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Abstract 

 

Gender studies allow understanding the realities of women from their experiences in different areas, such 

as robotics and STEM careers. For this reason, through a descriptive research with a qualitative approach 

and the application of in-depth interviews with female university students, perceptions and opinions 

related to the conditions that affect vocational choice were collected in five categories; family and 

cultural influence, academic trajectories, presence or absence of school discrimination; influence of the 

robotics workshop and the participation of women in science and technology. Among the results it was 

observed that, although the number of women in robotics engineering programs remains low both in 

Mexico and worldwide, women's experiences in these professions highlight the crucial role of family 

support, socio-cultural influences and institutional contexts in the development of their career paths and 

preferences. 

 

 
 

Robotics, STEM vocations, Gender, Women 

 

Resumen 

 

Los estudios de género permiten comprender las realidades de las mujeres a partir de sus experiencias en 

diferentes áreas, como la robótica y las carreras STEM. Por esta razón, mediante una investigación 

descriptiva con enfoque cualitativo y la aplicación de entrevistas a profundidad a estudiantes 

universitarias, se recolectaron percepciones y opiniones relacionadas con las condiciones que afectan la 

elección vocacional en cinco categorías; influencia familiar y cultural, trayectorias académicas, presencia 

o ausencia de discriminación escolar; influencia del taller de robótica y la participación de las mujeres 

en ciencia y tecnología. Entre los resultados se observó que, aunque la cantidad de mujeres en los 

programas de ingeniería en robótica sigue siendo baja tanto en México como en el mundo, las 

experiencias de las mujeres en estas profesiones resaltan el papel crucial del apoyo familiar, las 

influencias socioculturales y los contextos institucionales en el desarrollo de sus trayectorias y 

preferencias profesionales. 
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Introduction  

 

Robotics, a discipline of growing social, scientific and technological relevance, has established itself as 

an engine of transformation in various areas of life. Its impact extends to key sectors at national and 

international level, driving productivity, health, sustainable development, innovation, knowledge and 

environmental protection. 

 

In this global context, in 2015, 193 countries committed to the Sustainable Development Goals 

(SDGs), a comprehensive plan of action to ensure a better future for humanity (ONU, 2015). These goals 

address fundamental global challenges that threaten human and planetary well-being. In particular, 

robotic systems emerge as key tools to achieve these goals by directly contributing to 13 of the 17 SDGs 

(Figure 1). Their application can accelerate progress in eradicating poverty and inequality, mitigating 

climate change, boosting prosperity and productivity, promoting gender equality, and strengthening 

peace and justice. 

 

(Haidegger et al., 2023) highlight the potential of robotics to significantly impact the achievement 

of the Sustainable Development Goals (SDGs), stating that ñRobotics has the potential to facilitate 46% 

of the goals, in particular for the SDGs related to industry and the environment, which forecasts a huge 

impact on our production systems and thus on our entire societyò (p. 423).ò 

 

Robotics mainly impacts the following areas: 1. Industrial in strategic sectors such as automotive, 

agriculture, semiconductors, pharmaceuticals and mining, 2. Environmental care in surveillance and 

atmospheric monitoring, 3. Hospital services, transportation and cleaning, 4. Space and nuclear research 

and, finally, 5. Social in areas of health, economy, labor and education. 

 

Box 1 
 

 

 

 

Figure 1 

Sustainable Development Goals. 

Source [ONU, 2015] 

 

In the educational field, robotics has had a significant impact on the Mexican academic sector. 

This is evidenced by the growing offer of engineering programs in robotics, industrial robotics, robotics 

and digital systems, and mechatronics by various higher education institutions in the country. 

 

The 2021 statistical yearbook of the National Association of Universities and Institutions of 

Higher Education (ANUIES, 2025) reveals that, in the 2020-2021 school year, engineering careers in 

Mexico will attract a total of 924,000 students. Within this panorama, women represent 31% of the 

student population, with a total of 291,000 enrolled. 

 

Figure 2 illustrates the distribution of students in robotics-related engineering careers for the 

2023-2024 school year. The data reveal that, out of a total of 196,984 students enrolled in these careers 

in Mexico, 28,306 are women, corresponding to a female participation of 12.6%ò. 

 

 

https://www.un.org/sustainabledevelopment/es/2015/09/la-asamblea-general-adopta-la-agenda-2030-para-el-desarrollo-sostenible/
https://www.sciencedirect.com/science/article/pii/S2352550923002634
https://anuario.anuies.mx/
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Box 2 
 

 

Figure 2 

Comparison of the participation of women in engineering fields related to 

robotics in Mexico, Jalisco and UTJ 
Source [Statistical Yearbook of the National Association of Universities and Higher 

Education Institutions (ANUIES, 2025)] 

 

The Technological University of Jalisco [UTJ] presents a female representation of 11% in its 

robotics-related engineering programs in the 2023-2024 enrollment. This figure, although it may seem 

modest compared to the 50.7% of women in the total population of Jalisco (Instituto de Información 

Estadística y Geográfica [IIEG], 2024), exceeds the national average by 1.2 percentage points (Figure 

2). This performance places Jalisco in a moderately advantageous position in the promotion of female 

technological vocations. 

The data presented in Figure 2 allow us to infer gender patterns in the choice of studies and 

careers. As (Pérez, 1993) points out, historically there have been areas of study considered 

ñstereotypically feminine and masculineò. In the current context, and according to data from the National 

Institute of Women [INMujeres, 2024], robotics engineering, belonging to the scientific and 

technological field, shows a male overrepresentation compared to professions such as ñhealth sciences 

(69.8%) and education (76.7%)ò (p. 3), where the female presence is in the majority. This trend may be 

influenced by ingrained beliefs, such as the one cited by (Guevara and Flores 2018, p. 3), who note that 

ñit is believed that males are better endowed for scientific disciplines,ò although it is important to 

recognize that these beliefs do not reflect the inherent capabilities of each gender. 

 

Although vocational choices are complex and influenced by multiple social factors, career 

decisions in engineering seem to be associated with different motivations according to gender. According 

to (Alemany,1992), whose research needs to be updated, men tend to show an earlier and more direct 

vocational interest, while women ñreport a later and more rational choice, after seeking information and 

advice or to the exclusion of other alternativesò. It is important to note that this perspective may not 

reflect the diversity of current experiences and motivations, so additional research is needed to better 

understand women's career choices in engineering in the contemporary context. 

 

The participation of women in Science and Technology (S&T), especially in robotics engineering, 

is favored by school curricula that encourage the appreciation of S&T from elementary and high school. 

Activities such as science fairs, robotics competitions and STEM (Science, Technology, Engineering and 

Mathematics) Challenges, combined with the promotion of curiosity, interest and taste for science, can 

generate a personal inclination towards these areas. 

 

In contrast, the lack of positive experiences in childhood or adolescence, characterized by the 

difficulty, failure, boredom or stress associated with S&T, may deter female students from choosing 

scientific careers. Likewise, gender stereotypes, which attribute supposed innate deficiencies to women 

in these areas, may limit their vocational options, impacting their choice of scientific and technological 

studies at an early age. 

 

 

 

 

https://iieg.gob.mx/ns/wp-content/uploads/2024/01/FichaIniciodeaño2024.pdf
https://iieg.gob.mx/ns/wp-content/uploads/2024/01/FichaIniciodeaño2024.pdf
https://redined.educacion.gob.es/xmlui/bitstream/handle/11162/84681/008199400014.pdf?sequence=2
http://estadistica-sig.inmujeres.gob.mx/formas/tarjetas/Educacion.pdf
https://biblat.unam.mx/hevila/Actualidadesinvestigativaseneducacion/2018/vol18/no2/7.pdf
https://www.researchgate.net/publication/305876155_Alemany_Carmen_1992_Yo_no_he_jugado_nunca_con_Electro-L
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(Guevara and Flores, 2018)  emphasize that the difficulties faced by girls and women in the areas 

of science and technology do not originate in their individual abilities, but in external factors such as 

ñdifferential socialization by gender inherent in science itself, in the way it is taught, and in family and 

social expectations that limit the opportunities for girls and women to develop in the field of scienceò (p. 

3) and technology. 

 

The figures reveal a low representation of women in both the technology sector and in science. 

Globally, only ñ3% of women perform specific tasks in the technology sectorò (Chilán et al., 2021, p. 

68). In the scientific field, female participation amounts to 30% globally, placing Mexico in 24th place 

with 33% of female researchers (United Nations Educational, Scientific and Cultural Organization 

[UNESCO, 2021]. In an effort to make visible and honor the contributions of female scientists in Mexico 

and around the world, the Mexican Academy of Sciences published a commemorative periodic table in 

the framework of the International Day of Women and Girls in Science 2025 (Figure 3).ò 

 

While female representation in S&T fields still remains below one-third of the total population, 

it is critical to recognize and value the contributions of women who have gone before us. As (Tietjen, 

2017) notes, these pioneering women have made ñfascinating contributions [...] in the areas of science 

and engineering in the history of the world.ò In order to empower women and boost gender equity in 

technological and scientific vocations, it is imperative that universities and scientific institutions 

implement concrete measures that allow, first, to thoroughly analyze the current situation and, second, 

to actively encourage female participation. 

 

Box 3 
 

 
 

Figure 3 

Periodic table to recognize the contributions of female scientists in Mexico and around the 

world 

Source [Mexican Academy of Sciences (AMC, 2025)]  

 

In this context, it is essential to investigate the factors that influence women's choice of 

technological careers. What motivates women to choose careers in the technological field? What factors 

-attitudinal, familial, sociocultural and academic- influence their decision to study engineering? What 

barriers, both internal and external, may limit their access to and participation in technological and 

scientific education, or discourage their interest in science? 

 

The main objective of this research project is to explore the influences, motivations and 

experiences - attitudinal, familial, sociocultural, academic and gender - that have marked the life 

trajectory of female university students who chose a technological career focused on robotics and who 

actively participate in mobile robotics workshops and competitions. We seek to understand how these 

factors have contributed to the formation of their scientific and technological vocations. 

 

https://biblat.unam.mx/hevila/Actualidadesinvestigativaseneducacion/2018/vol18/no2/7.pdf
https://revistas.unesum.edu.ec/index.php/unesumciencias/article/view/441/363
https://revistas.unesum.edu.ec/index.php/unesumciencias/article/view/441/363
https://www.unesco.org/reports/science/2021/es/dataviz/women-share
https://www.researchgate.net/publication/321515120_Engineering_Women_Re-visioning_Women's_Scientific_Achievements_and_Impacts
https://www.researchgate.net/publication/321515120_Engineering_Women_Re-visioning_Women's_Scientific_Achievements_and_Impacts
https://mujeresenlaciencia.amc.mx/tabla/?fbclid=IwY2xjawIgt6hleHRuA2FlbQIxMAABHQFjj0_qc-aCFTCIWb9Ijk5pI3tm1u4l18OBsXxPFMhQiBuoY679wDdgPQ_aem_Dplr2YXux8dRkaMrpsvYSA
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Methodology 

 

In order to answer the questions of this study, a descriptive research with a qualitative approach was 

chosen. Descriptive because its priority is ñto get to know the situations, customs and prevailing attitudes 

through the accurate description of activities, objects, processes and peopleò (Alban et al., 2020, p. 171).  

 

With a qualitative approach because it understands reality as a social construction, since 

ñqualitative methods privilege the interpretative study of the subjectivity of individuals and the products 

resulting from their interaction. The central sociological aspect of this perspective refers to the meaning 

that reality has for individuals and the way in which these meanings are linked to their behaviorsò (Castro, 

1996, p. 64). That is, ñit focuses on how situations or events occur, so it is concerned with attitudes, 

beliefs, or the ways in which people make sense of and interpret the experiences they go through and the 

world around themò (Koh and Owen, 2000 as cited in Valle, et al., 2022).  

 

Our purpose is to describe the experiences of female university students in the Robotics career 

and to relate their life stories around the perceptual constructions of gender, the processes of career 

choice, their motivations and scientific and technological vocations, as well as the impact that 

participation in the robotics workshop has had on their personal and professional trajectories. 

 

1. Participants or profile of the students interviewed. 
 

Six female students enrolled in the Mechatronics, Robotics and Automation programs, who are part of 

the institutional robotics workshop and have participated in competitions such as the RoboRAVE Mexico 

World Championship, RoboMatrix, WER Robotics, among others, sponsored by universities, were 

selected during the period 2022-2025. The age distribution of the participants is concentrated between 

19 years old (17%) and 22 years old (83%). 

 

Six female students enrolled in the Mechatronics, Robotics and Automation programs, who are 

part of the institutional robotics workshop and have participated in competitions such as the RoboRAVE 

Mexico World Championship, RoboMatrix, WER Robotics, among others, sponsored by universities, 

were selected during the period 2022-2025. The age distribution of the participants is concentrated 

between 19 years old (17%) and 22 years old (83%). 

 

2. Instrument. 

 

We chose to conduct in-depth qualitative interviews for data collection, since we consider that this 

research technique allows us to get closer to the perspective of the individuals involved in the object of 

study. As (Ruiz Blázquez, 2015, p. 52) points out, it is ña way of understanding reality always 

presupposes a way of approaching itò. This helps us to understand the ways of interacting in the world 

and to represent them according to the particular conditions of the participants, maintaining fidelity to 

the essence of their expressions for their cultural translation and always respecting their way of speaking 

and the idioms used by the informants. 

 

We chose to conduct in-depth qualitative interviews for data collection, since we consider that 

this research technique allows us to get closer to the perspective of the individuals involved in the object 

of study. As (Ruiz Blázquez, 2015, p. 52) points out, it is ña way of understanding reality always 

presupposes a way of approaching itò. This helps us to understand the ways of interacting in the world 

and to represent them according to the particular conditions of the participants, maintaining fidelity to 

the essence of their expressions for their cultural translation and always respecting their way of speaking 

and the idioms used by the informants. 

 

The choice of the qualitative in-depth interview is based on the perspective of (Taylor and 

Bogdan, 1987), who ñaffirm that these face-to-face encounters between the researcher and those who 

participate as informants allow us to understand the perspectives that people have regarding their lives, 

experiences or situations, as they express them in their own wordsò. In this way, the interview becomes 

a valuable tool for analyzing the profound interaction between the sociocultural and personal dimensions 

that influence the academic trajectory of women in robotics, science and technology. 

 

 

https://www.recimundo.com/index.php/es/article/view/860/1363
https://sotraem.izt.uam.mx/wp-content/uploads/2023/12/8_Castro_Subjetividad.pdf
https://sotraem.izt.uam.mx/wp-content/uploads/2023/12/8_Castro_Subjetividad.pdf
https://files.pucp.education/facultad/educacion/wp-content/uploads/2022/04/28145648/GUIA-INVESTIGACION-DESCRIPTIVA-20221.pdf
https://scispace.com/pdf/las-entrevistas-en-profundidad-y-la-biografia-47vmkeyiw6.pdf
https://scispace.com/pdf/las-entrevistas-en-profundidad-y-la-biografia-47vmkeyiw6.pdf
https://pics.unison.mx/maestria/wp-content/uploads/2020/05/Introduccion-a-Los-Metodos-Cualitativos-de-Investigacion-Taylor-S-J-Bogdan-R.pdf
https://pics.unison.mx/maestria/wp-content/uploads/2020/05/Introduccion-a-Los-Metodos-Cualitativos-de-Investigacion-Taylor-S-J-Bogdan-R.pdf
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A qualitative in-depth interview guide, based on the proposal of (Belló et al., 2015, p. 24) and 

adapted to the needs of the research, was designed for the collection of information. This guide explored 

the following dimensions: family and cultural influence on formative decisions; academic trajectory prior 

to engineering studies; presence or absence of discrimination by professors and peers; influence of the 

robotics workshop in the construction of personal and professional trajectories; and perceptions about 

women's participation in science and technology. 

 

3. Procedure 

 

Data collection was carried out during the first quarter of the 2025 academic year. For this reason, the 

interviews were conducted at the university facilities with the voluntary participation of the students, 

who signed an informed consent form. The objectives of the study were explained in detail, ensuring the 

confidentiality of their information. They were informed of their right to share only the information they 

considered relevant. In addition, their permission was obtained to record the audio of the interview and 

to use extracts of their stories and accounts in scientific publications, authorizing the use of their first 

name. 

 

Results 

 

The findings of this research are structured around five dimensions analyzed: family and cultural 

influence on educational decisions; academic background prior to engineering studies; presence or 

absence of discrimination by teachers and peers; influence of the robotics workshop on the construction 

of personal and professional trajectories; and perceptions of women's participation in science and 

technology. These aspects were understood in greater depth through the narratives shared by the female 

university students. 

 

Family and cultural influence on formative decisions 

 

According to (Bourdieu,1997), ñthe family is conceived as a cultural capital, where the individual 

acquires a set of qualifications produced by the family environmentò. This means that sons and daughters 

acquire from the family, even before starting school, many of the qualities, capacities and skills they will 

need in their educational environment. Family connections have a considerable impact on the career 

decisions of adolescent girls, something that will be examined in the analysis of this research. 

 

The data obtained come from the life histories of the students in their respective contexts of origin. 

It is important to note that these environments often consist of families in which gender roles are clearly 

defined. Moreover, in these households, both social and labor equity can be observed in their intrafamily 

structures. 

 

ñThe influence on my mom's side, has not been much, well yes, she is working as such at 

Continental, as an engineer, but I have not physically seen what she does, what I saw was when my dad 

took me to her work, he showed me the conveyor belts and they caught my attention.ò 

 

ñMy sister is older than me. She studies industrial engineering. She was helping me do all the 

paperwork.  She told me, <<well I say this career (Mechatronics) is better than others>>.ò 

Monserrat 

 

There are, however, notable examples where mothers still do not believe in the possibility of 

breaking archaic and ingrained female stereotypes of past generations, where the participation of women 

could not build or develop cognitive and labor areas in subjects such as automation and robotics. The 

students themselves, determined to develop their scientific vocation, have had to face and overcome 

comments and situations that devalue or disapprove their decision to study engineering. They are aware 

that these careers do not yet have a female representation that reaches at least a quarter of the student 

body, which leads them to reflect on the challenges they might encounter in the industrial field. 

 

Having experienced disapproval from their immediate family, far from stopping them, has 

encouraged them to redefine their self-concept, to study and work with determination to achieve their 

dreams, to contribute with intelligence and elegance to new possibilities in the industrial field, to 

scientific growth and to their personal fulfillment. 

https://d1wqtxts1xzle7.cloudfront.net/45494475/Seleccio_n_carreras_final-libre.pdf?1462846460=&response-content-disposition=inline%3B+filename%3DSeleccion_carreras_con_perspectiva_de_ge.pdf&Expires=1765579062&Signature=IPAOORJHU2sVcKI~JO~HTyZOO05OupS3xM82A1OPGY8hhByRW4p-Q~dcZsDs7k7p35tdbVdm8NXK4t8zV5N9hWYyV-uP-h8kiGwcDbQayh4bWX4d6wmtwg0poVOA5kzhCkH3OO2m1nQnk4-SeYikIVQ-BVcE1MYS4fKhmoRigr0C~oRHeH9EkYrY8y1fIXOUQ~Dr70r5jpV9vL~XBHeDY6yUZImKyV-bg6-01IDabrQVcatyPI4QQ6PMYzTdO6ZueHBFyMgann~dJ9L0R6HwPjN3UrCsmI-RvUPZRE3XVa4j1O8a-jx7uAoSNOeFhOYH3bYihe25GSXkGUPq0BO5og__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://estudiossociologicos.colmex.mx/index.php/es/article/view/658
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ñFirst it was my mom, yes; she told me, <<you study robotics and I laugh at you>>. I was like, 

<<That's too bad>>. Well yes, in a while I eliminated that idea of one-day studying robotics.ò 

Jessica Lizbeth 

 

As (Eccles, 1994) rightly points out, ñThe family environment plays a crucial role in shaping the 

identity and career aspirations of young women. Studies have shown that family support, both emotional 

and financial, can significantly influence the motivation and academic success of female students in 

STEM (Science, Technology, Engineering, and Mathematics) fields.ò 

 

ñMy mom tells me a lot about her job, is that she knows a lot about automation and 

manufacturing, but she tells me she had never heard of anyone studying robotics. I said, and why not do 

it? Besides, I like mathematics and my teachers encouraged me: <<you should study engineering>>. 

From there my interest in studying robotics was born.ò 

Cecilia Betsabee 
 

Importantly, according to (Cerinġek, Hribar, Glodeģ and Dolinġek, 2013), the influence of the 

mother and good teachers have a greater impact on the choice to study STEM careers in women than in 

men. In this context, the personal history of female students throughout their academic career, including 

areas such as robotics, is influenced by a variety of factors. Among the most significant are the role 

models within their families and the dynamics generated there, which, on many occasions, play a key 

role in their vocational decisions. 

 

It can be seen how family archetypes, whether inspirational or challenging, exert a significant 

influence on the decision to study robotics. 

 

"My mom supported me from the beginning, in fact, she also mentioned that it was probably going 

to be difficult, not so much because it would make the career impossible for me, but because of the 

insinuations that women face since most in engineering are men and there are few women [...], so that 

would be the difficulty." 

Tsiara. 

 

Consequently, a combination of support and warnings from the family environment is reflected, 

together with a tendency to face technical difficulties during their academic training. Added to this are 

gender barriers, which manifest themselves as limitations, obstacles and impediments throughout their 

personal and professional development. 

 

On the other hand, the direct support of a family member stands out, which shows how, despite 

good intentions, the family environment can also sow doubts or generate fears about academic 

challenges, such as the study of mathematics, science and the social expectations associated with 

technological careers. According to (Maloney, Ramirez, Gunderson, Levine and Beiloc, 2015), ñparents 

óbeliefs and attitudes towards mathematics affect daughtersô beliefs and attitudes towards this subject, if 

parents have a negative perception, daughters will most likely have it tooò. 

