comply with the
elements of Mexican sign language, such as
querology and dactylology.

This example shows: The sign, followed
by an image that represents it, then the Spanish
word, and finally the word spelled in sign
language, see Figure 5.

Box 5
< lprendiendo con seias!

Figure 5
Basic course interface for the verb category

Figure 6 shows the sign language
dictionary module, which allows users to search
by word or category. Users must type the word
they want to search for in the search box and then
select the magnifying glass button.

The sign, the Spanish word, and the
spelling in Mexican Sign Language will appear
at the bottom.
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Box 6

Diccionario

Figure 6

Sign Language Dictionary Module.

Various interactive  games  were
implemented, such as memory, crossword
puzzles, word formation, sign writing, word
ordering, matching pairs, and word searches, to
practise and reinforce Mexican sign language.
Each game has its own assessment to track
progress levels. Figure 7 shows the game menu
available in the application.

Box 7

Juegos

Escribe la sefia
=

V Crucigrama

Ordenar palabra

Encontrar pares

@ .

A B 8§ ® m ™ 2

Figure 7
Interactive games menu on the mobile application

When selecting the type of game, it
displays the content of each game according to
the categories or semantic field it contains.
Figure 8 shows the interface for the "word
search" game, where the user has to find the
words in the "animals" category shown in
Mexican sign language, for example "rabbit",
and select the corresponding boxes.
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Once all the boxes have been marked
[they turn yellow], the user must press the verify
button to validate that the words were found
correctly. The application displays a success
message or, alternatively, the user has the option
to repeat the game, which ends when all the
words in Mexican sign language are found
correctly.

Box 8

Categoria: Animales

Instruccién:
Haz clic en las letras para seleccionarlas
Las letras seleccionadas se marcan en amarillo

YI|eEfY|N|M|c]|c

m(o[=n|nn|m
r—un‘x clm m‘
mlo[le|[4|>»| o
Zxz|o|o|»|O
X[|Z|N|[o|A|r
oslofc|m|z|o

Palabras

ot -]
==
I N

Figure 8
Word search game in the "animals" category

The voice translator module allows the
user to select the microphone button to say a
word or sentence. As a result, the bottom of the
screen displays the translation in Mexican sign
language, see Figure 9.

Aprendiendo con seiias!
Ir e voz

‘aductor d

el 1 icc
sté

Transcripcién: Hola como estas

F ERAWD BT

Hola como estas

Figure 9
Interactive games menu on the mobile application

Figure 10 shows the forum, which allows
users to create new posts by adding a title,
content, and selecting a category.
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Lprendiendo con seiias!

—oro

Abecedario

Aprender la lengua de sefias es muy
emocionante.

Fecha: 2025-07-1

Lengua de sefias mexicanas

Conocer la lengua de sefias mexicanas nos
permite ser inclusivos

Figure 10

Communication forum

Conclusions

The development of this application for learning
Mexican Sign Language represents a significant
step towards inclusion and accessibility in
education. Through a combination of interactive
games and structured courses, the application
offers an innovative tool for learning LSM, both
for deaf and hearing people.

The application has not only succeeded
in offering an interactive and accessible
educational resource for learning Mexican Sign
Language, but has also become a driver of
cultural revitalisation, as its impact transcends
the technological and educational spheres by
strengthening the value of sign language within
the deaf community.

The design, development, and effective
implementation of personalised learning
strategies require vast resources and substantial
investments, but those investments will surely be
worth it, because personalised learning has the
potential to radically transform pedagogical
models and make education more relevant,
engaging, authentic, and effective for all
students [Shuler, Winters, & West, 2013].

Rafael-Pérez, Eva, Flores-Mendoza, Itzel Areli, Diaz-Sarmiento,
Bibiana and Martinez-Nieto, Adelina. [2025]. Mobile application:
learning Mexican sign language. Journal of Computational Systems and
ICTs. 11[26]1-9: €71126109.
https://doi.org/10.35429/JCS1.2025.11.26.7.1.9


https://doi.org/10.35429/JCSI.2025.11.26.7.1.9

Journal of Computational Systems and ICT

8
11[26]1-9: 71126109

Article

In terms of future work, there are plans to
expand the sign detection module, add a video
module, and develop a virtual robotic arm with
machine learning for teaching sign language to
children with motor disabilities. Finally, a
standard sign language module will be added to
include other signs for different countries.
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