 

ñMy uncle, he is also a mechatronics engineer and more or less guided me in all this robotics. 

My parents made me rather afraid, they told me <<that's a lot of math>>; then I thought about it a little 

bit, but in the end I decided to study and my parents were also the ones who told me to go aheadò. 

Jessica Jaqueline 

 

In short, women's experiences in the field of robotics are profoundly influenced by their 

interactions with their families and by the perceptions of the social and cultural environment in which 

they develop, especially regarding technology-related careers, such as engineering. According to Eccles' 

theory (1994), "women's educational and professional choices depend not only on their interests and 

abilities but also on their parents' ideas, qualities, expectations, and what is expected of them in 

performing their socially gendered roles," which can affect their perception of the challenges and 

opportunities of entering an engineering field. Parents impact the cognitive, social, and cultural 

development of women with their beliefs, actions, and motivations. 
 
 
 

https://journals.sagepub.com/doi/10.1111/j.1471-6402.1994.tb01049.x
https://www.researchgate.net/publication/241731495_Which_are_my_Future_Career_Priorities_and_What_Influenced_my_Choice_of_Studying_Science_Technology_Engineering_or_Mathematics_Some_Insights_on_Educational_Choice-Case_of_Slovenia
https://sites.temple.edu/cognitionlearning/files/2015/09/Maloney-et-al-2015.pdf
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Academic background prior to engineering studies 

 

Studies reviewing the motivations behind choosing engineering careers reveal the existence of various 

factors that influence this academic and professional decision. According to (Moran & Benson, 2019), 

ñamong the most decisive factors are the following: background and origin (Lent, Brown, and Hackett, 

1994), academic preparation and experience, parental influence (Porter, 2011), and students' 

mathematical skills and preparation (Lent, Lopez, and Bieschke, 1991; Nicholls, Wolfe, Besterfield, 

Shuman, and Larpkiattaworn, 2007). 

 

Both educational environments and significant figures in the lives of women who choose to study 

robotics have a decisive impact on the promotion and visibility of non-traditional academic paths, 

facilitating the emergence of early interests in science and technology. Educational background 

influences career choice, but it is not always the only or most decisive factor. There are students whose 

school environment provides the right conditions to guide their vocation, although there are also cases 

where such foundations are non-existent. 

 

For more than a decade, according to the study by (Vázquez-Alonso and ManasseroïMas, 2015), 

in six countries (Argentina, Brazil, Colombia, Panama, Mexico, and Spain), several elements that 

influenced the choice of STEM careers were analyzed. One of the factors was ñinfluential peopleò 

(mother or stepmother, father or stepfather, good teachers, friends, vocational counselors). 

 

ñIn middle school, someone told us about robotics and programming. And I said, I have to study 

that. In high school, we also had help from the government, who gave us talks on robotics. The guidance 

counselor told us, <<Programming is very easy and you earn good money>> (...) But I see it more as 

development. In high school, I started researching it. And I also told my teachers that I had a lot of 

confidence in them, and they said, <<Yes, you can>>ò. 

Jessica Lizbeth 
 

ñSome of my close friends told me about the mechatronics engineering degree (...), but I said, 

'I've never seen a woman study robotics.'ò 

 

ñI decided to study robotics based on my own decision and conversations with my mother (...). 

My teachers also encouraged me to study engineering, as they always encouraged me to study because 

I am very good at math.ò 

Cecilia Betsabee 
 

Understanding the academic background that motivates female students to choose a career in 

engineeringðand particularly in roboticsðis essential for identifying the factors that influence the 

development of scientific and technological vocations. 

 

It should be noted that, in the cases analyzed, the students also share that their interest in robotics 

arose recently, after having previously pursued another university degree more closely related to science, 

but which did not fully meet their expectations. These academic shifts not only reflect a search for 

professional identity, but also resilience and the ability to rebuild a life project around new opportunities 

within the field of technology. 

 

ñAfter dropping out of another university, where I was previously studying physics, a year ago I 

became convinced that I wanted to study robotics.ò 

 Tsiara. 

 

The findings indicate that, for some female students, the choice of engineering was not directly 

influenced by an academic path specifically oriented toward science or technology. 

 

ñI don't remember any important events in primary or secondary school. My high school 

education was general, with very little related to science.ò 

Jessica Jaqueline 

 

 

https://ride.org.mx/index.php/RIDE/article/view/440
https://revistas.uca.es/index.php/eureka/article/view/2920/2622
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As evidenced in the testimonies analyzed, the students attended a general high school with little 

connection to scientific content, which highlights a lack of early exposure to knowledge in the 

technological field. This reality aligns with the proposal by (Dasgupta and Stout, 2014), who state that 

ñthe educational environment, including the quality of teaching, the availability of resources, and the 

presence of role models, can influence young women's decision to pursue careers in engineering and 

technology.ò  

 

They also point out that ñeducational programs that promote inclusion and gender equity can be 

decisive in the retention and success of female students.ò This explores how previous educational 

experiences and subsequent decisions shape the academic trajectories of women who choose to study 

robotics.  

 

According to (Vázquez-Alonso and Mas, 2009), this analysis of this category reveals a significant 

disparity in students' experiences. While some are encountering robotics for the first time, others lack 

any role models or references to help them orient their professional vocation toward technology. 

Therefore, it is crucial to promote more enriching and equitable school environments and to promote 

educational policies that facilitate active and consistent participation in the study of engineering from the 

beginning of their academic careers. 

 

Presence or absence of discriminatory behavior on the part of teachers and classmates 

 

From a critical gender perspective, the study by (Calles and Orantes, 2021) highlights the importance of 

integrating a gender approach into advanced technology training programs, as demonstrated by the 

Master's Degree in Engineering for Industry with a Specialization in Robotics in El Salvador. This 

reflection is highly relevant to university contexts, where women's participation in areas such as robotics 

remains limited.  

 

Through the analysis of female students' experiences, it is recognized how the explicit 

incorporation of the Sustainable Development Goals (SDGs), in particular SDG 5 on gender equality, 

can contribute significantly to the construction of more equitable scientific vocations. The visibility of 

stereotypes, the promotion of female role models in engineering, and the adaptation of school curricula 

with gender sensitivity emerge as key strategies that can promote the retention and leadership of women 

in these highly masculinized fields. 

 

ñThere were no circumstances, nor any teachers, that discouraged me from studying robotics, at 

least on the part of the teachers. However, when it comes to my classmates, yes: <<When it comes to 

doing group exercises, I feel that they choose the other male classmates first. It seems that they select 

among themselves and leave us girls for last, which is why we always strive to do our best on our 

own>>ò. 

 Tsiara. 

 

This testimony is a clear example of how the dynamics of her group reflect certain forms of 

exclusion. It shows how, beyond the school curriculum, social relationships within the classroom 

reproduce gender biases that affect the full integration of female students. Therefore, to encourage 

scientific vocations among women, it is not enough to carry out affirmative institutional actions; it is also 

necessary to carry out a cultural transformation that questions everyday practices in educational spaces. 

However, from the perspective of another student, the opposite is true, as it is not possible to identify the 

absence of gender discrimination on the part of teachers. In addition, interactions with classmates were 

described as ñmoderately good,ò suggesting that the experience is ambiguous in terms of participation in 

the school context.  

 

This indicates that educational institutions, such as universities, have also made progress in 

implementing activities that promote equality, although during informal dynamics, such as the robotics 

workshop in which they participate, biases have been reduced to a certain extent. However, micro-

discrimination based on gender and implicit attitudes of exclusion still occur. 

 

ñDuring my time studying robotics, I haven't noticed any difference in how male and female 

students are treated by the teachers, but yes, the treatment has been fairly good from my classmates.ò 

Jessica Jaqueline 

https://journals.sagepub.com/doi/10.1177/2372732214549471
https://rieoei.org/RIE/article/view/1879
https://manzanadiscordia.univalle.edu.co/index.php/la_manzana_de_la_discordia/article/view/11780/15314
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In this case, the perception of fair treatment by teachers and students is linked to extracurricular 

efforts and activities to ensure inclusive teaching practices. However, when we compare the responses 

with those of other students, it becomes clear that cultural and social barriers persist that affect the full 

integration of women in traditionally male-dominated fields such as robotics (UNESCO, 2017).  

 

Therefore, these nuances highlight the need to work not only on institutional policies, but also on 

transforming the cultural context of universities and strengthening interpersonal relationships within the 

classroom. Recent studies on women's participation in STEM careers in Latin America agree that, 

although access to these disciplines has improved, cultural and social dynamics within the classroom 

continue to reproduce stereotypes that can affect the educational experience of female students 

(Domínguez et al., 2022). That is why it is crucial not only to promote inclusion policies but also to 

generate activities and supportive conditions that promote equity at all levels, but mainly during their 

university educational interaction. 

 

Influence of the robotics workshop on the development of personal and professional trajectories 

 

In this context, extracurricular robotics workshops represent a powerful tool that integrates various 

disciplines such as mechanics, electronics, programming, and mathematics. Their implementation during 

the university academic period has proven effective in strengthening both technical and conceptual skills 

in female university students, while promoting key competencies such as technological thinking, problem 

solving, teamwork, and stress management. 

 

Research focused on the experiences of female students reveals how participation in robotics 

workshops influences the professional interests and goals of young women studying robotics. 

 

ñIn the robotics workshop, if they have been helping me to gain knowledge, in fact, I feel that the 

members of the workshop have not made any distinction (based on gender). From the beginning, I told 

them that I had no experience or much knowledge, and even so, this did not interfere, since from the 

beginning they were very attentive. Anything I did not understand, they explained to me well, in detail 

and without prejudice. That is why I like to continue in this career.ò 

 Tsiara. 

 

ñYes. In fact, at first I didn't know how to solder. They told me, <<Hey, go solder some 

sensors>>. And I was like, ¡Ay, caray! I don't know how to do that. <<No, come on, Jessy, you can do 

it>> (...) I started soldering on my own, and there were three sensors that I couldn't get to work, but the 

rest turned out fine. So I learned.ò 

Jessica Lizbeth 

 

Robotics workshops have been shown to not only develop technical skills, but also strengthen 

soft skills that are fundamental to professional growth. According to (Sierra Rativa , 2020), robotics 

education allows students to develop skills such as group cohesion, reflective thinking, and autonomy, 

which are essential elements for their comprehensive training. Furthermore, these spaces foster creativity, 

innovation, and leadership, qualities that are highly valued in today's workplace. 

 

ñWhen I belonged to the robotics club, I was the only woman. I remember the RoboRAVE Mexico 

2023 World Championship competition. It was a very difficult stage because we arrived and they changed 

the competition rules. In a matter of momentsðone nightðwe built two different types of robots in 

addition to the original one, which took us a long time to make. So, I feel like that helped me learn to 

work under pressure. It made me stronger, helped me manage stress, and solve problems. So, 

participating in the competition was a good learning experience.ò  

Cecilia Betsabee 

 

ñMy participation in the robotics workshop has had a big impact, a really positive one. I learned 

a lot there, both about competing in RoboMatrix 2025 and about working under pressure, doing things 

super-fast, and working as a team.ò 

Jessica Jaqueline 

 

 

https://unesdoc.unesco.org/ark:/48223/pf0000253479
https://octaedromx.com/libro/mujeres-en-la-educacion-universitaria-de-ciencia-ingenieria-tecnologia-y-matematicas/
https://revistas.unam.mx/index.php/rmbd/article/view/75158
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Participation in robotics workshops can significantly increase students' confidence in their 

technical skills, as well as their ability to tackle complex challenges. (Cedeño Zambrano, 2023) makes a 

proposal based on a study by the University of La Sabana, arguing that educational robotics improves 

students' motivation and commitment, which translates into greater interest in pursuing STEM-oriented 

careers. 

 

ñThe experiences in the robotics workshop have greatly increased my confidence, because being 

in the workshop is very different from being in class. In the workshop, I feel like I see many things in 

greater depth and I can ask the teacher questions with more confidence than I normally would in class.ò 

Jessica Jaqueline 

 

In other words, these types of extracurricular workshops allow university students to apply the 

theoretical knowledge acquired in the classroom to practical contexts. This applied experience reinforces 

learning and facilitates a deeper understanding of technical concepts. 

 

ñMy confidence has increased because I have noticed that my classmates are more advanced in 

their knowledge, and the classes have helped me understand how one thing supports another. However, 

I feel that the workshop has expanded my knowledge even further.ò 

 Tsiara. 

 

ñAt first, it seemed like a simple workshop. But when I saw everything that was involved and my 

classmates building robots, it started to seem very interesting to me. This has increased my confidence 

in certain areas. I participated in the workshop starting in the second semester, so I already had a grasp 

of some concepts and techniques before moving on to the third semester, which I think benefited me. It 

was like they explained things more here. In certain technical aspects, having participated gives me 

greater confidence because I felt more comfortable understanding things. Also, when we competed and 

won, seeing the results we expected gave me great relief. So I said, 'Okay, it's not that complicated.'ò 

Monserrat 

 

(Molano and Acero, 2025) point out that ñeducational robotics allows students to work on 

interdisciplinary projects that combine different areas of engineering.ò As a result, it has established itself 

as an effective tool for promoting practical and interdisciplinary learning in the academic field, allowing 

students to apply their knowledge to solve problems they will encounter in the workplace. 

 

Robotics workshops are an effective intervention for the professional and personal development 

of female university students. The design of these workshops, focused on integrating technical skills with 

the development of interpersonal skills, has a positive impact on the confidence, motivation, and ability 

of participants to apply theoretical knowledge in practical contexts.  

 

In addition, the methodology used, which prioritizes the creation of an inclusive and diverse 

environment, proved to be effective in promoting gender equality in the field of engineering and 

technology, encouraging the participation of women, as mentioned by (Cedeño Zambrano, 2023) 

according to the study by the Universidad de la Sabana: ò educational robotics can spark genuine interest 

in STEM careers among female students, which may translate into greater representation of women in 

these fields in the future. Robotics workshops, therefore, not only improve skills, not only can you 

improve technical skills, but they also have the potential to change the career paths of female students.ò 

 

ñWhen I started going to RoboMatrix 2025 competitions, I think that's when I realized my future 

prospects, because I saw people from other countries, from other places, and I thought it was cool, like 

it was more professional, because they were giving me a lot of experience, a lot of tools that you might 

not have if you were only in the classroom and not in the workshop.ò 

Monserrat 

 

As mentioned above, the robotics workshop promotes the development of cognitive skills, 

strengthens self-awareness, and helps participants acquire a variety of skills. However, participating in 

competitions offers significant added value; interacting with students from other universities, both 

national and international, broadens the participants' future prospects. This experience allows them to 

transcend their immediate environment, visualizing a professional horizon with international projection 

and reinforcing their confidence in their own ability to achieve it. 

https://editorialinnova.com/index.php/rig/article/view/63
https://revistas.idep.edu.co/index.php/educacion-y-ciudad/article/view/3160
https://editorialinnova.com/index.php/rig/article/view/63


13 

 

 

Perceptions about women's participation in science and technology 

 

For a long time, research has been conducted on women and their career prospects in different areas of 

work. Several factors converge to determine why women succeed or fail to position themselves with 

greater or lesser difficulty in the jobs they tend to pursue. Sometimes it is male colleagues who manage 

to secure these positions more quickly, despite having less seniority or lacking the characteristics 

necessary to perform the duties of the area of recruitment with better results. 

 

In the United States, (Bailyn, 2003) showed the existence of gender inequalities in a study 

conducted at the Massachusetts Institute of Technology (MIT). Through the analysis of resumes, he 

concluded that male candidates were preferred over female candidates. Similarly, he compared salaries, 

showing the existence of a gender pay gap." Gradually, female students begin to notice, from their choice 

of career, that they are a minority in school groups and, later, in their integration into the industrial field. 

 

ñDo you think women have the same opportunities as men in areas such as science and 

technology? I have my doubts about that, eh? Because right now, when I'm doing my internship, I'm the 

only woman. And they're surprised because I'm the only one there. Wow! Well, okay. But a friend told 

me that her mother is an electronics technician, but they often said that she wasn't accepted on projects. 

They had already told her that she had a project in Veracruz, and as soon as she joined, two weeks later 

they gave her that project in Veracruz and not her. No, they are so considerate in the industry. And I also 

don't know how true it is that she told me, <<that they pay her a little less than the other guy>>ò. 

Jessica Jaqueline 

 

Some studies have shown that younger women are unable to clearly visualize the discrimination 

that can occur in the various workplaces, since they are beginning to walk in those areas. It is important 

to continue working in the interest of decreasing this gap of labor inequality that other studies have made 

known so that the new generations that are emerging continue to build a new future, a future sheltered in 

their families in seeing other women achieve it, leaving in the past more and more inequality in 

employment. 

 

"I haven't decided what I want to specialize in yet, but I think I feel most comfortable in the 

corporate world. As I said, my family works in this sector. So I think I also want to work with them, 

whether I like this field or cars more. No, I don't. I think as I learn more, I will know which part I like 

more. For example, I also studied hydraulics, pneumatics, etc., but I'm not sure. I think robotics is more 

suitable for cars, or I'm not sure, automation is also suitable, but I know more about robotics. 

 

So... Well, I think it's like continuous learning: see what subjects I choose, what they teach me 

and see what I like the most. 

- Do you think the situation is more complicated for women in the workplace? 

- No, I think it is the same. 

- Why do you think so? 

- Because I think I have seen men and women doing the same jobs". 

Monserrat 

 

It's significant that family environment plays a crucial role in shaping the identity and career 

aspirations of young women. Studies have shown that family support, both emotional and financial, can 

significantly influence the motivation and academic success of female students in STEM (Science, 

Technology, Engineering and Mathematics) fields. 

 

Conclusions 

 

The field of robotics has become a driving force in various sectors, playing an essential role in advancing 

the Sustainable Development Goals (SDGs) (ONU, 2015) and promoting innovation in industry, 

environmental conservation, health and education. However, as analyzed in this research, it still faces 

significant gender inequalities, especially in educational and professional participation. Although female 

representation in robotics-related engineering programs continues to be low, both in Mexico and globally, 

the experiences of women in these professions highlight the fundamental influence of family support, 

sociocultural perceptions and institutional contexts in shaping their careers. 

 

https://onlinelibrary.wiley.com/doi/10.1111/1468-0432.00008
https://www.un.org/sustainabledevelopment/es/2015/09/la-asamblea-general-adopta-la-agenda-2030-para-el-desarrollo-sostenible/
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The findings highlight that women's inclusion and retention in robotics and STEM fields are 

intimately linked to attitudinal, familial, and academic factors. Family expectations, social stereotypes, 

and classroom dynamics can facilitate or complicate their participation. Likewise, extracurricular 

activities, such as workshops and robotics competitions, act as empowering spaces, enhancing self-

perception, technical skills and career aspirations. Since this experience not only boosts confidence, but 

also broadens career prospects, it allows female students to imagine themselves in the global context of 

women in science. 

 

However, structural barriers persist. Gender biases in education and the workplace continue to 

affect women's experiences, often in subtle but significant ways. A multi-faceted approach is needed: 

promoting inclusive university cultures and facilitating early exposure to robotics and technology for 

young women and men. There is a continued need to integrate a gender perspective into robotics 

education and research as a critical means to achieve true equity, and to amplify women's voices in the 

field.  

 

The future of robotics, as well as its ability to foster sustainable development, depends not only 

on technological innovation, but also on ensuring that all people, regardless of gender, have equal 

opportunities to contribute and thrive. To conclude this work, it is essential to continue research and 

action to close the gender gap in robotics, underscoring the importance of collaborative efforts by all 

stakeholders in the educational community. 
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Abstract 

 

This research analyzes the impact of Information and Communication Technologies (ICT) on learning 

styles and academic performance of first-semester students in the Computer Systems Engineering 

program at the Tecnológico Nacional de México ï Instituto Tecnológico Superior Zacatecas Norte, in 

the subject Research Fundamentals. Using a quantitative, non-experimental, longitudinal design, 

instruments were applied before and after the implementation of ICT tools such as Moodle, Zotero, 

CmapTools, Microsoft Word, PowerPoint, and Google Drive. Results show that 92% of students 

improved their academic performance and 75% demonstrated progress in at least one CHAEA learning 

style (active, reflective, theoretical, or pragmatic). It is concluded that the intentional integration of ICT 

supports the development of diverse learning styles and fosters more meaningful, autonomous, and 

effective learning. 
 

 
 

Information and Communication Technologies (ICT), Learning Styles, Academic Performance 

 

Resumen 

 

Esta investigación analiza el impacto del uso de Tecnologías de la Información y la Comunicación (TIC) 

en los estilos de aprendizaje y el rendimiento académico de estudiantes de primer semestre de Ingeniería 

en Sistemas Computacionales del Tecnológico Nacional de México ï Instituto Tecnológico Superior 

Zacatecas Norte, en la asignatura Fundamentos de Investigación. Bajo un enfoque cuantitativo, diseño 

no experimental y longitudinal, se aplicaron instrumentos antes y después del uso de TIC como Moodle, 

Zotero, CmapTools, Microsoft Word, PowerPoint y Google Drive. Los resultados revelan que el 92% de 

los estudiantes mejoró su rendimiento académico y el 75% mostró avances en al menos uno de los estilos 

de aprendizaje del modelo CHAEA (activo, reflexivo, teórico y pragmático). Se concluye que el uso 

intencional de TIC favorece el desarrollo de estilos de aprendizaje diversos y promueve un aprendizaje 

más significativo, autónomo y eficaz. 
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Introduction  

 

The use of Information and Communication Technologies (ICT) in higher education has become a key 

strategy to enhance learning, broaden access to digital resources, and foster the development of cognitive, 

research, and collaborative skills. In todayôs university environmentðshaped by constant technological 

evolutionðit is essential to integrate digital tools that not only serve as support mechanisms but also act 

as active agents in improving academic performance and studentsô holistic development. 

 

This study adds value by analyzing the intentional and pedagogical use of various ICT toolsð

such as Moodle, Zotero, CmapTools, Microsoft Word, PowerPoint, and Google Driveðand their impact 

not only on academic outcomes but also on studentsô learning styles. Unlike other studies that focus 

solely on grades or perceptions of ICT use, this research takes a comprehensive approach by evaluating 

changes in learning styles before and after using the CHAEA model (active, reflective, theoretical and 

pragmatic), offering a more complete perspective on the educational process. 

 

Each tool used offers distinct features: Moodle enables the management of content and 

asynchronous activities; Zotero supports the ethical organization and use of information sources; 

CmapTools facilitates the creation of concept maps and the visual organization of knowledge; while 

Word, PowerPoint, and Google Drive contribute to collaborative writing, effective project presentations, 

and teamwork. These platforms, systematically integrated throughout the "Fundamentals of Research" 

course, allowed for the accommodation of the diverse learning styles present within the group. 

 

The core issue driving this research lies in the need to understand whether the use of ICT 

genuinely promotes meaningful learning and whether it is directly related to improvements in academic 

performance and the adaptation of learning styles. In this context, the main hypothesis suggests that the 

didactic integration of ICT has a positive impact on academic achievement and contributes to the 

strengthening of university studentsô learning styles. 

 

This work is organized in four chapters. Chapter I outlines the problem statement, objectives, 

hypotheses, and justification. Chapter II develops the theoretical framework, addressing key concepts 

such as ICT, learning styles, and meaningful learning, along with background information and theoretical 

foundations. Chapter III presents the research methodology, including the approach, design, population, 

instruments, and analytical techniques. Finally, Chapter IV contains the results, data analysis and 

interpretation, as well as the conclusions and recommendations derived from the study. 

 

Problem statement 

 

Today, the use of Information and Communication Technologies (ICT) has become commonplace in 

higher education as part of the modernization of teaching and learning processes. However, questions 

remain regarding how these tools genuinely influence the way students learn and develop academically. 

Although numerous digital platforms, such as Moodle, Zotero, CmapTools, Microsoft Word, 

PowerPoint, and Google Drive, have been integrated into university classrooms, it is still unclear whether 

their use effectively aligns with individual learning styles and contributes meaningfully to improving 

studentsô academic performance. 

 

This scenario highlights a central concern: the lack of clear and objective studies linking the 

pedagogical use of ICT with learning preferences, as classified by the CHAEA model: active, reflective, 

theoretical, and pragmatic, and their impact on key subjects such as Fundamentals of Research. The 

absence of this connection may limit the effective use of ICT, leading to uniform practices that fail to 

address the specific needs of students. 

 

Therefore, it is essential to examine how the use of various ICT tools influences the development 

of learning styles and academic performance, with the aim of guiding more effective, student-centered 

teaching strategies tailored to the current university context. 

 

The aim of this research is to analyze the impact of the use of Information and Communication 

Technologies (ICT) on the learning styles and academic performance of first-semester students in the 

Computer Systems Engineering program, within the course Fundamentals of Research. 
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Justification 

 

The use of Information and Communication Technologies (ICT) in higher education has transformed the 

way students access knowledge, engage with content, and develop academic skills. However, these tools 

are not always analyzed in terms of how effectively they address individual learning differences. This 

research gains relevance by seeking evidence on how the use of digital platforms, such as Moodle, 

Zotero, CmapTools, Microsoft Word, and Google Drive, impacts studentsô learning styles and academic 

performance. Understanding this relationship will help strengthen more inclusive and effective teaching 

practices that consider studentsô learning preferences, thereby fostering more meaningful and 

autonomous learning in technology-mediated educational environments. 

 

Theoretical Framework 

 

The study was conducted using a quantitative approach, with a non-experimental longitudinal design in 

which measurements were taken at the beginning and end of the course, without deliberate manipulation 

of variables. A diagnostic test and the CHAEA questionnaire were administered at the start of the 

semester; subsequently, systematic use of ICT was incorporated into academic activities. At the end of 

the course, data were collected again using the CHAEA questionnaire and the final course grade. This 

design made it possible to observe changes in studentsô learning styles and academic performance, as 

well as to identify a potential relationship between ICT use and the development of meaningful learning 

within the university context. 

 

According to (Lukhmann & Farris, 2023) the widespread use of Information and Communication 

Technologies (ICT) in education has given rise to various philosophical questions regarding their role, 

impact, and ethical implications. As technology becomes increasingly integrated into everyday life, it is 

essential to understand the philosophical foundations that shape our relationship with it. In the 

educational field, ICT has the potential to transform teaching and learning, yet it also presents challenges 

related to access, equity, privacy, and control. Philosophical analysis of ICT use helps uncover the values 

and assumptions underpinning different technological practices, offering a critical perspective to assess 

both their benefits and limitations. This reflection is crucial for guiding the responsible design and 

implementation of educational technology. 

 

Connectivism proposes a learning approach aligned with the profound transformations of 

contemporary society, where learning is no longer an exclusively internal or individual process. The use 

of new technologies is reshaping the way people think, work, and engage with knowledge. However, 

education has been slow to adapt to these changes. This theory offers an updated perspective on the skills 

and strategies students need to develop in order to learn effectively in digital environments (Siemens & 

others, 2004). 

 

In the reviewed article by (Camacho & Carrión, 2024) which references (Javier et al., 2023), ICT 

is described as a set of tools with significant transformative impact across various contexts, including 

education. These technologies are defined as a collection of processes and products linked to emerging 

technologies and digital media, aimed at generating, distributing, and exchanging information. (Agreda, 

2022) emphasizes that the integration of ICT into educational settings enhances learning, promotes 

student autonomy, and strengthens communication within the learning process. 

 

(Bucheli et al., 2023) note that the use of Information and Communication Technologies (ICT) 

has become widespread across various fields, including education, where it facilitates academic tasks 

and supports the development of digital and cognitive skills. This study, conducted during the first 

semester of 2023 with university students from Mexico, Guatemala, Ecuador, and Bolivia, analyses their 

perceptions of ICT use in education. Using a quantitative approach and an online questionnaire, the 

research identified significant differences in educational use of ICT, software proficiency, and levels of 

digital literacy. 
 

(Olivari & Aparicio, 2022) in their study at the Universidad Peruana Cayetano Heredia, found a 

direct and significant relationship between the use of Information and Communication Technologies 

(ICT) and learning styles among university students. With a sample of 210 students and using Spearmanôs 

Rho coefficient, the study revealed a positive correlationðparticularly in theoretical (0.499), reflective 

(0.434), and active (0.425) learning styles, with a lower correlation for the pragmatic style (0.291).  

https://doi.org/10.59652/jetm.v1i1.8
https://doi.org/10.37811/cl_rcm.v8i1.9935
https://doi.org/10.33262/concienciadigital.v5i1.3.2098
https://doi.org/10.33262/concienciadigital.v5i1.3.2098
https://doi.org/10.17013/risti.52.74–96
https://doi.org/10.20453/rhr.v5i1.4255
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The results confirm that the use of ICT can support the development of various learning styles in 

higher education. 

 

(Escalante & Doria Velarde, 2024) analyzed whether the use of the Moodle platform influences 

the academic performance of university students in Santiago de Chile, given the low averages obtained 

in Mathematics. Cohorts that did not use Moodle (2015ï2017) were compared with those that did (2018ï

2019), with the aim of testing whether this tool improves academic results and reduces the failure rate. 

 

(Erturk, 2016) emphasizes that effectively preparing future IT professionals requires the 

integration of cloud-based collaboration tools, such as Google Drive, into academic courses. At a 

university in New Zealand, this platform was implemented in a Systems Analysis and Design course to 

promote cooperative work and shared content management. The study included pre- and post-course 

surveys to identify factors influencing its use and to assess the student experience. The findings informed 

the development of teaching strategies aimed at enhancing collaboration, student satisfaction, and 

engagement, yielding both practical and theoretical contributions to technology-enhanced education. 

 

This qualitative study, conducted with undergraduate students at Tanjungpura University, 

examined the use of Zotero as a reference management tool in academic writing. The findings identified 

three key factors: ease of use (installation, understanding, and operation), perceived usefulness (time 

savings, improved writing quality, and efficient handling of citations and bibliographies), and 

motivational influence (support from instructors and peers); the study concludes that Zotero is effective 

in optimizing the academic writing process and can be successfully integrated into higher education 

settings (Rafiôi et al., 2025). 

 

(Isangula et al., 2024) given the high cost and complexity of specialized qualitative analysis 

software, this study propose a practical and accessible guide for manually coding data using Microsoft 

Word, this widely available tool enables students and early-career researchers to conduct rigorous 

qualitative analysis without relying on expensive programs; the method includes clear steps for 

structuring templates, coding interviews, and transforming data into meaningful interpretations, thereby 

supporting the development of academic research, particularly in educational contexts with limited 

resources and the authors argue that this technological tool can also be applied to the development of 

quantitative research, as demonstrated in the present study. 

 

The research proposes the use of technological tools such as CmapTools for the creation of 

concept maps, which, according to (Forte, 2006), enhance meaningful learning by enabling the 

integration of concepts, connecting new knowledge with prior understanding, and supporting problem-

solving. Additionally, the use of ICT fosters self-directed learning. The main objective of the study was 

to analyze the relationship between the use of concept maps with CmapTools and student learning at the 

National Intercultural University Fabiola Salazar Leguía de Bagua during the year 2023, as reported by 

(Benavidez et al., 2024). 

 

(Hattie & OôLeary, 2025) Despite ongoing criticism regarding the validity of the learning styles 

concept, note that it remains widely accepted among educators and students. They emphasize that the 

true value does not lie in tailoring instruction to individual styles, but rather in teaching students to adopt 

flexible and effective learning strategies based on the nature and complexity of the task. Moreover, they 

argue that learning improves when students develop self-regulation skills, error management, and the 

ability to select appropriate strategies. In this regard, the use of Information and Communication 

Technologies (ICT) can support these processes by offering a variety of tools that accommodate different 

learning approaches, strengthen critical thinking, and foster more meaningful learning experiences. 

 

(Villarreal Fernández, 2023)  argues that the Honey and Alonso Learning Styles Questionnaire 

(CHAEA) (Spanish adaptation of Honey and Mumford's LSQ, 1982), was constructed to measure 

learning style, based on the above descriptions and characterizations; This is one of the most relevant in 

relation to research carried out in Spanish; citing (Diago Egana et al., 2018) who refer to the fact that this 

instrument is one of the most widely used in Spanish-language research. (Pashler et al., 2008) specify 

that "The term "learning styles" refers to the idea that each person learns information in different ways. 

In recent decades, the concept of learning styles has gained more and more influence".  

 

https://doi.org/10.5281/zenodo.10465797
https://doi.org/10.48550/arXiv.1603.02813
https://doi.org/10.36987/jes.v12i1.6701
https://doi.org/10.1177/16094069241299223
https://doi.org/10.62486/agmu2024107
https://doi.org/10.1007/s10648-025-10002-w
https://doi.org/10.17081/psico.26.50.6231
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In the research of (Villarreal Fernández, 2023) he cites the authors (Camarero Suárez et al., 2000) 

who mention that personal preferences in the way of learning are reflected in different learning styles: 

 

1. Pragmatic Style (P): Oriented toward action and direct problem-solving. Individuals with this 

style prefer to experiment and apply ideas without excessive analysis, often working dynamically 

in teams. 

 

2. Theoretical Style (T): Characterized by a logical and structured approach to knowledge. These 

learners seek to understand abstract concepts, avoid ambiguity, and construct complex 

explanations based on theories. 

 

3. Active Style (A): Motivated by new experiences, these individuals are spontaneous and enjoy 

working with others on practical tasks. They are flexible, creative, and tend to avoid overly 

structured or prolonged activities. 

 

4. Reflective Style (R): Marked by careful observation and deep analysis. Reflective learners are 

receptive, patient, and strive to understand processes from multiple perspectives before making 

judgments or taking action. 

 

This study examines how the use of ICT in the classroom supports various learning styles by 

enriching the educational environment. Using the VARK questionnaire adapted to the local context, 

visual, auditory, kinesthetic, and read/write learning styles were identified among primary school 

students. The findings showed that technological tools stimulating multiple styles simultaneously are 

more effective and better received. Additionally, the study recommends integrating resources such as 

websites, gamification, and transmedia storytelling to create more inclusive and meaningful educational 

experiences (Alvarez-Quiroz et al., 2025), although this article does not focus on the CHAEA 

questionnaire, it highlights the role of ICT in promoting diverse learning styles. 

 

According to Jones-Roberts and Bechtold (2024), in the experiential learning theory originally 

proposed by Kolb (1984, as cited in Jones-Roberts & Bechtold, 2024), effective learning occurs through 

a cycle of four stages: concrete experience, reflective observation, abstract conceptualization, and active 

experimentation. In their study at the University of Central Florida, Jones-Roberts and Bechtold designed 

a university-level instructional unit to apply this theory in practice. Students learned the cycle by 

engaging in an origami activity (folding a paper crane), reflecting at each stage, and sharing their insights 

in an online discussion forum. At the end, students reflected on the overall experience and their 

understanding of experiential learning in action. 

 

Although smart education is emerging as one of the fastest-growing technological trends, its long-

term effects on students remain largely unknown (Mykhailov, 2022). This approach is based on three 

core dimensions: smart pedagogy, smart learning, and advanced educational technologies, each involving 

significant ethical challenges. Digital pedagogy demands new responsibilities and teaching 

competencies; the integration of artificial intelligence and big data into learning processes raises concerns 

about privacy; and adaptive systems, while enabling highly personalized experiences, may influence 

studentsô attention and cognitive abilities. From the perspective of contemporary philosophy of 

technology, digital tools are not neutralðthey actively shape human behavior and learning processes, a 

factor that is crucial when analyzing the impact of ICT on learning styles. 

 

John Dewey's educational philosophy, cited by Sikandar (2016), provides a theoretical foundation 

for analyzing the impact of technologies on education by placing the student at the center of the learning 

process. Dewey argued that teaching should be based on the student's experience, promoting active and 

contextualized learning. His pragmatist vision proposed that knowledge arises from meaningful 

interaction with the environment, which is related to the pedagogical use of ICTs to promote autonomy, 

participation and critical thinking. In addition, it recognized the importance of addressing individual 

differences and student interests, which supports the incorporation of technological strategies in 

accordance with learning styles. From this perspective, ICTs are conceived not only as instrumental tools, 

but as environments of educational experience capable of transforming the way in which students learn 

and develop. 

 

 

https://doi.org/10.17081/psico.26.50.6231
https://www.psicothema.com/pdf/380.pdf
https://doi.org/10.13001/jtilt.v3i2.8587
https://doi.org/10.18523/2617-1678.2022.9-10.68-75
https://doi.org/10.22555/joeed.v2i2.446
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General Hypothesis 

 

The use of Information and Communication Technologies (ICT) in the Fundamentals of Research course 

has a positive impact on both academic performance and the development of learning styles among first-

semester Computer Systems Engineering students. 

 

Derived Specific Hypotheses 

 

1. H1: The use of ICT significantly improves studentsô final grades compared to their initial 

diagnostic results. 

 

2. H2: The use of ICT supports the development of one or more learning styles (pragmatic, 

theoretical, active, reflective) between the beginning and end of the course. 

 

3. H3: Students who demonstrate greater improvement in their learning styles also tend to achieve 

higher academic performance. 

 

Methodology 

 

This study follows a quantitative approach, as it relies on the numerical measurement of variables to 

analyze the relationship between the use of Information and Communication Technologies (ICT), 

learning styles, and academic performance. The design is non-experimental and longitudinal, since the 

variables are not deliberately manipulated but rather observed and compared before and after the 

implementation of ICT throughout the course. In terms of scope, the research is correlational, as it seeks 

to determine the strength and direction of the relationship between the mentioned variables without 

aiming to establish causality (Hernández Sampieri et al., 2014).  The total population consists of 24 

student, 8 women and 16 men, enrolled in the Fundamentals of Research course within the Computer 

Systems Engineering program at the Tecnológico Nacional de México ï Instituto Tecnológico Superior 

Zacatecas Norte; it is worth noting that the students under study are in the first semester of the mentioned 

engineering program. 

 

Results 

 

This section presents the results obtained from the application of instruments administered before and 

after the use of Information and Communication Technologies (ICT) in the Fundamentals of Research 

course. A comparative analysis is conducted between the scores from the diagnostic exam and the final 

evaluation, as well as the variations in learning styles (active, reflective, theoretical, and pragmatic) 

identified through the CHAEA questionnaire. The data are interpreted in relation to the central hypothesis 

of the study, highlighting the impact of pedagogical ICT use on studentsô academic performance and the 

strengthening of their learning styles. 

 

Table 1 presents the mean and standard deviation (SD) of the learning styles before and after the 

use of ICT, as well as the average scores from the diagnostic exam and the final course evaluation. 

  

https://dialnet.unirioja.es/servlet/libro?codigo=775008
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Box 1 
 

Table 1 

Mean, standard deviation at the beginning and end of the semester 
 

Students-sex 

(Female(F) 

/Male(M)) 

Mean 

Styles 

(Beginning) 

SD 

Styles 

(Beginning) 

Mean 

Styles 

(End) 

SD 

Styles 

(End) 

Evaluation 

Average 

Student 1-M 14.25 2.36 14.25 2.36 74.5 

Student 2-F 19.00 0.82 18.50 1.29 77.5 

Student 3- M 13.25 1.50 13.25 1.50 81.5 

Student 4-F 11.75 3.10 12.25 3.40 82.5 

Student 5-F 15.75 2.06 14.25 2.50 87.0 

Student 6-M 18.25 1.26 17.00 0.82 80.0 

Student 7-F 17.00 1.63 16.75 1.26 83.0 

Student 8-M 12.50 2.52 13.25 2.87 81.0 

Student 9-F 13.75 2.75 13.00 2.94 88.0 

Student 10-M 11.75 2.50 12.25 1.50 88.0 

Student 11-M 9.75 2.22 12.00 3.56 77.5 

Student 12-M 20.00 0.00 12.25 1.26 72.5 

Student 13-M 13.00 1.63 11.50 1.73 91.0 

Student 14-M 15.25 2.22 15.00 2.58 82.0 

Student 15-M 17.50 1.29 17.00 1.15 74.0 

Student 16-M 12.75 2.99 14.75 3.30 72.5 

Student 17-F 9.00 5.10 10.25 4.43 89.0 

Student 18-F 2.50 1.00 8.50 1.29 72.5 

Student 19-M 14.00 2.45 14.25 2.22 80.0 

Student 20-M 14.50 3.87 15.00 4.08 80.5 

Student 21-M 15.75 2.06 14.50 1.29 76.0 

Student 22-M 10.25 1.89 15.25 2.50 78.5 

Student 23-F 12.75 2.06 14.50 1.29 73.0 

Student 24-M 9.25 1.50 10.75 2.87 76.5 

 

                                                                         Source [Own Elaboration, (2025)] 

 

Average learning style scores before and after the use of ICT, as shown in Table 1:  

 

Most students demonstrated stable or slightly improved mean scores in their learning styles 

following the use of technologies such as Moodle, Zotero, CmapTools, Microsoft Word, PowerPoint, 

and Google Drive. For example: 

 

1. Student 18, female, progressed from a very low mean score (2.5) to 8.5, indicating significant 

growth in her perception or development of learning styles. 

2. Student 22, male, also showed a substantial increase from 10.25 to 15.25. 

3. In contrast, students like Student 2 (female) and Student 6 (male) maintained high performance 

from the beginning. Although their mean scores decreased slightly, they remained above the 

overall group average. 

 

The use of ICT appears to have especially benefited students who initially demonstrated low 

development across learning styles, helping them build greater competence in pragmatic, theoretical, 

active, and reflective dimensions. 

 

Standard Deviation of Learning Styles (Before and After)  

 

The standard deviation represents the variability among learning styles within each student. 

 

1. In several cases such as Student 1, Student 3, and Student 15 (all male) the standard deviation 

decreased by the end of the course. This may indicate a more balanced development across styles, 

suggesting that these students achieved a more uniform distribution of active, reflective, 

theoretical, and pragmatic traits. 
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2. In contrast, students like Student 16 and Student 22 showed increased variability, which may 

suggest that one learning style developed more prominently than others possibly due to a greater 

affinity with specific ICT tools used. 

 

3. The implementation of ICT allowed some students to balance their learning styles, while others 

strengthened a particular style an outcome that can also be positive if the dominant style aligns 

well with their preferred learning approach. 

 

Diagnostic and Final Evaluation Averages 

 

1. The overall average for the final evaluation was 84.88, compared to 75 in the diagnostic exam 

indicating a general improvement in academic performance following the ICT-based 

intervention. 

 

2. Notable improvements were observed in students such as Student 12 (male), who progressed from 

60 to 85, and Student 17, from 85 to 93ðsuggesting a potentially positive impact of ICT tools 

on performance. 

 

3. However, students such as Student 11 and Student 16 (both male), although passing, maintained 

lower averages. This may point to the need for more personalized strategies aligned with their 

dominant learning styles. 

 

Overall, most students improved their academic performance, which appears to be associated with 

greater development or adjustment of their learning styles through the use of ICT. 

 

Box 2 
 

 
 

Figure 1 

Mean and Standard Deviation of learning styles at the beginning of the 

semester 
Source [Own Elaboration, (2025)] 

 

Figure 1 displays the mean and standard deviation (SD) of learning styles at the beginning of the 

semester for each student. Overall, most students show mean scores ranging between 12 and 18 points, 

with low dispersion (low SD), indicating that their learning preferences were relatively consistent from 

the outset. Notable cases include students with higher mean scoresðsuch as Student 12 (male)ðand 

others with lower variability. 
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Box 2 
 

 
 

Figure 2 

Mean and Standard Deviation of learning styles at the end of the 

semester 
                                                                               Source [Own Elaboration, (2025)] 

 

Figure 2 presents the mean and standard deviation (SD) of learning styles at the end of the 

semester for each student. In general, the mean scores remained stable or increased slightly compared to 

the beginning of the course, indicating a strengthening of learning styles. Additionally, a slight increase 

in variability (SD) was observed among several students, suggesting greater diversity or adaptation in 

their learning approaches following the use of ICT throughout the course. 

 

Box 4 
 

Table 2 

Diagnostic exam, final grade and learning styles 
 

Students-sex Diagnostic Exam Final 

Grade 

Learning Styles (LS) Interpretación  

P T A R 

Student 1-M 70 79 0 0 0 0 No improvement in LS. 

Student 2-F 70 85 -2 0 0 0 No improvement in LS. 

Student 3- M 80 83 0 0 0 0 No improvement in LS. 

Student 4-F 80 85 0 0 +1 +1 Increase in style(s): active,  reflective. 

Student 5-F 85 89 -1 -2 -2 -1 No improvement in LS. 

Student 6-M 80 80 0 0 -4 -1 
Sin cambio académico; Sin mejora en estilos. 

No academic improvement; no improvement in LS. 

Student 7-F 80 86 0 -1 0 0 No improvement in LS. 

Student 8-M 80 82 +2 0 +1 0 Increase in style(s): pragmatic, active. 

Student 9-F 85 91 -1 0 -1 -1 No improvement in LS. 

Student 10-M 85 91 0 0 +2 0 Increase in style(s): active 

Student 11-M 80 75 +3 -4 +5 +5 
Decrease in academic performance;  

Increase in style(s): pragmatic, active, reflective. 

Student 12-M 60 85 -9 -8 -8 -6 No improvement in LS. 

Student 13-M 85 97 -2 0 -1 -3 No improvement in LS. 

Student 14-M 80 84 -3 0 0 +2 Increase in style(s): reflective. 

Student 15-M 70 78 0 -1 0 -1 No improvement in LS. 

Student 16-M 60 85 +2 +3 +2 +1 Increase in style(s): pragmatic, theoretical, active, reflective. 

Student 17-F 85 93 -3 -3 +3 +8 Increase in style(s): active, reflective. 

Student 18-F 60 85 +5 +7 +4 +8 Increase in style(s): pragmatic, theoretical, active, reflective. 

Student 19-M 75 85 0 0 +1 0 Increase in style(s): active. 

Student 20-M 70 91 +4 0 -1 -1 Increase in style(s): pragmatic. 

Student 21-M 75 77 -2 -3 +1 -1 Increase in style(s): active. 

Student 22-M 75 82 +3 +5 +3 +9 Increase in style(s): pragmatic, theoretical, active, reflective. 

Student 23-F 60 86 0 +1 +3 +3 Increase in style(s): theoretical, active, reflective. 

Student 24-M 70 83 +3 0 0 +3 Increase in style(s): pragmatic, reflective. 

 

Source [Own Elaboration, (2025)] 
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Based on the correlation analysis presented in Table 2, the following interpretation can be drawn: 

 

The analysis indicates that the use of Information and Communication Technologies (ICT) in the 

Fundamentals of Research course had a positive impact on both academic performance and the 

development of learning styles for the majority of students. Among the 24 students analyzed: 

 

1. 22 students (92%)ðcomprising 12 males and 8 femalesðimproved their final grades compared 

to their initial diagnostic exam results, suggesting a significant academic improvement following 

the implementation of ICT tools such as Moodle, Zotero, CmapTools, Microsoft Word, 

PowerPoint, and Google Drive. 

 

2. Regarding learning styles, 18 students (75%)ð6 females and 12 malesðshowed improvement 

in at least one of the four styles (pragmatic, theoretical, active, or reflective). This suggests that 

the diverse use of ICT supported the development of various learning approaches, adapting to 

studentsô individual needs. 

 

3. The reflective style showed the most improvement, likely due to tools like Zotero and 

CmapTools, which promote organization, analysis, and information reflection. Improvements 

were also observed in the active and theoretical styles, indicating balanced exposure to dynamic, 

structured, and collaborative tasks. 

 

Notable cases include: 

 

1. Student 18 (female), who began with very low scores across all learning styles and achieved 

significant improvement in each, along with a considerable academic gain. 

 

2. Students 22 and 16 (both male), who also demonstrated multidimensional growth in learning 

styles and substantial academic improvement. 

 

3. In contrast, Student 12 improved their final grade despite a decrease in all learning style scores, 

possibly reflecting a reconfiguration in their learning approach not fully captured by the CHAEA 

instrument. 

 

This study suggests that the use of Information and Communication Technologies (ICT) in 

university learning environments can enhance the development of learning styles and support academic 

performanceðparticularly when diverse strategies are implemented to address different learning 

profiles. 

 

Conclusions 

 

The objective of this study was to analyze the impact of Information and Communication Technologies 

(ICT) on learning styles and academic performance among first-semester students in the Computer 

Systems Engineering program, enrolled in the Fundamentals of Research course at the Tecnológico 

Nacional de México ï Instituto Tecnológico Superior Zacatecas Norte. Based on a quantitative and 

longitudinal analysis conducted before and after the ICT intervention, the findings support the 

confirmation of all three hypotheses: 

 

1. General Hypothesis: The use of ICT positively influences both learning styles and academic 

performance. This is supported by the fact that 92% of students improved their final grade 

compared to the initial diagnostic exam, and 75% showed an increase in at least one learning style 

as measured by the CHAEA questionnaire. 

 

2. Specific Hypothesis 1: ICT use has a positive effect on the development of learning styles. The 

results indicate that the most strengthened styles were reflective, followed by active and 

pragmatic, suggesting that the technological tools used promoted processes of analysis, 

participation, and practical application of knowledge. 
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3. Specific Hypothesis 2: ICT use improves studentsô academic performance. The data show a 

significant increase in final grades compared to the initial diagnostic scores, supporting this claim. 

 

In conclusion, the pedagogical integration of tools such as Moodle, Zotero, CmapTools, 

Microsoft Word, PowerPoint, and Google Drive not only enhance academic performance but also fosters 

the diversification of learning styles by enabling students to access, process, and construct knowledge in 

a more meaningful and personalized way. Furthermore, the studyôs results provide valuable evidence for 

designing more inclusive and cognitively responsive teaching strategies in ICT-mediated university 

environments. 

 

Discussion 

 

The study shows that the intentional use of ICT tools like Moodle and Zotero significantly improved 

both academic performance and learning styles among first-semester engineering students. 92% 

improved their grades and 75% enhanced at least one learning style, particularly reflective and active 

ones, aligning with Siemens' and Kolbôs theories. ICT use encouraged more autonomous, creative, and 

student-centered learning. However, some students showed no improvement, suggesting a need to refine 

teaching strategies. The study concludes that ICT should be integrated thoughtfully and contextually to 

support meaningful and personalized learning. 
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Abstract 

 

This chapter analyzes the potential and challenges of adaptive learning in upper secondary education, 

and its impact on academic performance, educational personalization, and equity. Through a literature 

review, experiences, platforms, and pedagogical models were examined, with a special emphasis on Latin 

American contexts. Key elements such as the role of the teacher, technological infrastructure, learning 

analytics, and ethical implications were addressed. The findings show that adaptive learning can improve 

performance in areas such as mathematics and reading comprehension, as well as strengthening student 

motivation and autonomy. However, its effectiveness depends on teacher training, equitable access to 

technology, and appropriate pedagogical design. Risks associated with limited personalization or 

superficial automation were also identified. It is concluded that adaptive learning should be implemented 

as a comprehensive strategy that combines technology, pedagogy, and inclusive policies. 

 

 
 

Adaptive learning, Upper Secondary Education, Learning analytics 

 

Resumen 

 

Este capítulo analiza el potencial y los desafíos del aprendizaje adaptativo en la educación secundaria 

superior, así como su impacto en el rendimiento académico, la personalización educativa y la equidad. 

A través de una revisión bibliográfica, se examinaron experiencias, plataformas y modelos pedagógicos, 

con especial énfasis en los contextos latinoamericanos. Se abordaron elementos clave como el rol del 

docente, la infraestructura tecnológica, las analíticas de aprendizaje y las implicaciones éticas. Los 

hallazgos muestran que el aprendizaje adaptativo puede mejorar el rendimiento en áreas como 

matemáticas y comprensión lectora, además de fortalecer la motivación y la autonomía del alumnado. 

Sin embargo, su efectividad depende de la formación docente, el acceso equitativo a la tecnología y un 

diseño pedagógico adecuado. También se identificaron los riesgos asociados a una personalización 

limitada o una automatización superficial. Se concluye que el aprendizaje adaptativo debe implementarse 

como una estrategia integral que combine tecnología, pedagogía y políticas inclusivas. 

 

Aprendizaje adaptativo, Educación secundaria superior, Analítica de aprendizaje 
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Introduction  

 

Adaptive learning in secondary education is an important issue, especially in a context where students 

transition from secondary education to higher education or the world of work. Similarly, this level of 

education is characterized by a wide diversity of academic trajectories, levels of preparation, and learning 

styles, which require more flexible and personalized teaching strategies.  

 

In this sense, adaptive learning is presented as an innovative and necessary response to address 

these differences, allowing each student to progress at their own pace and according to their specific 

needs. Thus, adaptive learning emerges with the aim of personalizing learning through an educational 

platform so that people can learn at their own pace and according to their own needs (Hernández, 2022, 

p. 11). (citation of fundamentals) 

 

This educational approach uses technological tools that analyze student behavior and performance 

in real time to adjust content, activities, and assessments. Through these mechanisms, it is possible to 

offer more effective support, identify areas for improvement with greater precision, and strengthen 

teaching and learning processes.  

 

These characteristics of adaptive learning can be used in EMS, where dropout and lag rates are 

still a concern, and this ability to personalize can make a significant difference in terms of retention, 

motivation, and academic success. 

 

From a critical review, it is important to highlight that there are different approaches within 

adaptive learning, some favoring the use of automated platforms and complex algorithms, while others 

promote greater teacher intervention supported by technology; both models have advantages and 

limitations, and their effectiveness depends on the context, available resources, and teacher training. For 

this reason, it is essential not to adopt these tools uncritically, but rather to reflect on their pedagogical, 

social, and ethical implications. 

 

Among the most significant benefits of adaptive learning at this educational level are the 

strengthening of student autonomy, timely attention to specific difficulties, and the possibility of 

improving academic results through differentiated strategies. 

 

However, there are also significant challenges, including poor technological infrastructure, lack 

of teacher training in the use of these tools, concerns about data privacy, and the risk of excessive 

dependence on technology. This observation is supported by Naranjo-Sagñay et al., (2025), who state 

the following: "(...) the main barriers to the effective implementation of adaptive systems, including 

personalized content design, teacher training, technological infrastructure, and impact assessment (p. 

452). (citation of fundamentals) 

 

Given the versatility of adaptive learning features, there is currently a significant opportunity to 

transform EMS and make it more inclusive, effective, and student-centered. However, its implementation 

requires a critical vision, appropriate educational policies, and solid preparation on the part of all 

stakeholders, only in this way can we ensure that this innovation truly contributes to improving 

educational quality and closing existing gaps at this level of education. 

 

Given the versatility of adaptive learning features, there is currently a significant opportunity to 

transform EMS and make it more inclusive, effective, and student-centered. However, its implementation 

requires a critical vision, appropriate educational policies, and solid preparation on the part of all 

stakeholders; only in this way can we ensure that this innovation truly contributes to improving 

educational quality and closing existing gaps at this level of education. 
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Theoretical references  

 

Adaptive learning 

 

Adaptive learning is considered an educational approach that focuses on personalizing each student's 

learning experience by adjusting content, strategies, and teaching pace according to their needs, abilities, 

interests, and learning styles. This methodology, supported by digital technologies and intelligent 

systems, seeks to identify the student's level of understanding in real time in order to offer them resources 

and activities tailored to their individual progress. In short, ñAdaptive learning is a methodology that 

personalizes the educational process according to the needs of each student, facilitated by platforms that 

offer specific educational resourcesò (Vergara-Ruiz, and Mosquera-Albornoz, 2025, p. 2). (citation of 

fundamentals)  

 

Unlike traditional models in which students receive the same content at the same time, adaptive 

learning proposes a flexible path that recognizes individual differences and promotes a more equitable 

and effective education. To this end, adaptive learning uses algorithms, artificial intelligence, and data 

analysis to monitor student performance and make informed pedagogical decisions (González et al., 

2017). In this context, the student's learning process allows for the detection of knowledge gaps, the 

reinforcement of specific areas, and/or the acceleration of progress based on demonstrated mastery. 

(citation of fundamentals) 

 

The use of virtual reality is increasing every day in different contexts of society, even from an 

early age where it is used with children for the development of educational skills. At the EMS level, its 

development is more profound and, over time, it has established itself as a way to facilitate and innovate 

student learning, according to Morales-Cadena et al. (2024), "Virtual reality is not just an educational 

tool; it is a vehicle for pedagogical innovation that has the potential to enrich education and empower 

high school students for an increasingly innovative future (p. 217). (citation of fundamentals) 

 

The development of virtual reality has led to research into methods and techniques for adapting 

training systems for education. With the aim of achieving higher levels of motivation, the educational 

context has seen the introduction of concepts such as gamification and adaptive learning in the 

development of virtual learning environments. 

 

Adaptive learning allows each student's learning to be personalized using the resources offered 

on a platform, covering the content in depth in a rational manner and serving as a tool for both the 

student and the teacher. These systems rely on data collection techniques to learn from each student and 

provide adaptation to the content they display. (Alieski et al., 2021, para. 2). (citation of fundamentals) 

 

The scope of adaptive learning is broad, and it is projected to be a transformative tool in both 

formal educational settings and contexts of continuing education and autonomous learning. Its 

application can be seen in online education platforms, digital tutoring programs, learning management 

systems, and educational mobile applications. Similarly, it has the potential to support educational 

inclusion, serve diverse populations, and significantly improve learning outcomes through a more 

motivating, student-centered, and evidence-based experience.  

 

Personalization of learning 

 

The introduction of information and communication technologies in education has led to significant 

changes in teaching and learning methods. This situation was accentuated during the pandemic, when 

the integration of digital tools to support educational processes intensified with the aim of promoting the 

search for technological solutions and the adaptation of virtual environments for distance learning.  

 

In this context, e-learning, understood as an educational modality where teachers and students 

interact at different times and in different places, has used technology as its main means of mediation 

and has experienced significant growth in both academic offerings and enrollment. Currently, this 

educational modality has been enriched with digital technologies. As a reference for its reach across the 

three educational levels in Peru, the conclusions of the study conducted by Pizarro-Arancibia et al. (2025) 

detailed the following: 
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These results reflect students' perceptions of different aspects of e-learning as a learning tool. 

The informational dimension, closely followed by the communicative dimension, is clearly identified as 

crucial by the majority of respondents, while socio-emotional support appears to be the least valued 

dimension. This suggests the importance of focusing on strengthening these priority areas to improve the 

educational experience in e-learning environments and ensure effective and meaningful learning for 

students. (p. 6) (citation of fundamentals) 

 

In turn, virtual learning is defined as learning that takes place in an environment that uses digital 

technologies to facilitate the educational process and can occur synchronously or asynchronously. On 

the other hand, online education refers to an educational modality that is carried out entirely via the 

internet, and includes the delivery of content, the completion of activities and assessments, and 

interaction between students and teachers. 

 

All these modalities share the mediation of learning through digital media, allowing institutions 

to use each approach according to their objectives and available resources. However, the concept of 

virtual learning encompasses any of these perspectives. One of the disadvantages of virtual education is 

the result of the standardization and massification of training processes because all students learn in the 

same way. In addition, institutions suppress diagnostics and lack pedagogical models for virtual teaching 

(Mendizábal and Flores, 2025). (citation of fundamentals) 

 

In this regard, personalized adaptive learning is essentially based on the use of technology-

supported teaching strategies to enable the timely monitoring of student learning. This observation is 

described as follows: In recent years, the concept of personalized adaptive learning (PAL) has been 

coined, identified as a new pedagogical approach that goes beyond standard e-learning, facilitated by 

intelligent learning technologies (Peng, 2019, as cited in Romero-Alonso et al., 2024, p. 4). (citation of 

fundamentals)  

 

Role of the teacher in adaptive learning 

 

To achieve the goal of adaptive learning, the teacher's role focuses on implementing learning strategies 

that contribute to student development and therefore must focus on addressing the specific needs of each 

student. Similarly, teachers must have tools and infrastructure to analyze each student's knowledge and 

offer personalized recommendations that enable student progress based on their learning pace. 

 

For innovative technological systems integrated into the educational environment to be effective, 

teachers must not only familiarize themselves with emerging tools and methodologies but also gain an 

in-depth understanding of both the benefits and limitations inherent in technology. (Aparicio-Gómez and 

Aparicio-Gómez, 2024, p. 355). (citation of fundamentals)  

 

By analyzing student profiles and behavior, teachers can identify the most effective learning 

activities for each student. This ensures that students have the opportunity to participate in activities that 

match their learning preferences and strengths, which translates into better performance and retention.  

 

Learning Analytics 

 

Big data and learning analytics are a set of processes and tools that enable the collection, measurement, 

analysis, and interpretation of data about students and their interaction with learning environments. Their 

main purpose is to better understand how people learn, identify behavior patterns, anticipate difficulties, 

and, consequently, make informed decisions that improve both teaching and academic results. 

 

However, there are numerous barriers to the implementation and development of learning 

analytics in the field of education, including: a) Policies that allow for proper implementation without 

losing sight of the importance of ethics and security in the use of this data; b) Projects must be user-

centered, empowering users and placing them at the center of development in order to implement 

applications that are sustainable over time; c) User education, so that teachers learn to incorporate them 

into their educational dynamics and students adopt them as part of the tools to support the self-regulation 

of their learning (Ruipérez-Valiente, 2020). (citation of fundamentals) 

 



36 

 

 

Through these analytics, it is possible, for example, to find out which teaching materials are most 

used, how much time students spend on certain tasks, how they participate in collaborative activities, or 

what paths they follow to solve a problem. The data collected is analyzed and helps teachers personalize 

their teaching and evaluate the effectiveness of their teaching methods. 

 

In Learning Management Systems (LMS), learning analytics enable institutions to adopt 

measures that improve teachers' teaching and learning processes, enhancing the personalization of 

processes according to the particular needs of students. Depending on their purpose, learning analytics 

can be classified as predictive or descriptive; the former reveal possible future scenarios, while the latter 

show data or records of what has happened (Olvera and García, 2019). (citation of fundamentals) 

 

Adaptive Learning Infrastructure  

 

Integrating artificial intelligence and learning systems with existing e-learning infrastructure is a 

challenge, as it involves technological and service upgrades. In this process, schools would have to 

manage the costs associated with the development, integration, and maintenance of AI-based systems, 

and learning system models also require ongoing training and updates. The widespread adoption of these 

technologies faces significant barriers, such as insufficient technological infrastructure, a lack of training 

in digital skills, and resistance in some educational sectors (Herrera et al., 2024, as cited in Beltrán et al., 

2025, p. 1886). (citation of fundamentals) 

 

Aprendizaje adaptativo en Educación Media Superior 

 

To date, EMS teachers face various challenges when training in the use and practical application of 

adaptive learning. One of the main barriers is the lack of specific training, as many teachers have not 

received formal training in the use of advanced educational technologies, much less in adaptive platforms 

that require a deeper technical and pedagogical understanding. This generates insecurity and resistance 

to change, especially when technological tools are not integrated coherently with the curriculum or with 

already established pedagogical strategies. 

 

Added to this limitation is the excessive workload faced by many teachers, who must comply 

with long hours of teaching, planning, assessment, and administrative tasks, leaving little room for 

participation in continuing education processes. Even when courses or workshops are offered, they are 

often superficial, decontextualized, or fail to provide the necessary support to ensure effective 

implementation in the classroom. 

 

Another important factor is the technological gap between schools, especially in rural or low-

income areas, where the technological infrastructure does not allow for the implementation of adaptive 

tools, which discourages teachers from training in something they will find difficult to apply. In addition, 

the lack of institutional support or clear policies that promote educational innovation contributes to 

training efforts being isolated and unsustainable. The main problem with the EMS system and subsystems 

in our country was low coverage and terminal efficiency, high failure and dropout rates (Schleicher, 

2007). (citation of fundamentals) 

 

The results of educational indicators have fluctuated, but overall, they have remained low over 

the years (INEE, 2010): (citation of fundamentals) 

 

(...) the total dropout rate in secondary education has been declining over the last two decades. 

In the 1996-1997 cycle, it reached a peak of 19.8%, and after 13 years, in 2009-2010, it fell by just under 

5 percentage points to 14.9%, representing a loss of 605,567 young people. (p. 64) 

 

Adaptive learning has begun to show an impact on EMS, especially in contexts where student 

diversity requires more personalized and effective strategies. Its practical use has made it possible to 

cater to students' different paces, styles, and levels of knowledge through technological platforms that 

automatically adjust content according to individual performance and needs.  
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In some cases, it has served as a valuable tool for reinforcing key skills in subjects such as 

mathematics and science, where learning gaps tend to be more evident, given the context in which the 

wide variety of EMS systems and subsystems are developed, as Luna (2025) points out: (citation of 

fundamentals) 

 

First, it is imperative to recognize the heterogeneity of students entering high school, some of 

whom carry significant deficiencies from previous stages. Consequently, a uniform teaching approach 

in high school inevitably creates even greater learning gaps. This is where adaptive learning proves its 

incalculable value, as it allows for the precise identification of individual knowledge gaps. (parr. 2) 

 

In the field of education, it is clear that its implementation can provide teachers with more 

accurate, real-time feedback on their students' progress, which can have a positive impact on their 

teaching practices. However, it is recognized that challenges remain in this educational environment, 

such as teacher training and uneven technological infrastructure. 

 

Taken together, these issues reflect that, although adaptive learning offers great benefits, 

including effective adoption in EMS, it also requires appropriate structural conditions, time, resources, 

and an institutional vision that supports change with well-designed training policies. 

 

Extensive literature review 

 

In recent years, various studies have been published proposing adaptive or personalized learning models 

or systems based on the study of learning styles, cognitive abilities, or student interaction with learning 

objects. 

 

In accordance with the purpose of this research project, it was decided to consult extensive 

bibliographic information, which included studies conducted on adaptive learning at all educational 

levels, as described in this section. 

 

A bibliographic study based on quantitative analysis entitled ñTechnological Models of Adaptive 

Learning Applied to Education: A Systematic Review of the Literatureò was conducted at the 

Universidad Autónoma de Querétaro, Querétaro, Mexico (Quintanar-Casillas and Hernández-López, 

2022). The objective of the research was to conduct a systematic review of the adaptive learning models 

or systems proposed during the period 2012-2021, considering authors of Hispanic American origin and 

without focusing on any specific educational level.  

 

To carry out this study, we used the analytical method, under the positivist paradigm, with a 

descriptive quantitative approach, considering a sample of 50 studies selected from different scientific 

databases that proposed adaptive learning models or systems. The variables under study were described 

as follows: a) Regarding the type of proposal in the 50 studies analyzed, 31 corresponded to adaptive 

learning systems, 16 to adaptive learning models, 2 to personalized learning systems, and 1 to a 

personalized learning model; b) For the construction of their object of study, 34 papers considered the 

study of learning objects, 28 took into account an LMS, 18 focused on the study of learning styles, while 

14 considered studying learning competencies and 7 cognitive skills; c) Regarding the context to which 

the proposed models or systems were applied, 45 focused on a school environment and 5 on a work 

environment. The results of the study indicated the following: a) In recent years, there has been a steady 

increase in the number of studies on adaptive learning; b) The most commonly used approach in the 

student model is that of learning styles; c) There is little research on cognitive skills in relation to adaptive 

learning; d) The use of artificial intelligence techniques in adaptive learning models and systems is 

frequent and clearly growing; e) The distribution of the artificial intelligence techniques used is almost 

uniform, making it difficult to establish a pattern of predominance; however, there is an emerging trend 

toward greater use of neural networks and reinforcement learning.  Consistent with the results obtained, 

the authors describe the importance of developing future work that focuses more on the study of students' 

cognitive skills and competencies than on classic learning style models. (background citation) 

 

In 2025, authors Sandoval et al., from the Ministerio de Educación de Ecuador, conducted 

research entitled ñThe Role of Adaptive Learning in Hybrid Education: Emerging Technologies to 

Enhance Student Autonomy.ò  
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The objective of the study was to examine how mathematical models and simulations facilitate 

the optimization of learning abstract concepts in hybrid contexts, promoting personalized and dynamic 

pedagogy. The methodological approach was mixed; quantitative analysis was performed based on data 

collected through adaptive learning platforms to assess academic performance and learning progression 

in a group of 150 secondary school students in Ecuador, and qualitative research was conducted based 

on the analysis of data obtained from interviews with teachers and students, with the aim of understanding 

perceptions of the effectiveness of the tools used in personalizing learning and promoting student 

autonomy. The results of the study indicated the following: a) Quantitative results showed a significant 

improvement in student academic performance in all areas assessed following the adaptive learning 

intervention.  

 

The largest increase was observed in mathematics, with a 21.9% increase in performance, 

suggesting that the use of adaptive technologies and the hybrid approach had a positive impact on content 

comprehension and application. Similarly, the results of the analysis of the variation in pre- and post-

averages confirmed the hypothesis that adaptive learning enhances student autonomy, allowing them to 

advance at their own pace and according to their individual needs, as expected based on the research 

design. b) The qualitative findings reinforced the quantitative results by showing that students 

experienced an improvement in their understanding of concepts, an increase in motivation, and a higher 

level of participation in activities. Likewise, an increase in student autonomy was observed, which is 

consistent with the hypothesis that adaptive learning fosters self-direction in the learning process and that 

students positively value the flexibility of the hybrid model, arguing that it allowed them to learn at their 

own pace and access personalized resources according to their needs. (background citation) 

 

The study conducted by López and Bedolla (2020), entitled ñAdaptive learning for the academic 

regularization of new students: the experience in a remedial mathematics course,ò was carried out at the 

Instituto Tecnológico y de Estudios Superiores de Monterrey, in coordination with the Universidad 

Autónoma de Nuevo León, Mexico. The research was conducted with the aim of analyzing the impact 

of adaptive learning on the academic experience and performance of students in a remedial Introduction 

to Mathematics course, which was implemented with the purpose of regularizing the basic knowledge of 

new students during the August-December 2018 semester. The methodological approach used in the 

research was descriptive cross-sectional with a mixed approach. In the quantitative approach, the sample 

was non-probabilistic for convenience, with the participation of 919 students who were also given a 

qualitative-quantitative survey.  

 

The results of the study indicated that students perceive the integration of adaptive learning in the 

remedial course positively, since among the comments collected from 136 of the 919 students surveyed, 

47% are in favor of the educational model, technological platform, and role of the teacher, in addition to 

the fact that 30.4% took this course to strengthen their knowledge of mathematics. This means that they 

are satisfied with a personalized learning pace and study content provided according to their profile and 

cognitive level, thanks to interactions with the platform, class dynamics, and the support they receive 

from their peers and teachers regarding academic and individual questions, thus facilitating their 

integration into the university and their academic performance. (background citation) 

 

Results 

 

Given the versatility and scope of adaptive learning features, their application in EMS represents a 

powerful pedagogical strategy that allows for a more effective response to student diversity. Thus, by 

considering variables such as learning styles, cognitive abilities, and interaction with learning objects, a 

more personalized, motivating, and meaningful educational experience is promoted.  

 

The integration of learning styles into instructional design can enable teachers to adapt content 

and activities to individual preferences and promote greater understanding and retention of knowledge. 

Similarly, recognizing and strengthening both basic and higher-order cognitive skills enhances critical 

thinking, problem solving, and student autonomy.  

 

Finally, the incorporation of adaptive technologies and interactive learning objects opens up new 

possibilities for students to learn at their own pace, accessing relevant content according to their level, 

progress, and learning style. 
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Together, these variables allow learning to move away from being a uniform process and become 

a dynamic, student-centered experience focused on the comprehensive development of their abilities. 

While recognizing the benefits that adaptive learning can bring, it is also important to acknowledge that 

studies and practice of adaptive learning in EMS are very scarce, and at this educational level, its 

implementation is required to try to tackle the enormous educational problems that exist in this 

educational system and subsystems. 

 

Conclusions 

 

By conducting a systematic and critical analysis of the existing literature, this research made it possible 

to standardize current knowledge about the characteristics of adaptive learning, its proven benefits, and 

the challenges facing its implementation in EMS contexts. 

 

Another relevant aspect of his scientific contribution lies in his thoughtful assessment of the 

benefits of adaptive learning, such as the personalization of the teaching-learning process, increased 

student engagement, and improved academic performance, in light of the challenges it poses, such as the 

technology gap, insufficient teacher training, and ethical issues related to data use (Núñez-Michuy, 

2025). (discussion appointment) 

 

Bibliographic research represents a valuable contribution to the generation of universal 

knowledge, offering a comprehensive and up-to-date overview of one of the most relevant trends in 

contemporary educational transformation, specifically at the EMS educational level, a key segment in 

the academic training of young people. 

 

This research not only systematizes what has been produced so far in the field, also reveals 

limitations in the methodologies used and underexplored areas, which stimulates new research questions. 

In this way, the documentary review contributes to the advancement of global knowledge by highlighting 

what is known, what is not known, and what should be further investigated. 

 

Furthermore, by reviewing and documenting information on the benefits of adaptive learning, 

such as improved performance, personalized learning, and empowerment of students in the face of 

challenges posed by its implementation, such as technological barriers, institutional resistance, and the 

need for teacher training, the study offers a useful framework for understanding for both educators and 

educational researchers. 

 

Studies on adaptive learning in EMS are still very scarce, highlighting a significant gap in the 

development and research of this educational modality. However, its implementation is increasingly 

necessary, as it offers a viable path to address and mitigate the enormous educational problems facing 

this system and its subsystems. By incorporating adaptive strategies, we can better respond to students' 

individual needs, improve teaching and learning processes, and contribute to more equitable and effective 

training at this educational level, which today demands profound transformations. 

 

Methodology  

 

The study was framed within a qualitative approach, focusing on the interpretation and critical analysis 

of concepts, experiences, and perspectives related to adaptive learning, with the aim of gaining a deeper 

understanding of the theoretical and practical dimensions of the educational phenomenon in specific 

upper secondary education contexts. 

 

The methodology used is documentary (Corona, 2018), which involves the collection, selection, 

organization, and analysis of various documentary sources. This allowed for a critical review of the 

different approaches that support adaptive learning, as well as the identification of its benefits and the 

challenges posed by its implementation. (Supporting citation) 

 

The methodological process included: 

 

1. Selection of relevant and up-to-date literature on adaptive learning. 

2. Thematic categorization of theoretical approaches observed benefits, and main obstacles. 

3. Comparative analysis of findings from various sources to identify convergences and divergences. 
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4. Critical synthesis that allowed for the construction of an interpretive framework on the feasibility 

and limitations of adaptive learning in upper secondary education. 

 

The variables involved in the study are described as follows: 

 

1. Adaptive Learning: An educational strategy based on the use of technologies and algorithms to 

personalize the teaching-learning process according to the individual characteristics, progress, 

and needs of the student. 

2. Upper Secondary Education: An educational level that encompasses the transition between basic 

education and higher education, generally corresponding to high school or preparatory school, 

where key academic and personal competencies are developed. 

3. Benefits: Positive outcomes associated with the application of adaptive learning, such as 

improved academic performance, attention to diversity, increased motivation, and the 

development of more meaningful and personalized learning. 

4. Challenges: Obstacles or limitations that hinder the effective implementation of adaptive 

learning, such as a lack of technological infrastructure, limited teacher training in digital tools, or 

dependence on commercial platforms. 
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Abstract 

 

The Hacienda de la Encarnación, located in Nicolás Romero, Estado de Mexico, is a significant element 

of the regionôs historical and cultural heritage. Currently, it faces physical deterioration, social 

unawareness, and a lack of comprehensive preservation strategies, limiting its educational and cultural 

potential. This research proposes a digital recovery strategy based on three-dimensional (3D) modeling 

and augmented reality (AR), integrating inter-institutional and student participation for its conservation 

and dissemination. Using a qualitative approach, interviews were conducted with local authorities, 

chroniclers, and university community members, revealing student interest (93% expressed a desire to 

deepen their knowledge) and the siteôs relevance as an educational resource and symbol of regional 

identity. The proposal includes digital repositories, virtual tours, and interactive materials, promoting 

heritage education, preservation, and the development of critical citizenship in the digital era. 
 

Digital Recovery Strategy for the Hacienda de la Encarnación as Historical/Cultural Heritage 

Objectives Methodology Contribution 

To propose a digital recovery strategy for the Hacienda 

de la Encarnación through an educational methodology. 

This strategy seeks to integrate academic knowledge 

with technical expertise to disseminate cultural heritage 

and foster inter-institutional participation. 

 

 

Identifying the historical and cultural 

background. 

 

To analyze the social, cultural, economic, 

and physical significance. 

 

To perform environmental, social, 

political, cultural, economic and physical 

diagnostics. 

 

 

 
 

 

Strategy, Historical/Cultural Heritage, Digital Recovery 

 

Resumen 

 

La Hacienda de la Encarnación, ubicada en Nicolás Romero, Estado de México, constituye un elemento 

significativo del patrimonio histórico y cultural regional. Actualmente, enfrenta deterioro físico, 

desconocimiento social y falta de estrategias integrales de preservación, lo que limita su aprovechamiento 

educativo y cultural. Esta investigación propone una estrategia de recuperación digital basada en 

modelado tridimensional (3D) y realidad aumentada (RA), integrando la participación interinstitucional 

y estudiantil para su conservación y difusión. Mediante un enfoque cualitativo, se realizaron entrevistas 

a autoridades locales, cronistas y miembros de la comunidad universitaria, evidenciando el interés de los 

estudiantes (93 % deseaba profundizar en su historia) y la relevancia del sitio como recurso educativo y 

símbolo de identidad regional. La propuesta contempla repositorios digitales, recorridos virtuales y 

materiales interactivos, promoviendo la enseñanza del patrimonio cultural, su preservación y la 

formación de ciudadanía crítica en la era digital. 

 
Estrategia de recuperación digital de la Hacienda de la Encarnación como patrimonio Histórico/Cultural  

Objetivos Metodología Contribución 
 

Proponer una estrategia de recuperación digital de la 

Hacienda de la Encarnación a través de una metodología 

educativa. Esta estrategia busca integrar el 

conocimiento académico con la experiencia técnica para 

difundir el patrimonio cultural y fomentar la 

participación interinstitucional. 

 

 

Identificar los antecedentes. 

 

Analizar la importancia social, cultural, 

económica y física. 

 

Realizar diagnósticos ambientales, 

sociales, políticos, culturales, económicos 

y físicos. 

 

 

 
 

 

Strategy, Historical/Cultural Heritage, Digital recovery 

Analysis and generation of an 

intervention strategy for digital 

recovery 

 

Recuperation 

Strategy 

History/ 
Culture 

Education 

Emerging 
Technologies 

Análisis y generación de estrategia 
digital recovery 

 

Estrategia de 

recuperación 

Historia/ 

Cultura 

Educacion  

Tecnologías 
Emergente 
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Introduction  

 

A digital recovery strategy is a planned set of actions, techniques, and tools aimed at preserving, 

restoring, protecting, and disseminating cultural, historical, or documentary heritage through digital 

means. Its main objective is to ensure the long-term conservation and access to resources that might 

otherwise deteriorate or be lost over time. 

 

The Hacienda de la Encarnación, located in Nicolás Romero, Estado de México, constitutes a 

historical and cultural heritage of great regional relevance. Currently, the property faces physical 

deterioration, lack of public awareness, and insufficient digital documentation, which puts its legacy at 

risk and limits its educational, tourism, and cultural utilization. 

 

The personality and needs of people are reflected in their homes, and similarly, every territory 

develops its identity based on the modifications imposed by its inhabitants. Therefore, the way people 

shape their environment creates a distinctive and singular landscape. This landscape, over time, 

transforms into a unique combination of changes and adaptations, acquiring profound meaning and 

leaving a lasting imprint on the collective memory, according to Delgado (2024). 

 

Given this situation, the present research proposes a comprehensive digital recovery strategy, 

based on three-dimensional modeling (3D), augmented reality (AR), and digital repositories, that 

incorporates inter-institutional and community participation, ensuring both the preservation of the 

property and the dissemination of its historical value. The hypothesis is that the implementation of this 

strategy will allow for the preservation, revaluation, and dissemination of the Hacienda, strengthening 

regional cultural identity and optimizing resources given budgetary constraints. 

 

The research is structured into the historical context, the theoretical framework on heritage and digital 

documentation, the applied qualitative methodology, the results of the community analysis, and the 

proposed digital recovery strategy, culminating in conclusions and recommendations for the management 

and conservation of historical-cultural heritage.  

 

1. Problem Statement 

 

The Hacienda de la Encarnación represents a key element of the region's historical and cultural heritage, 

as it reflects the architectural, social, and economic legacy of a significant era. However, the property 

currently faces a process of physical deterioration and a growing lack of awareness of its value among 

local communities due to the absence of comprehensive preservation strategies, the lack of digital 

documentation and limited accessibility to historical information has caused a large part of this legacy to 

remain at risk of disappearing, not only due to environmental and structural factors, but also because of 

the poor visibility in digital media and heritage consultation platforms. Este problema se ve agravado por 

la falta de políticas tecnológicas aplicadas a la conservación, que permitan crear repositorios digitales, 

modelos tridimensionales y recorridos virtuales capaces de acercar a la población a su patrimonio. 

 

If a digital recovery strategy is not implemented, the Hacienda runs the risk of losing valuable 

elements for the collective memory, hindering its integration into educational, tourism, and cultural 

projects that strengthen regional identity. This research seeks to respond to this need through the creation 

of a digital strategy that will allow not only the virtual preservation of the Hacienda de la Encarnación, 

but also promote its dissemination and revaluation in the digital age.  

 

2. General Objective 

 

To propose a digital recovery strategy for the Hacienda de la Encarnación through an educational 

methodology. This strategy seeks to integrate academic knowledge with technical expertise to 

disseminate cultural heritage and foster inter-institutional participation. 

 

3. Specific Objectives  

 

- Identify the historical-cultural background of the Hacienda de la Encarnación.  

- Analyze the importance of the space in relation to social, cultural, economic, and physical issues.  

https://share.google/p0pJAZ9VMdRkxezCD
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- Carry out a diagnosis of the spaces to identify their environmental, social, political, cultural, 

economic, and physical effects. 

- Develop a strategic proposal for the digital recovery of the historical/cultural heritage (Hacienda 

de la Encarnación). 

 

4. Theoretical Framework 

 

Cultural/Historical Heritage and the Importance of its Documentation 

 

Mexico possesses an immense quantity of historical elements; his heritage has been part of our cultural 

wealth for generations, showing us not only the great cultural richness we possess, but also the 

possibilities for contributing to social and educational elements through historical data. 

 

Human beings, through their historical background, have given rise to the construction of their 

culture. This shows that heritage constitutes a social construct and a dynamic phenomenon, serving as a 

valuable source for the exchange of knowledge, according to Álvarez (2020).. 

 

For Lowenthal D. (1998), an archaeological heritage is the cultural and natural legacy that 

societies choose to value and preserve; this is not merely a simple collection of historical memories, but 

rather a reflection of the communities, being a process in constant evolution where elements of the past 

are selected and reinterpreted to shape the identities and narratives that contemporary communities wish 

to keep alive, connecting the past with the present through a meaningful selection of memories and 

symbols that hold profound cultural and emotional value. 

 

Heritage stands as a tangible manifestation of history, constituting palpable historical evidence, 

according to Álvarez (2020). Heritage contributes substantially to the generation of identity and the 

development of a sense of belonging at a cultural level. Furthermore, it facilitates the transmission of 

cultural inheritance across diverse social strata. 

 

ñWhen speaking of heritage, it is asserted that its proper documentation is the foundation for its 

conservation, management, and dissemination.ò according to Quintanilla, Et al. (2023), documentation 

constitutes a fundamental pillar for the conservation of any historical element present in a culture. Its 

importance transcends mere physical preservation, encompassing the transmission of essential 

knowledge to future generations. This process ensures that new cohorts can understand and learn about 

their historical background and the evolution of their own cultural identity. Furthermore, documentation 

ñserves as support for the administration in actions of protection, conservation, valorization, and 

dissemination, providing the necessary backing and knowledge to carry out the management of cultural 

assets,ò according to Quintanilla, Et al. (2023). 

 

According to this year's bulletin from the Chamber of Deputies, the budget allocated to the 

cultural sector has experienced a significant decrease. Cámara de Diputados, (2024). This budgetary 

reduction has various negative consequences, ranging from the lack of trained personnel for cultural 

heritage documentation to insufficient funds earmarked for the restoration of historical sites.  

 

This situation considerably limits the protection, recovery, and restoration of historical sites, and 

in particular, of the architectural sites that Mexico possesses. The digital recovery of information related 

to cultural and historical heritage represents an effective solution to face current budgetary challenges. 

This approach offers multiple advantages: it provides flexibility in the management and access to data, 

allows for the integration of various media (images, audio, video, etc.) for comprehensive documentation, 

facilitates the efficient distribution of information, encourages user interaction, and generates significant 

savings in budgetary matters. This last point is crucial, as it allows for the visualization and study of 

historical architectural elements that would otherwise be inaccessible or would require large investments 

in their physical preservation. 

 

The current problematic state of historical heritage in Mexico, attributed to funding restrictions, 

lack of awareness, and cultural underutilization, has resulted in the deterioration and neglect of 

emblematic sites such as the Hacienda de la Encarnación. In response, this project aims to generate a 

methodology that aids in the recovery of the structure using 3D modeling and augmented reality 

 

http://dx.doi.org/10.5965/2175180312312020e0201
https://api.pageplace.de/preview/DT0400.9781107710641_A23761975/preview-9781107710641_A23761975.pdf
http://dx.doi.org/10.5965/2175180312312020e0201
https://digibug.ugr.es/bitstream/handle/10481/90669/2.%2bLos%2bSistemas%2bde%2bDocumentacio%cc%81n%2b.pdf?sequence=1&isAllowed=y
https://digibug.ugr.es/bitstream/handle/10481/90669/2.%2bLos%2bSistemas%2bde%2bDocumentacio%cc%81n%2b.pdf?sequence=1&isAllowed=y
https://comunicacionsocial.diputados.gob.mx/index.php/boletines/comision-de-cultura-y-cinematografia-aprueba-su-opinion-favorable-al-ppef-2025#:~:text=Para%202025%2C%20el%20monto%20asignado,mil%20700%20millones%20de%20pesos.
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Hacienda de la Encarnación: History, Economy, Territory, and Cultural Legacy. 

 

The Hacienda de la Encarnación, located in Nicolás Romero, Estado de México, is a monument that 

narrates the municipality's history since the 16th century. Initially known as Hacienda de los Corredores, 

it was renamed by Alonso Dávalos y Bracamonte, establishing the entailment of the Counts of Miravalle. 

Its importance was not only historical but also economic during the Viceroyalty, as it specialized in the 

extraction and commercialization of timber, a vital resource for Mexico City, and later due to a railway 

connection (1899-1940) that optimized its production. At its peak, it spanned over 16,000 hectares, noted 

for its monumental architecture featuring large towers, stables, and even a company store (tienda de 

raya), passing through the hands of figures such as Dr. José Ignacio Capetillo in the late 19th century. 

After the Revolution, the hacienda acquired a significant cultural legacy, becoming an iconic filming set 

for at least 19 Mexican films between 1954 and 1959, thus cementing its status as a reference point in 

the history of national cinema. Finally, in 1995, this historical landmark transformed into a center of 

knowledge by hosting the Universidad Tecnológica Fidel Velázquez, symbolizing a process of renewal. 

Nevertheless, the passage of time has left its mark on the structure, which has motivated the proposal of 

a ñDigital Recovery Strategyò to preserve this historical and cultural heritage against the deterioration of 

its facilities, Zavala (2024). 

 

Digital Recovery Strategy for Historical/Cultural Heritage 

 

To begin an investigation focused on the recovery of historical/cultural heritage, it is fundamental to 

understand the nature of the research itself and its close relationship with the methodology needed for its 

development. According to Hernández, Baptista, and Fernández 2010, (as cited in Moreno, et al., 2023), 

ñresearch is a process through which knowledge of reality is generated with the intention of explaining, 

understanding, and transforming it, according to the material and sociocultural needs that are rapidly 

changingò. 

 

As previously mentioned, in Mexico, there is a notable deficiency in the budget allocated for the 

preservation of historical and cultural heritage, which results in a lack of attention to numerous historical 

sites. This situation generates significant and progressive deterioration of these assets. This leads us to 

conclude that if the objectives of research are to explain, understand, and transform a reality in 

accordance with sociocultural needs, it demonstrates that the recovery of historical sites is fundamental 

for new generations.  

 

This not only mitigates the budgetary burden on the relevant agencies but also fulfills the three key 

objectives of the research: 

 

1. Explanation: New generations are informed about the events and the historical relevance of these 

places.  

 

2. Understanding: The importance of recovering these historical moments and the knowledge 

derived from them is underscored.  

 

3. Transformation: Methodologies for dealing with history are innovated, not only in their 

documentation but also in their dissemination through ways accessible to all of society. 

 

According to Moreno et al., (2023), ñEvery time an investigation is going to be conducted, it is 

necessary to establish a methodological process to obtain results and provide a solution to the problem 

posedò, which demonstrates that research requires a rigorous methodological process, which is essential 

for understanding the root of the problem and for developing an optimal and effective solution. 

 

This investigation is a case study that seeks to propose a digital recovery methodology for the 

historical/cultural heritage of the Hacienda de la Encarnación, located in Nicolás Romero.  

 

5. Research Methodology 

 

The present investigation is framed within a qualitative methodological approach. This decision is based 

on the nature of the study, which seeks to develop an inductive strategy aimed at resolving a specific 

social problem: the recovery of historical sites. 

https://api.pageplace.de/preview/DT0400.9781107710641_A23761975/preview-9781107710641_A23761975.pdf
https://doi.org/10.23913/ride.v13i26.1393
https://doi.org/10.23913/ride.v13i26.1393
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The choice of this methodology responds to the need to deeply understand the meanings, 

perceptions, and social dynamics that influence the process of deterioration and recovery of these spaces. 

As mentioned by De la Roche, et al. (2021), 'Qualitative methods are fundamental for providing 

descriptive information about a given population; they allow for finding answers to questions based on 

experience, where the obtained data are not quantifiable.' Based on the experience gained from executing 

various practices, a strategic framework is proposed for the digital recovery of a historical space, 

specifically the Hacienda de la Encarnación. This approach is founded on the identification of a series of 

sequential and systematic steps, designed to guide the process of digitalization and reconstruction of 

heritage sites  

 

Population and Sample 

 

For this Case Study research project, the student population of the Universidad Tecnológica Fidel 

Velázquez will be taken into account. This university is located, as previously mentioned, on the grounds 

of the Hacienda de la Encarnación, and has approximately 6,325 students. The selected sample will be 

probabilistic, random, and obtained using the formula, with a 95% confidence level and a 5% margin of 

error.  

 

ὲ    
 ό 

 

 

Where  

n= Sample size 

N= Student population (6325) 

e= margin of error (0.05) 

therefore, the result obtained for the sampling is 363 students. 

 

This article utilizes the case study approach because its central objective is the deep and intensive 

understanding of a phenomenon within its particular context, the municipality of Nicolás Romero, State 

of Mexico. This approach is not limited to description but seeks to explore how an event or a space 

functions, is represented, and generates diverse imaginaries, Avalle (2022). This methodological focus 

allows for deep analysis and the generation of a specific intervention strategy for the digital recovery of 

historical spaces. By applying this method, the identification of the key elements of a heritage site is 

facilitated, which in turn enables the creation of a coherent action plan for its digital replica and 

conservation.  

 

In this same vein, two types of data collection will be used: the conducting of interviews and field 

visits. 

 

6. Interviews Conducted 

 

For the development of the present investigation, three fundamental interviews were conducted, each 

with a specific focus and objective, directed at different key stakeholders related to the study topic. 

 

Interviews with Institutional Authorities  

 

The first interview was directed at the authorities of the Universidad Tecnológica Fidel Velázquez, 

specifically the Rector, Mtro. Rafael Adolfo Núñez González, and the Academic Secretary, Maestro José 

Ramiro Álvarez Flores. This process had a dual purpose: first, to obtain the necessary authorizations to 

access the physical space of interest; and second, to formalize the required permits for the collection of 

information from various sources, including official documentation, institutional records, and other 

materials relevant to the investigation. This stage was crucial to ensure the ethical and authorized 

development of the study of the necessary information to access the physical space of interest and the 

second to formalize the permits for the collection of information from various sources, including official 

documentation, records, and other materials relevant to the study.  

 

 

 

 

https://revistas.unicatolica.edu.co/revista/index.php/semillas/article/view/314
https://doi.org/10.22201/fcpys.2448492xe.2022.245.77473
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Interview with the Municipal Chronicler  

 

The second interview was conducted with the Municipal Chronicler of Nicolás Romero, Dr. Gilberto 

Vargas Arana. This arrangement was made possible thanks to the direct support of the Municipal 

President, Lic. Yoselin Nayeli Mendoza Ramírez, which facilitated access to specialized information of 

high historical value. The main purpose of this interview was to deepen the knowledge of the site, 

specifically to learn about the history of previous attempts to recover the Hacienda de la Encarnación, as 

well as to obtain a general historical overview of the location, covering its founding, evolution, and the 

most significant events that have marked its history. 

 

Surveys of the Student Community  

 

The third source of information consisted of a series of surveys applied to students of the Universidad 

Tecnológica Fidel Velázquez. The main objective was to explore the level of knowledge and the students' 

perception regarding the local historical heritage. Data collection focused on three key aspects: (1) 

awareness of the importance of the historical heritage present at the University, (2) knowledge or 

familiarity with the physical space of the Hacienda de la Encarnación, and (3) the interest expressed by 

the students in relation to the historical events linked to that place. This information proved essential for 

understanding the current connection between the university community and the heritage that surrounds 

it.  

 

7. Data Collection Instruments 

 

To obtain qualitative data, specific scripts were prepared that served as the basis for conducting the 

interviews with each of the key participants. This approach allowed for standardizing the process of 

obtaining information, ensuring that the central themes of the research were addressed systematically and 

coherently, and were comparable between interviews. Regarding the application of surveys, structured 

digital forms were designed and distributed using the WhatsApp messaging platform. In order to ensure 

adequate coverage and participation, the forms were initially sent to group leaders, who were then 

responsible for distributing them among the members of the student community. 

 

8. Strategy (Proposal of the Strategy) 

 

A. Preliminary Knowledge  

 

- Contextualization 

 

In order to initiate an investigation, it is essential to understand the current and historical environment of 

the heritage in question. Through this analysis, it is possible to grasp all the factors surrounding the 

historical building and its importance within the historical/cultural context. Based on this understanding, 

its relevance can be determined. At this point, the goal is to contextualize the heritage to understand its 

cultural and historical value in an integrated manner.  

 

- Actual Situation 

 

An exhaustive field investigation is initiated to obtain data that allows for the understanding of the 

historical property's situation. Through this work, the aim is to collect photographic and video evidence 

of its current condition, making it essential to record its state in detail. At this stage, the central objective 

is to document the condition of the property for subsequent analysis. 

 

B. Definition of Action Line  

 

- Central problem 
 

The need to carry out a digital recovery of historical heritage must be understood from its main root, and 

generate an understanding of why it has not been done before. Therefore, it is essential to analyze the 

reasons that have prevented its execution. In order to address this problem, a study is proposed that, 

through an exhaustive analysis, allows for the understanding of the factors that have generated this 

deficiency.  
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- Causes of the Problem 

 

Interviews and documentary research are generated with the aim of understanding the factors that 

originate the need to carry out the digital recovery of historical heritage. Due to this, qualitative data is 

collected for analysis. The absence of digital recovery can be observed, thus justifying this initiative. 

 

- Impact of the problem 

  

CIn order to understand the consequences of not having a digital recovery of heritage, its effect on the 

population and on the cultural and historical collection must be analyzed. Through this analysis, the 

impacts generated at a social and educational level are determined. At this point, the objective is to 

dimension the loss represented by failing to carry out the digital recovery.  

 

C. Predisposition of Conditions  

 

- By The Estado de México and Municipio 

 

- Regulatory Provisions. It is necessary to analyze the legislation and how it relates to other 

planning documents based on historical heritage to ensure the coherence of the already defined 

strategies.  

 

- Institution. The institutions that relate to or have involvement with the historical property must 

be identified with the purpose of verifying the existing relationship between them. Since 

establishing the connections between these entities is essential, the historical heritage can be 

documented comprehensively. Through this effort, the aim is to establish the necessary 

collaboration for the project's success.  
 

- Institutional Competence. The existence of adequate competencies for the conservation, 

restoration, and digital documentation of the historical heritage must be verified. Therefore, it's 

crucial to have trained personnel, appropriate resources, specialized technical knowledge, and a 

strong capacity for teamwork. Through this evaluation, the project's viability can be guaranteed. 

Thus, the availability of these capabilities is a determining factor for the initiative's success. 
 

- By the Institution  

 

- Management of Stakeholders. This refers to the administration of human resources by the 

institution, which makes the realization of this project possible. Therefore, it is crucial to assign 

the appropriate personnel for each task, guaranteeing the efficiency and success of the initiative. 
 

- Management of resources. This refers to the management of the material and technological 

resources necessary for the execution of the project. Through this management, the correct 

execution of the plan can be ensured, which is essential for the success of the initiative.  

 

D. Identification of Stakeholders 
 

The aim is to identify the people and/or resources involved that facilitate the project management from 

the initial contextualization to the execution of the digital recovery. In this regard, every key stakeholder 

must be recognizedðthat is, those whose participation ensures the success of the initiative. This way, an 

efficient framework for collaboration can be established. Thus, the correct management of the project 

will be possible.  
 

E. Participatory and Interdisciplinary Development of a Comprehensive  
 

- Data collection for 3D modeling 

 

Based on the information compiled through photographic and video captures, the necessary measurement 

data will be obtained. This will allow for the generation of the building's model for its digital 

reproduction. Therefore, in this step, capturing images and videos is fundamental for obtaining precise 

data that makes the creation of the digital model possible.  
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- Recovery of Filmographic and Photographic Material for Modeling  
 

Starting from the need to obtain a better understanding of how the original model of the historical 

property looked, a collection of filmographic and photographic data is required from the people involved. 

This allows for having a detailed visual record of its appearance. Therefore, collaboration with the 

stakeholders for the compilation of visual material is a crucial step for the digital recovery of the building.  
 

- Design of the Digital Recovery User Profile  

 

Through segmentation, the target audience for the project is determined. The purpose of this process is 

to understand who the project is aimed at in order to generate effective communication with that 

audience. This is why segmentation is crucial for properly orienting the communication strategy.  
 

- Relationship and Participation of Stakeholders  
 

This is why the relationship that exists between the stakeholders and the level of influence that each one 

exerts on the project must be identified. Furthermore, this identification is necessary to understand the 

possible changes that can be generated in the interactions and that will result in the digital recovery. 

Therefore, the analysis of key actors and their influence is fundamental to ensure the success and stability 

of the project.  

 

F. Collective and Precise Diagnosis of Challenges 

  

The collective diagnosis of challenges is carried out with the purpose of generating a shared context with 

various people involved in the project. Through this process, it is possible to obtain a more complete 

panorama of the problem. That is why collaboration is fundamental to achieve an integral understanding 

of the challenges presented.  

 

G. Harmonization of Efforts Among Instituti ons 
 

A good relationship and the union of efforts between the institutions involved are crucial for carrying out 

the project with the aim of creating an adequate interaction of information. That is why cooperation is 

necessary to ensure a good outcome. Likewise, efficient collaboration guarantees that the exchange of 

data is carried out optimally, which directly impacts the final result of the digital recovery. 

 

H. Design of Route 
 

- Work Plan 
 

For the realization of the project, a document is generated that breaks down all the necessary elements to 

carry out the digital recovery. The purpose of this document is to clearly determine the tasks, those 

responsible, the activities, the timelines, and the available resources. Through this work plan, a detailed 

guide for the project's execution is established. Furthermore, the document is essential for keeping all 

stakeholders aligned with the objectives.  
 

- Assignment of Roles within the Digital Recovery  
 

Starting from the need for each participant to understand the function they must fulfill, it is required to 

assign the corresponding responsibility in the development of the augmented reality, from the researchers 

to the assistants. This allows each individual to fulfill their role, which ensures an efficient execution of 

their tasks. Likewise, this clarity in roles facilitates organization and collaboration among all team 

members.  
 

- Model Virtual Elements for Augmented Reality  
 

The modeling of 3D elements is a fundamental step for digitally generating the structure of the historical 

heritage. The purpose of this modeling is to be able to visualize the complete building in a digital 

environment. Furthermore, the modeling of 3D elements allows for a faithful and detailed representation 

of all the elements that made up the structure of the Hacienda, which helps us to generate an adequate 

digital replica. 
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- Develop digital components for their incorporation into modeling 

 

Digital files such as photo retouches, vectorizations, and digital illustrations are generated through an 

editing process, with the purpose of obtaining textures for the visualization of digital recovery in 

augmented reality. 

 

- Adaptation and optimization of files for Augmented Reality  

 

Starting from the necessity of a correct visualization, two key processes must be carried out. The first, 

through which compatibility is ensured, is the adaptation of 3D files. This allows the digital model to 

meet the platform's technical requirements, such as format, dimension adjustment, and structure 

modification. 

 

Likewise, the second process seeks to improve the file's performance with the purpose of 

optimizing it. This optimization is carried out without affecting the visual quality and may include data 

compression, polygon reduction, and texture simplification. 

 

- Handling of Augmented Reality development tools 

 

Once all the modeling and texturing elements have been incorporated, it is necessary to integrate the 

augmented reality tools. Through these tools, various elements can be added, from the visualization of 

spaces to the incorporation of historical sites. Likewise, the augmented reality elements can be created 

within the software designated for this purpose.  

 

- Publication of Augmented Reality  

 

The final step in generating knowledge in augmented reality is its publication. With the purpose of 

sharing information, publication allows education to reach all students. This demonstrates the importance 

of making this knowledge accessible so they can understand it and benefit from it. Thus, the goal of 

disseminating learning widely and effectively is visualized. 

 

I.  Selection of evaluation and tracking tools  

 

Through evaluation and tracking, we can review the elements that need to be improved. That is why two 

tools will be used for this task. 

 

The first are the statistics provided by the augmented reality software, such as the tool's usage 

statistics. Likewise, a survey will be applied to verify the learning and understand the usefulness that the 

tool had for the students. 

 

This reveals the importance of a dual approach to obtaining a complete view of performance. 

However, the combination of quantitative and qualitative data will allow us to make more informed 

decisions. 

 

9. Discussions  

 

The proposed digital recovery strategy is grounded in a structured sequence of steps that require the use 

of advanced computer tools. It is fundamental to address the concern inherent in rapid technological 

evolution. Regarding this point, Ruiz (2002)already noted that "the most important problem of the 

methodology consisted of the danger of its rapid obsolescence." 

 

Unlike the methodology proposed by Ruiz, which was based on the use of AutoCAD to generate 

2D models of floor plans and elevations through files, the current strategy focuses on 3D modeling using 

Maya software. Furthermore, the use of artificial intelligence will be integrated for the recreation of 

certain architectural elements. It is expected that this technology will not incur in upcoming obsolescence, 

but will, on the contrary, demonstrate the capacity for evolution and adaptation to new emerging 

technologies. 

http://www.ugr.es/~jafruiz/Mezquita.pdf
http://www.ugr.es/~jafruiz/Mezquita.pdf
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The viability of these tools is corroborated by previous work, such as that by Barreau, J.-B., et al. 

(2020), which documents the success of the exhibition "Rennes, les vies dôune ville." This study reveals 

that a survey conducted by the Specialized Institute of Culture (France) yielded a favorable result 

regarding the representation of a historical building in 3D modeling.  

 

However, upon contrasting this data with the baseline research conducted for this project, an 

initial disparity is observed: the majority of surveyed students expressed an explicit interest in learning 

about the historical monument.  

 

Even considering this difference, this panorama generates an extremely relevant future projection: 

it not only underscores the potential for success of our digitalization initiative, but also emphasizes the 

necessity and relevance of extending these types of digital recovery projects to multiple buildings or 

monuments in identical circumstances, which confirms the relevance of this methodology.  

 

The proposed digital recovery of the Hacienda de la Encarnación aligns with recent national 

efforts, such as the initiative by Tecnológico de Monterrey and Fundación FEMSA, aimed at the 

digitalization of over one million heritage images (El Porvenir, 2024). This parallelism demonstrates the 

potential of emerging technologies for large-scale cultural preservation.  

 

The results obtained in this research confirm the relevance and necessity of implementing a 

strategy for the digital recovery of the historical-cultural heritage represented by the Hacienda de la 

Encarnación. The findings confirm what was stated in the theoretical framework. 

 

In summary, the discussion demonstrates that the digital recovery of the Hacienda de la 

Encarnación's heritage not only addresses a critical conservation need but also stands as an opportunity 

to strengthen identity, education, and technological innovation from a local perspective with regional 

impact.  

 

10. Results  

 

The perception and knowledge of university students about the hacienda that houses the campus, its 

history, and its cultural relevance.  

 

Knowledge of the Location and the Name 

 

94% of the surveyed students correctly identified the university's location within the grounds of a 

hacienda. However, only 60% know the correct name of the hacienda, which suggests a familiarity with 

the place but a lack of knowledge regarding its official designation.  

 

Reasons for the visit and access  

 

70% of the students have visited the hacienda for reasons unrelated to academic activities. The most cited 

reasons are curiosity and taking photographs, in addition to some classes being held in its facilities. 

However, it is important to point out that there are areas with restricted access, mainly for safety reasons 

due to the structural deterioration of certain parts of the building. 

 

Historical Facts and Perception of the Hacienda 

 

70% of the students state that they know some relevant historical fact associated with the hacienda. 

Among the most recognized events is the filming of Mexican cinema movies, although few remember 

the specific titles. The most mentioned films were "Las Coronelas" and "El Jinete sin Cabeza." 

Knowledge about the hacienda's economic relevance, such as the wood supply or the passage of the 

railway, is scarce among the students. 

 

 

 

 

 

 

https://doi.org/10.4995/var.2020.12653
https://doi.org/10.4995/var.2020.12653
https://elporvenir.mx/cultural/impulsan-la-preservacion-digital-del-patrimonio-cultural/837141
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Perception of the Municipal Historical Context  

 

The students' knowledge of the historical context of the municipality of Nicolás Romero is limited. Most 

only mention the existence of the textile and paper factories, and its role as a setting in the Mexican 

Revolution. Regarding the hacienda, the narratives focus on myths and legends rather than documented 

historical facts.  

 

The Hacienda as Cultural Heritage  

 

A resounding 85% of students consider the hacienda to be a cultural heritage site. Their arguments are 

based on the age and history of the place, and they cite it as a key element of the municipality's identity. 

In their own words: "It is part of the municipality's history, preserves colonial architecture, and recalls 

the economic and social life of other eras. Furthermore, it is a symbol of identity for Nicolás Romero."  

 

Interest in Knowledge and Dissemination 

 

93% of the students expressed an active desire to visit the hacienda and delve into its history, with the 

aim of seeing it as it was in its beginnings. 95% consider the dissemination of its history and cultural 

value to be fundamental. They argue that this dissemination creates a connection with other histories, 

fosters university and municipal identity, and can promote actions for its conservation and restoration as 

historical-cultural heritage.  

 

The second interview, of utmost importance for the research, was conducted with the chronicler 

of the municipality of Nicolás Romero, Dr. Gilberto Vargas Arana. This arrangement was possible thanks 

to the direct support of the Municipal President, Lic. Yoselin Nayeli Mendoza Ramírez, which facilitated 

access to specialized information of high historical value.  

 

The main objective of this interview was to deepen the knowledge of the historical site of the 

Hacienda de la Encarnación. Specifically, the goal was to learn about the background of previous 

attempts at the property's recovery and to obtain a general historical overview, including its founding, 

evolution, and the most significant events that have marked its history. 

 

11. Conclusions 

 

The implementation of a digital recovery strategy for the Hacienda de la Encarnación is not just a 

technological project, but a cultural and educational incentive. The findings presented in the previous 

analysis show a significant gap: while there is a high perception of the hacienda as cultural heritage, 

detailed knowledge about its history, economy, and relevant facts of the municipality is limited among 

both the student population and the local community. 

 

Ultimately, a strategy for the digital recovery of the hacienda's historical-cultural heritage is not 

only a valuable tool for preservation, but also sets a fundamental precedent for future initiatives in the 

region and beyond, being crucial for:  

 

- Promote Knowledge: generalizing access to history, converting data into a coherent and attractive 

narrative for everyone.  

 

- Drive Conservation: by generating greater awareness and appreciation for the Hacienda, the 

community is motivated to participate in its protection and physical preservation.  

 

- Foster Identity: It helps students connect with the history of their university and their 

municipality, creating a sense of belonging and pride.  

 

- In summary, the digital strategy not only preserves the past but also builds a more informed and 

connected future for the university community and the municipality of Nicolás Romero.  
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Abstract  

 

Artificial Intelligence (AI) is profoundly reshaping architectural knowledge and design practices. This 

article reexamines the Villard de Honnecourt gridða medieval geometric deviceðthrough the lens of 

generative algorithms and machine learning tools. When integrated into AI-assisted workflows, this 

historical system reveals new projective and interpretive potential. Drawing on an interdisciplinary 

framework that bridges art history with computational design, the study explores the ethical, technical, 

and creative dimensions of this fusion. Case studies from the Universidad Autónoma de Ciudad Juárez 

illustrate how students reinterpret the grid in studio settings, generating hybrid processes that connect 

geometric reasoning with digital production. This critical reactivation of the grid situates it not as a relic 

but as a cognitive and pedagogical tool. Ultimately, the article opens a dialogue between contemporary 

technologies and classical design principlesðsuch as proportion, order, and beautyðadvancing a model 

for the responsible, critical, and innovative application of AI in architectural education and practice. 

 
From Medieval Grids to Artificial Intelligence: Geometric Tools in Architectural Education and 

Practice 

Objectives Methodology Contribution 

Reexamine the Villard grid as a 

cognitive and design tool within 

AI-assisted architectural 

education. Establish connections 

between medieval geometry and 

digital workflows. 

Qualitative approach combining 

historical analysis, 

interdisciplinary theory, and case 

studies from UACJ design 

studios. Emphasis on interpretive 

and projective applications. 

Proposes a hybrid design 

pedagogy grounded in classical 

geometry and AI. Advances 

ethical and creative frameworks 

for applying AI to architectural 

theory and practice. 

 

Villard Grid, Artificial Intelligence, Architectural Education  

 

Resumen 

 

La inteligencia artificial (IA) está transformando profundamente el conocimiento y la práctica del diseño 

arquitectónico. Este artículo reexamina la retícula de Villard de Honnecourt ðun dispositivo geométrico 

medievalð a través del lente de los algoritmos generativos y modelos de aprendizaje automático. Al 

integrarse en flujos de trabajo asistidos por IA, este sistema histórico adquiere nuevas posibilidades 

interpretativas y proyectuales. Desde un enfoque interdisciplinario que vincula la historia del arte con el 

diseño computacional, el estudio explora las dimensiones éticas, técnicas y creativas de esta fusión. Casos 

de estudio en la Universidad Autónoma de Ciudad Juárez muestran cómo los estudiantes reinterpretan la 

retícula en entornos de clase, generando procesos híbridos que conectan el razonamiento geométrico con 

la producción digital. Esta reactivación crítica posiciona la retícula no como una reliquia, sino como una 

herramienta cognitiva y pedagógica. Finalmente, se establece un diálogo entre tecnologías 

contemporáneas y principios clásicos del diseño como proporción, orden y belleza. 

 
De la retícula medieval a la inteligencia artificial: herramientas geométricas en la enseñanza y 

práctica arquitectónica 

Objetivos Metodología Contribución 

Re-examinar la ret²cula de 

Villard como herramienta 

cognitiva y de dise¶o en la 

educaci·n arquitect·nica asistida 

por IA. Establecer conexiones 

entre geometr²a medieval y flujos 

digitales. 

Estudio cualitativo con an§lisis 

hist·rico, marco te·rico 

interdisciplinario y casos de 

estudio en talleres de dise¶o de la 

UACJ. £nfasis en aplicaciones 

proyectuales e interpretativas. 

Propone una pedagog²a h²brida 

del dise¶o basada en la geometr²a 

cl§sica y la IA. Desarrolla marcos 

®ticos y creativos para aplicar la 

IA en la teor²a y pr§ctica 

arquitect·nica. 

 

Retícula de Villard, Inteligencia Artificial, Educación Arquitectónica 
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Introduction  

 

Artificial Intelligence (AI) has emerged as one of the most disruptive technological forces of the 21st 

century, transforming not only how architecture is designed but how architectural knowledge is 

conceived, taught, and practiced. In this context, the need to critically reassess historical tools becomes 

urgent. Rather than discarding classical frameworks, this chapter reclaims the Villard de Honnecourt 

gridðan emblematic geometric system from the 13th centuryðas a methodological bridge between 

analog tradition and digital innovation. 

 

Unlike other studies that focus strictly on technical performance or parametric design, the present 

work introduces an interdisciplinary and pedagogical perspective. It demonstrates how a medieval 

diagram can be repurposed as an interface for teaching proportion, order, and spatial reasoning within 

AI-supported design workflows. This grid is not merely a drawing aid; it embodies a philosophical 

structure rooted in harmony, number, and logic. The central hypothesis asserts that, when reactivated 

through machine learning tools and generative algorithms, the Honnecourt grid not only preserves its 

geometric integrity but gains new interpretive and projective capacities. Thus, AI does not replace 

historical knowledgeðit amplifies it. 

 

This chapter is structured as follows: 

 

- Section 2 contextualizes the historical and philosophical foundations of the grid. 

- Section 3 explores the intersection of art history and digital technology. 

- Section 4 presents the methodology, including case studies from the Universidad Autónoma de 

Ciudad Juárez. 

- Section 5 discusses key findings on student learning outcomes. 

- Sections 6 and 7 analyze pedagogical and ethical implications, followed by concluding remarks. 

 

Development of headings and subheadings of the chapter with subsequent numbers 

 

1.Introduction 

2. Historical and Symbolic Foundations of the Villard Grid 

2.1 Medieval Geometry and Its Transmission 

2.2 Symbolism, Proportion, and Sacred Architecture 

2.3 The Tetraktys and Pythagorean Influence 

3. From Drawing to Data: Conceptual Bridges Between Past and Present 

3.1 Geometry as Epistemology 

3.2 The Grid in the Age of Algorithm 

3.3 Reframing Symbolism in Contemporary Digital Tools 

4. Educational Applications and Methodological Framework 

4.1 Studio-Based Learning Environments 

4.2 Project-Based Strategies Using Midjourney, AutoCAD, and Canva 

4.3 The Reflective Process and Design Thinking 

5. Case Studies and Design Outcomes 

5.1 Student Projects 2018ï2024 at UACJ 

5.2 Visual Results and Reinterpretation of Historical Grids 

5.3 Dialogue Between Manual and Digital Reasoning 

6. Pedagogical Impact and Critical Reflection 

6.1 Hybrid Learning and Ethical Awareness 

6.2 Reclaiming Drawing as Intellectual Practice 

6.3 Symbolic Logic in Design Education 

7. Conclusions and Future Perspectives 

7.1 Educational Contributions of the Honnecourt Grid 

7.2 Innovation Without Obsolescence 

7.3 Potential for Broader Curricular Integration 
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Products in Development (Derived from the Chapter) 

 

2. Historical and Symbolic Foundations of the Villard Grid 

 

The Villard de Honnecourt grid occupies a distinctive position within the intellectual history of 

architectural drawing. Rather than a merely operational instrument, it expresses a medieval epistemology 

in which geometry, symbolism, and craft knowledge constituted an integrated system. Recent 

historiographical contributions demonstrate that medieval diagrams should not be interpreted as primitive 

precursors to Renaissance theory, but as autonomous cognitive tools that shaped how knowledge was 

produced and transmitted [Avermaete & Hurx, 2019; Kruft, 1994]. This aligns with Benjaminôs analysis 

of technological mediation and reproducibility, illuminating how visual artefacts acquire epistemic 

agency across historical periods [Benjamin, 2003]. 

 

Understanding the Villard grid in this broader intellectual lineage reveals its continued 

pedagogical relevance, particularly in design contexts influenced by digital tools and AI-based 

workflows. The proportional and recursive qualities embedded in the grid resonate strongly with 

contemporary algorithmic structures and parametric thinking [Avermaete & Hurx, 2019].Thus, revisiting 

the grid provides a theoretical foundation for anchoring technological innovation within culturally 

grounded and historically informed frameworks. 

 

2.1 Medieval Geometry and Modes of Transmission 

 

Medieval architectural pedagogy emerged through embodied, workshop-based modes of knowledge 

transmission in which drawing served as the primary method of reasoning. Villard de Honnecourtôs 13th-

century sketchbook exemplifies this visual-cognitive tradition: a corpus of diagrams, proportional 

studies, and mechanical inventions presented largely without textual explanation. This absence, rather 

than signalling theoretical deficiency, reflects a reliance on visual thinking as a vehicle for conceptual 

articulation [Kemp, 1992]. 

 

Medieval practitioners externalised reasoning through geometry, organising spatial and 

perceptual understanding via schematic construction. This resonates with Schºnôs notion of reflection-

in-action, in which drawing becomes a site for iterative interpretation and decision-making [Schön, 

1983]. It also parallels Creswellôs assertion that qualitative interpretation relies on processes of meaning-

making embedded in situated practices [Creswell, 2014]. 

 

From a contemporary perspective, these analog modes of reasoning display conceptual continuity 

with computational processes based on iteration, relational logic, and pattern recognition. The Villard 

grid anticipates these dynamics by offering a proportional scaffold capable of generating multiple spatial 

configurationsðqualities essential in parametric modelling and AI-assisted design environments. 

 

2.2 Symbolism, Proportion, and Sacred Spatial Logic 

 

Medieval architectural culture embedded geometry within theological and cosmological worldviews. 

Harmonic ratios, symmetrical arrangements, and root rectangles served not only structural or aesthetic 

functions but acted as symbolic expressions of divine order [Kemp, 1992]. The Villard grid participated 

in this symbolic logic by articulating relationships between microcosm and macrocosm through 

calibrated divisions and intersecting lines. 

 

Benjaminôs reflections on technical reproduction help contextualise this symbolic continuity, 

underscoring how artefacts can accrue new interpretive layers while preserving conceptual integrity 

across time [Benjamin, 2003]. Such frameworks illuminate why the Villard grid remains pedagogically 

valuable: it cultivates awareness of meaning embedded in proportionðan aspect often overshadowed in 

digital workflows focused on optimisation. 

 

Integrating these symbolic dimensions into design education responds to discussions in 

architectural theory regarding the need to balance computational methods with interpretive depth 

[Breidenich, 2016; Gray, 2022] As AI becomes increasingly prevalent, symbolic logic offers an essential 

counterweight to patterns driven purely by data or visual novelty. 

https://doi.org/10.5334/AH.338
https://books.google.com.mx/books/about/History_of_Architectural_Theory.html?id=OPTfVyHyVW4C&redir_esc=y
https://perio.unlp.edu.ar/catedras/wp-content/uploads/sites/210/2024/04/Benjamin_Walter_La_obra__compressed.pdf
https://doi.org/10.5334/AH.338
https://archive.org/details/scienceofartopti0000kemp
https://www.academia.edu/36335079/Donald_A_Sch%C3%B6n_The_Reflective_Practitioner_How_Professionals_Think_In_Action_Basic_Books_1984_pdf
https://www.academia.edu/36335079/Donald_A_Sch%C3%B6n_The_Reflective_Practitioner_How_Professionals_Think_In_Action_Basic_Books_1984_pdf
https://lccn.loc.gov/2017044644
https://archive.org/details/scienceofartopti0000kemp
https://perio.unlp.edu.ar/catedras/wp-content/uploads/sites/210/2024/04/Benjamin_Walter_La_obra__compressed.pdf
https://doi.org/10.5151/despro-icdhs2016-03_010
https://www.researchgate.net/publication/361372756_An_Introduction_to_the_History_of_Architecture_Art_Design
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2.3 The Tetraktys and Pythagorean Influence 

 

The conceptual foundation of the Villard grid is intertwined with ancient philosophical traditions, notably 

the Pythagorean Tetraktys. This triangular arrangement of the integers 1ï4 embodied divine harmony 

through ratios that governed both musical and architectural composition. Medieval builders adopted these 

harmonic systems, enabling geometry to function simultaneously as structure, symbol, and cosmological 

diagram [Kruft, 1994]. 

 

This symbolic lineage is particularly relevant in contemporary digital contexts. AI systems can 

reproduce formal variation, but without epistemic grounding they risk devolving into mere visual 

experimentation. Symbolic structures such as the Tetraktys provide conceptual constraints that orient 

computational tools toward meaningful design outcomes. This aligns with current discussions on AIôs 

role as collaborator rather than autonomous generator [Elgammal, 2019]. 

 

Moreover, integrating symbolic geometry into AI-assisted pedagogy invites critical reflection on 

how algorithms interpret proportionðraising questions about bias, distortion, and the translation of 

cultural knowledge into computational systems [Hegazy & Saleh, 2023; Oxman, 2017]. 

 

Completely, as emphasised in recent educational analyses, innovative uses of AI must include 

reflective and humanistic frameworks capable of balancing creativity with ethical awareness [Nerantzi 

et al., 2023.The Villard grid, grounded in symbolic logic, offers precisely such a foundation. 

 

3. From Drawing to Data: Conceptual Bridges Between Past and Present 

 

The evolution from analogue drawing systems to digital and AI-assisted design environments has 

transformed the ways in which architectural knowledge is generated, represented, and transmitted. Yet 

this transformation should not be understood as a rupture. Rather, it forms part of a broader continuum 

in which symbolic geometries, such as the Villard de Honnecourt grid, continue to structure conceptual 

reasoning. By examining the grid as a methodological and epistemological device, this section 

investigates how historical forms of visual logic intersect with computational processes, demonstrating 

that traditional geometric frameworks offer critical resources for navigating contemporary technological 

change [Oxman, 2017]. 

 

The conceptual bridges addressed in this section emphasise how drawingðlong treated as a 

reflective and interpretive actðremains central to architectural thinking, even as design workflows 

incorporate generative algorithms and machine-learning models. The Villard grid offers a productive 

lens through which to understand these transitions, illustrating how proportion, relationship, and iterative 

transformation underpin both pre-modern and digital approaches to form-making. 

 

3.1 Geometry as Epistemology 

 

Drawing has historically served as a primary mode of reasoning within architecture. It facilitates the 

externalisation of thought, the testing of hypotheses, and the negotiation between intention and 

representation. Schºnôs [1983] concept of reflection-in-action underscores the role of drawing as a 

dialogic process in which designers engage in cycles of revision and interpretation. In medieval practice, 

this reflective dimension was embedded within diagrammatic systems such as the Villard grid, which 

articulated relationships of symmetry, sequence, and proportion through lines rather than text. 

 

Kruft [1994] emphasises that drawing in pre-modern periods should be considered a theoretical 

structure in its own right. It was not subordinate to written treatises but formed a central mechanism 

through which architectural knowledge was constructed and communicated. In this sense, geometry 

functions epistemologically: it mediates perception, structures conceptual understanding, and shapes the 

logics through which design decisions are made. 

 

 

 

 

 

https://books.google.com.mx/books/about/History_of_Architectural_Theory.html?id=OPTfVyHyVW4C&redir_esc=y
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https://www.scribd.com/document/460956877/290a0f7d-e08a-4434-a480-0510c63e1b36
https://www.researchgate.net/publication/386332016_Creative_ideas_to_use_AI_in_education_A_crowdsourced_collection
https://www.researchgate.net/publication/386332016_Creative_ideas_to_use_AI_in_education_A_crowdsourced_collection
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In contemporary architectural education, where computational tools introduce new forms of 

abstractionðparametric transformations, data-driven modelling, and recursive operationsðthis 

epistemic role of geometry acquires renewed importance. Students must not only learn to operate digital 

tools but also develop the capacity to interpret and guide the logics that underpin them. This position 

aligns with discussions in design research that examine how digital systems reshape authorship and 

conceptual intent [Breidenich, 2016]. 

 

Furthermore, geometry offers an inclusive entry point for design learning in multicultural and 

interdisciplinary environments. Its visual clarity and universal vocabulary support equitable 

participation, facilitating knowledge acquisition without relying solely on linguistic or disciplinary 

expertise. By foregrounding geometry as a cognitive tool, architectural education can foster reflective, 

accessible, and culturally responsive approaches to digital innovation [Gray, 2022]. 

 

3.2 The Grid in the Age of Algorithm 

 

Despite the profound transformation brought about by digital technologies, the grid remains a persistent 

structuring device within architectural design. In historical contexts, grids provided proportion, 

alignment, and spatial anchoring. In contemporary computational environments, they can encode 

variables, constraints, and conditional relationships, functioning as dynamic systems rather than static 

frameworks. 

 

The Villard grid demonstrates remarkable conceptual continuity with these algorithmic 

structures. Its modular divisions, harmonic relationships, and recursive geometries anticipate principles 

that are now foundational in parametric design, including scalability, adaptability, and embedded logic. 

This continuity makes the grid an effective pedagogical tool for introducing students to the relational 

thinking required by computational workflows. 

 

Studio-based experiments conducted between 2018 and 2024 at the Universidad Autónoma de 

Ciudad Juárez revealed how these continuities can be productively mobilised. Students employed 

accessible platforms such as Canva and AutoCAD, as well as AI-enhanced tools like Midjourney, to 

reinterpret the grid within digital contexts. These exercises did not treat the grid as a historical artefact 

but as a conceptual mediator that structured exploration across analogue and digital media. The resulting 

outputs demonstrated how symbolic geometries could orient computational processes, maintaining 

coherence even within generative workflows that tend toward formal variation [Onatayo et al., 2024]. 

 

Such integration resonates with current approaches to AI-assisted design that consider the role of 

machine learning not as a generator of isolated novelty but as a collaborator embedded within reflective 

pedagogical frameworks [Elgammal, 2019; Hegazy & Saleh, 2023]. 

 

3.3 Reframing Symbolism in Contemporary Digital Tools 

 

Digital design environments often privilege efficiency, optimisation, and rapid form generation. While 

these qualities offer significant advantages, they can inadvertently marginalise the symbolic, ethical, and 

interpretive dimensions of architectural practice. Reintroducing historical systems such as the Villard 

grid into digital workflows provides a counterbalance, helping students situate computational tools within 

broader conceptual and cultural frameworks. 

 

This reframing operates on several levels. First, it positions geometry as a language of meaning 

rather than merely a formal instrument. The gridôs proportional logic encourages students to consider 

how spatial relationships communicate ideas and values. 

 

Second, it challenges assumptions embedded in AI systems by requiring students to articulate 

conceptual intent before generating outputs. As Weber et al. [2023], argue, effective humanïAI 

collaboration depends on thoughtful integration, interpretive oversight, and the epistemic clarity guiding 

prompts and decision-making. 

 

Third, symbolic frameworks offer a means of reflecting on the limitations and biases inherent in 

digital tools. By comparing manual, vector-based, and AI-generated iterations, students can identify 

where algorithms misinterpret proportional cues or overemphasise specific formal tendencies.  

https://doi.org/10.5151/despro-icdhs2016-03_010
https://www.researchgate.net/publication/361372756_An_Introduction_to_the_History_of_Architecture_Art_Design
https://doi.org/10.3390/architecture4040046
https://doi.org/10.3390/arts8010026?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.21608/msaeng.2023.291873
https://lutpub.lut.fi/bitstream/handle/10024/168601/weber_et_al_desigining_successful_human-ai_post-print.pdf?sequence=3
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This reflective process fosters critical digital literacy and a more responsible engagement with 

technological tools [Nerantzi et al., 2023]. 

 

In this sense, the Villard grid serves both as a methodological scaffold and as a conceptual lens 

through which digital processes may be interrogated. It exemplifies a pedagogical model in which 

tradition and innovation are not positioned as oppositional forces but as components of a continuous 

intellectual lineage. The shift from drawing to data is therefore not a linear progression but a dialogue 

between symbolic reasoning and computational possibility, each informing and enriching the other. 

 

4. Educational Applications and Methodological Framework 

 

The pedagogical integration of the Villard de Honnecourt grid into contemporary design studios has 

demonstrated that historical symbolic systems retain methodological relevance when embedded within 

hybrid analogueïdigital workflows. This section outlines the educational strategies implemented at the 

Universidad Autónoma de Ciudad Juárez between 2018 and 2024 and situates them within a qualitative 

methodological framework. The approach aligns with interpretative research traditions described by 

Creswell [2014], seeking to understand how students engage with geometric reasoning across different 

representational environmentsðmanual drawing, vector-based modelling, and AI-assisted image 

generationðwhile cultivating reflective and conceptually grounded design practices. 

 

The methodology is informed by pedagogical theories that emphasise experiential learning, 

design thinking, and the analysis of student-generated artefacts. The grid served as an epistemic variable 

through which the relationship between symbolic geometry and computational transformation could be 

examined. These pedagogical interventions were designed not only to teach technical procedures but to 

foster conceptual clarity, spatial intuition, and critical awareness of how digital tools interpret and 

transform geometric cuesðan issue highlighted in recent discussions on AI-supported creative processes 

[Elgammal, 2019]. 

 

4.1 Studio-Based Learning Environments 

 

Studio-based instruction formed the primary pedagogical context for the study. Students began with 

analogue exercises that foregrounded proportional reasoning through the reconstruction of classical 

geometries, including the Golden Ratio, harmonic progressions, and the Tetraktys. These exercises 

introduced the Villard grid as both a compositional scaffold and a conceptual structure for organising 

spatial relationships. By engaging with geometry through manual drawing, students developed 

foundational skills in calibration, alignment, and spatial hierarchy. 

 

The analogue phase also served an interpretative function. Without reliance on computational 

precision, students were required to negotiate proportion visually, confronting the limitations of intuition 

while learning to articulate conceptual intent. This aligns with Schºnôs [1983] understanding of 

ñreflection-in-action,ò in which drawing becomes a cognitive laboratory for testing ideas and refining 

judgement. 

 

As students advanced, the studio environment facilitated the transition to digital tools. The 

emphasis was not on technological mastery per se, but on understanding how geometric reasoning and 

symbolic intent could be translated into new representational logics. This progressive shift from manual 

to digital practice established the basis for hybrid workflows that integrated geometry, design thinking, 

and computational experimentationðan approach consistent with contemporary pedagogical calls for 

flexible and adaptive methodologies in creative disciplines [Nerantzi et al., 2023]. 

 

4.2 Project-Based Strategies Using Midjourney, AutoCAD, and Canva 

 

The second phase of the pedagogical model introduced a series of project-based assignments that 

combined analogue reasoning with digital and AI-enhanced methodologies. Students initially used 

accessible platforms such as Canva and Piktochart to map geometric relationships derived from the 

Villard grid, overlaying modular structures onto visual narratives. These tools provided an inclusive 

introduction to digital composition, particularly for students without prior experience in design software. 

More advanced students expanded this work through vector-based programmes such as AutoCAD, 

enabling precise manipulation of symmetry, layering, and scaling.  

https://www.researchgate.net/publication/386332016_Creative_ideas_to_use_AI_in_education_A_crowdsourced_collection
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The integration of Midjourney further extended the design space by allowing students to test how 

generative algorithms interpret proportional cues embedded in textual prompts. These prompts were 

deliberately linked to geometric parametersðe.g., ñrecursive grid systems,ò ñharmonic proportion,ò or 

ñVillard-based symmetryòðin order to evaluate how AI-generated outputs aligned with or diverged from 

the conceptual intent of the grid. 

 

Such experimentation reflects broader trends in the use of AI within architectural design 

education, where generative tools operate not as autonomous designers but as collaborators requiring 

interpretive oversight [Weber et al., 2023], Additionally, recent analyses show that the rapid evolution 

of AIðfrom parametric exploration to ñmachine hallucinationòðposes both pedagogical challenges and 

opportunities [Hegazy & Saleh, 2023]. 

 

The resulting artefacts reflected a coherent progression from manual reasoning to computational 

elaboration. AI did not replace conceptual processes but instead provided rapid visualisations that 

students could analyse, critique, and refine. This iterative workflow demonstrated that symbolic 

geometries can effectively guide generative processes, ensuring that digital outputs remain anchored in 

conceptual and proportional logic [Onatayo et al., 2024]. 

 

Such strategies also expand technological accessibility. By integrating low-barrier tools alongside 

more advanced software and AI, the methodology accommodated diverse technological literacies while 

maintaining a consistent emphasis on conceptual reasoning. 

 

4.3 The Reflective Process and Design Thinking 

 

Reflection constituted a central element of the pedagogical framework. Each project culminated in a 

critical review in which students compared manual, vector-based, and AI-generated iterations of their 

work. These reflective analyses required them to articulate conceptual continuities and transformations, 

identify misalignments between intention and output, and assess the interpretive role of different tools. 

 

The Villard grid served as a reference structure through which students could evaluate the 

coherence of their design decisions. Its proportional logic provided criteria for assessing spatial 

hierarchy, rhythm, and internal consistency, enabling students to distinguish between formal variation 

and meaningful transformation. This reflective process strengthened metacognitive awareness and 

encouraged students to view design not simply as form generation but as conceptual articulation. 

 

Ethical considerations were also foregrounded. Students examined how AI systems could distort 

symbolic relationships, perpetuate biases, or obscure authorship. These discussions contributed to 

broader educational objectives that emphasise responsible innovation within design education, echoing 

what recent literature identifies as essential competencies for navigating AI-integrated creative 

environments [Elgammal, 2019; Weber et al., 2023]. 

 

Overall, the methodological framework demonstrated that combining historical geometry with 

contemporary computational tools fosters conceptual rigour, reflective practice, and inclusive learning 

environments. It supports a pedagogical model in which symbolic reasoning and technological 

experimentation reinforce rather than oppose one another, offering a robust foundation for future 

developments in architectural education. 

 

5. Case Studies and Design Outcomes 

 

Students were first introduced to the Villard grid through analogue exercises that emphasised 

proportional reconstruction and interpretative drawing. Using compasses, straightedges, and freehand 

techniques, they explored geometric relationships inspired by medieval traditions, including harmonic 

sequences and configurations derived from the Tetraktys. This initial stage prioritised perceptual 

sensitivity and conceptual grounding over technical precision, enabling students to understand geometry 

as a cognitive and methodological process rather than as a merely descriptive toolðan approach 

consistent with the role of visual reasoning described by Kemp [1992]. 
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https://archive.org/details/scienceofartopti0000kemp


65 

 

 

As the semester progressed, students transitioned to digital platforms. Tools such as Canva and 

Piktochart served as accessible entry points into vector-based representation, allowing students to 

translate hand-drawn diagrams into layered compositions. These applications supported the organisation 

of geometric modules, text, and symbolic cues in a way that preserved the conceptual logic of analogue 

studies while enabling digital refinement. Such transitions mirror observations within design pedagogy 

regarding the value of historical frameworks in supporting creative methods [Breidenich, 2016; Gray, 

2022]. 

 

For students with greater technical fluency, software such as AutoCAD or Illustrator provided 

opportunities to expand the geometric structures into more complex arrangements. Beginning in 2021, 

AI interfaces like Vizcom and Midjourney added a speculative dimension to the workflow. Rather than 

replacing design thinking, these systems were introduced as interpretative collaborators capable of 

generating visual variations based on textual prompts derived from geometric principles. This aligns with 

contemporary analyses that position AI as an augmentative partner rather than an autonomous designer 

[Elgammal, 2019; Hegazy & Saleh, 2023]. 

 

Students examined how AI interpreted or misinterpreted proportional cues, using these outcomes 

to refine their own understanding of symbolic reasoning. Across the six-year period, students 

demonstrated increasing capacity to articulate how the Villard grid influenced their decisions, both 

procedurally and conceptually. Their work illustrates that historical systems can integrate naturally into 

technologically diverse learning environments, even for students with varying levels of prior digital 

experienceðan outcome also recognised in broader studies of AI integration in architectural education 

[Onatayo et al., 2024]. 

 

5.1 Student Projects 2018–2024 at UACJ 

 

Students were first introduced to the Villard grid through analogue exercises. Working with compass, 

ruler, and freehand linework, they reconstructed proportional systems derived from medieval traditions, 

including geometric relationships informed by the Tetraktys and the Golden Ratio. This preliminary stage 

emphasised spatial rhythm, calibration, and compositional hierarchy. In Schºnôs [1983] terms, drawing 

functioned as ñreflection-in-action,ò allowing students to reason through sketching, refine intuition, and 

recognise proportion as a cognitive process rather than a purely technical skill. 

 

As students progressed, the grid transitioned into digital platforms. Software such as Canva and 

Piktochart enabled accessible translation from analogue diagrams into vector-based compositions. 

AutoCAD and Illustrator offered greater precision, layering, and modular refinement. Crucially, these 

platforms allowed students with varying technological backgrounds to participate meaningfully, aligning 

with inclusive pedagogical principles that widen access to architectural tools. 

 

From 2021 onwards, the integration of AI interfacesðmost notably Vizcom and Midjourneyð

added a new dimension. Here, AI acted not as a generator of arbitrary novelty but as a collaborator, 

producing rapid visual feedback that students evaluated, compared, and iteratively refined. Prompts were 

often structured around geometric cues extracted from the Villard grid, encouraging students to 

understand how symbolic systems could inform or constrain computational generation [Weber et al., 

2023]. 

 

This multimodal approachðhand, vector, and AIðhelped students navigate design spaces that 

combined intuition with algorithmic reasoning, reflecting what Oxman [2017] identifies as the 

ñentanglementò between human intentionality and computational processes. 

 

5.2 Visual Results and Reinterpretation of Historical Grids 

 

The visual outcomes produced through these pedagogical experiments showed consistent evidence of 

symbolic retention, proportional coherence, and conceptual clarity. In analogue sketches, students 

demonstrated control over alignment, rhythm, and hierarchical organisation. These early exercises often 

revealed how geometric scaffoldingðparticularly the Villard gridðsupported perceptual coherence and 

reduced the arbitrariness that can characterise early-stage compositions. 

 

https://doi.org/10.5151/despro-icdhs2016-03_010
https://www.researchgate.net/publication/361372756_An_Introduction_to_the_History_of_Architecture_Art_Design
https://www.researchgate.net/publication/361372756_An_Introduction_to_the_History_of_Architecture_Art_Design
https://doi.org/10.3390/arts8010026?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.21608/msaeng.2023.291873
https://doi.org/10.3390/architecture4040046
https://www.academia.edu/36335079/Donald_A_Sch%C3%B6n_The_Reflective_Practitioner_How_Professionals_Think_In_Action_Basic_Books_1984_pdf
https://lutpub.lut.fi/bitstream/handle/10024/168601/weber_et_al_desigining_successful_human-ai_post-print.pdf?sequence=3
https://lutpub.lut.fi/bitstream/handle/10024/168601/weber_et_al_desigining_successful_human-ai_post-print.pdf?sequence=3
https://www.scribd.com/document/460956877/290a0f7d-e08a-4434-a480-0510c63e1b36
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Digital reinterpretations introduced further layers of complexity. Students used vector tools to 

refine proportional relationships, adjust module size, and incorporate text and annotation. These digital 

overlays allowed for precise manipulation of the geometric logic embedded in the grid and facilitated 

cross-platform continuity between analogue and digital environments. 

 

The introduction of AI expanded the representational possibilities of the grid. When students 

crafted prompts drawing explicitly on geometric terminologyðsuch as ñrecursive symmetry,ò ñharmonic 

progression,ò or ñVillard-derived modularityòðMidjourney generated speculative visualisations that 

echoed medieval logic while experimenting with contemporary aesthetic forms. These images did not 

replace manual or vector-based work; rather, they acted as comparative references through which 

students could trace conceptual shifts, identify distortions, or evaluate the coherence of algorithmic 

outputs. This process aligns with discussions on how AI-mediated outputs require reflective 

interpretation to avoid superficial formalism [Hegazy & Saleh, 2023]. 

 

Overall, the hybrid compositions revealed that the Villard grid supported consistent visual 

reasoning across analogue, vector, and AI environments. The strongest results maintained continuity 

from one representational mode to another, demonstrating that symbolic geometry can function 

effectively as a conceptual anchor in technologically varied workflows. 

 

5.3 Dialogue Between Manual and Digital Reasoning 

 

One of the most significant outcomes of this multi-year study was the emergence of a reflective dialogue 

between manual and digital modes of reasoning. Students did not perceive analogue drawing and 

computational tools as competing methodologies; instead, they understood each to offer distinct 

epistemic contributions. Manual drawing fostered intuitive engagement with proportion, alignment, and 

spatial rhythm, while digital tools enabled compositional precision, iterative refinement, and scalable 

transformation. 

 

AI added a third register to this dialogue. Its capacity for rapid variation broadened the design 

space, but it also required careful interpretative oversight. Students learned to position AI outputs within 

a critical framework, assessing how the machine responded to geometric cues and determining when its 

interpretations reinforced or diverged from the conceptual foundations established during the analogue 

phase.  

 

This reflective dynamic resonates with Oxmanôs [2017] description of hybridised creative 

processes in which meaning emerges from the interaction between human judgement and computational 

agency. This iterative movement between hand, vector, and AI strengthened studentsô understanding of 

design as a process of translationðmoving from intuition to computation, from symbolic structure to 

digital elaboration, and from historical reference to contemporary speculation. Such reflective 

engagement aligns with constructivist and design-thinking pedagogies, which emphasise iterative 

experimentation, critical comparison, and the synthesis of tacit and explicit knowledge. 

 

The case studies collectively demonstrate that symbolic geometries remain pedagogically potent. 

The Villard grid supported not only formal coherence but also conceptual depth, providing students with 

a means to navigate technological complexity while maintaining interpretative clarity. The results affirm 

that tradition and innovation need not be positioned as oppositional forces; when thoughtfully integrated, 

they form a generative continuum through which architectural knowledge can be reinterpreted and 

expanded. 

 

6. Pedagogical Impact and Critical Reflection 

 

The integration of the Villard de Honnecourt grid into analogue, digital, and AI-assisted design processes 

generated a hybrid pedagogical model that enhanced conceptual reasoning, spatial cognition, and ethical 

awareness. The longitudinal experiments conducted between 2018 and 2024 demonstrated that students 

benefit from engaging with multiple representational systems, each of which validates and challenges 

different dimensions of geometric understanding. This section synthesises the pedagogical implications 

of these findings, emphasising the relevance of symbolic geometry as both a methodological and 

epistemological anchor in contemporary architectural educationða position consistent with broader 

discussions on hybridised creative processes in design [Oxman, 2017]. 

https://doi.org/10.21608/msaeng.2023.291873
https://www.scribd.com/document/460956877/290a0f7d-e08a-4434-a480-0510c63e1b36
https://www.scribd.com/document/460956877/290a0f7d-e08a-4434-a480-0510c63e1b36
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6.1 Hybrid Learning and Ethical Awareness 

 

The hybrid methodological approach encouraged students to work fluidly across manual drawing, vector 

illustration, and AI-generated imagery. By juxtaposing these tools, students could compare how each 

medium encoded geometric logic, reshaped proportional relationships, or influenced the interpretation 

of spatial order. This comparative analysis exposed them to the methodological variables central to the 

study: 

 

1. Manual drawing versus AI generation, 

2. Geometric symbolism versus computational pattern-making, 

3.  Traditional pedagogy versus hybrid digital methods. 

 

This analytical engagement cultivated heightened ethical awareness. Students critically examined 

how algorithmic systems interpret or distort geometric cues, prompting discussions about authorship, 

transparency, and the limitations of generative modelsðconcerns widely documented in studies of AI-

assisted creative workflows [Elgammal, 2019]. Several students noted that AI could misrepresent 

symbolic structures or overemphasise certain formal tendencies, underscoring the need for interpretive 

oversight rather than passive reliance on automated outcomes. 

 

Additionally, the hybrid methodology broadened access to technological learning. Students with 

limited experience in modelling software were able to participate meaningfully through tools such as 

Canva and AI-based generators. This inclusivity reflects current educational perspectives advocating for 

democratic access to digital tools and ethically informed pedagogies [Nerantzi et al., 2023]. By grounding 

experimentation in historical geometry, the methodology ensured that symbolic reasoning remained 

central, irrespective of technological proficiency. 

 

6.2 Reclaiming Drawing as Intellectual Practice 

 

Although digital and AI-based tools expanded studentsô representational possibilities, manual drawing 

retained a foundational role. Early exercises revealed that drawings produced without geometric 

scaffolding often exhibited inconsistencies in scale, hierarchy, and compositional clarity. In contrast, 

drawings informed by the Villard grid displayed coherence, intentionality, and a clearer articulation of 

spatial logic. 

 

Reconstructing the grid required students to engage with geometry through an iterative, embodied 

processðmeasuring, adjusting, and calibrating spatial relationships. Drawing thus functioned as a mode 

of inquiry, echoing Schºnôs [1983] characterisation of reflective practice. Students encountered geometry 

not as a static set of rules but as a generative and interpretive system. 

 

Digital tools extended rather than diminished this reflective foundation. Hand-drawn grids were 

translated into vector-based structures, enabling systematic refinement through changes in scaling, 

layering, symmetry, and spatial rhythm. AI-generated iterations added an additional interpretive layer, 

revealing how conceptual decisions could be amplified, challenged, or reframed by computational 

processes. This dynamic reflects what Hegazy & Saleh [2023] describe as the dual potential of AI to both 

expand and destabilise design reasoning. In the strongest cases, the lineage from manual drawing to AI-

generated imagery remained perceptible, demonstrating that conceptual clarity can guide technological 

transformation rather than be overshadowed by it. 

 

6.3 Symbolic Logic in Design Education 

 

One of the most significant contributions of the methodology was the reintegration of symbolic logic into 

design pedagogy. Students learned to identify underlying harmonic structuresðsuch as the Tetraktys, 

the golden ratio, and recursive gridsðand to deploy them as conceptual devices rather than as stylistic 

motifs. This approach countered prevailing trends in digital design education that overemphasise formal 

novelty at the expense of interpretive depth. 

 

AI proved especially instructive when prompts were structured around geometric principles. 

Instead of generating arbitrary variations, the algorithms frequently produced outputs aligned with the 

proportional logic embedded in the prompts.  

https://doi.org/10.3390/arts8010026?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://www.researchgate.net/publication/386332016_Creative_ideas_to_use_AI_in_education_A_crowdsourced_collection
https://www.academia.edu/36335079/Donald_A_Sch%C3%B6n_The_Reflective_Practitioner_How_Professionals_Think_In_Action_Basic_Books_1984_pdf
https://doi.org/10.21608/msaeng.2023.291873
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This confirms observations from research on humanïAI collaboration, which argues that 

computational processes must be guided by clear epistemic frameworks to prevent conceptual drift 

[Weber et al., 2023]. 

 

The integration of symbolic logic also encouraged students to situate architectural form within 

broader cultural and philosophical narratives. Geometry became a medium for exploring questions of 

order, hierarchy, meaning, and interpretation. This orientation supports models of technological 

humanism in which digital tools are used to deepen conceptual understanding rather than to accelerate 

productionða perspective echoed in contemporary educational analyses of AIôs transformative potential 

[Nerantzi et al., 2023]. 

 

6.4 Synthesis and Educational Relevance 

 

Across the empirical studies and theoretical reflections, several pedagogical outcomes emerged: 

 

- Historical Geometry (Section 2): Students engaged with geometry as symbolic cognition, 

recognising its interpretive and conceptual dimensions. 

 

- Drawing-to-Data Continuum (Section 3): The Villard grid translated effectively into digital and 

AI-assisted workflows, revealing structural continuity across media. 

 

- Studio Applications (Section 4): Hybrid learning strengthened proportional reasoning, spatial 

clarity, and methodological reflection. 

 

- Design Outcomes (Section 5): AI-supported visualisations retained and, in some cases, enriched 

the symbolic logic embedded in the grid. 

 

Together, these findings indicate that integrating symbolic geometry with accessible digital tools 

and critically guided AI processes enhances studentsô capacity for intentional, reflective, and 

intellectually grounded design work. The methodology affirms that classical geometric systems continue 

to offer pedagogical and epistemic value, functioning as stable frameworks through which technological 

innovation can be meaningfully interpreted. 

 

The hybrid model presented in this chapter thus contributes to wider efforts in architectural 

education to balance computational experimentation with conceptual depth. By cultivating symbolic 

literacy, reflective awareness, and ethical engagement, it positions students to navigate technological 

complexity without relinquishing interpretative responsibilityðresonating with broader discussions on 

hybrid humanïmachine creativity [Oxman, 2017]. 

 

7. Conclusions and Future Perspectives 

 

The analysis developed throughout this chapter demonstrates that the Villard de Honnecourt grid retains 

pedagogical and epistemological relevance within contemporary architectural education, particularly 

when integrated into hybrid analogueïdigital workflows. Rather than functioning as a historical artefact 

confined to medieval design practice, the grid emerged as a conceptual instrument mediating between 

symbolic reasoning and computational transformation. Its capacity to articulate proportional 

relationships, spatial hierarchies, and harmonic structure provides a stable foundation through which 

students can navigate the increasingly complex technological landscape of architectural productionða 

dynamic consistent with broader discussions of hybrid humanïmachine creativity [Oxman, 2017]. 

 

The empirical cases examined in previous sections illustrate that students were able to employ 

the grid as a cognitive scaffold, structuring design decisions across manual drawing, vector-based 

modelling, and AI-generated imagery. Importantly, AI did not supplant conceptual reasoning; instead, 

when guided by clear geometric cues, generative tools contributed to reflective analysis and expanded 

the range of visual possibilities. This aligns with contemporary research emphasising the need for 

interpretive oversight and thoughtful humanïAI collaboration in creative disciplines [Weber et al., 2023]. 

 

https://lutpub.lut.fi/bitstream/handle/10024/168601/weber_et_al_desigining_successful_human-ai_post-print.pdf?sequence=3
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7.1 Educational Contributions of the Honnecourt Grid 

 

The deployment of the Villard grid in studio environments revealed its potential to strengthen conceptual 

clarity and proportional awareness. Students working with the grid consistently demonstrated improved 

control over spatial rhythm, alignment, and hierarchical organisation. Moreover, they reported that the 

grid facilitated a deeper understanding of how formal relationships contribute to architectural intent. 

 

From an instructional standpoint, the grid served as a methodological anchor supporting the 

articulation of design decisions. It provided criteria for evaluating visual coherence across analogue and 

digital iterations, enabling students to distinguish between meaningful transformations and superficial 

variation. As architectural education continues to integrate digital and AI-enhanced tools, such anchoring 

becomes increasingly valuable for cultivating intentionality and critical awarenessðparticularly as AI 

technologies evolve in ways that risk formal novelty without conceptual substance [Hegazy & Saleh, 

2023]. 

 

7.2 Innovation Without Obsolescence 

 

A central outcome of this study is the recognition that technological innovation does not necessitate the 

abandonment of traditional design systems. The Villard grid demonstrates that classical geometry can 

coexist productively with AI-assisted workflows, offering a conceptual foundation that guides 

computational exploration while mitigating potential excesses. This challenges deterministic narratives 

that frame digital technologies as inherently disruptive or as rendering historical knowledge obsolete. 

 

Instead, the chapter positions innovation as an iterative and cumulative process in which new 

tools extend, rather than replace, existing forms of reasoning. AI may accelerate design processes and 

generate formal diversity, but its pedagogical value depends on the conceptual frameworks through 

which it is interpreted. This position is reinforced by analyses of AI as a creative collaborator whose 

outputs acquire meaning only when integrated within reflective and culturally informed design logics 

[Elgammal, 2019]. 

 

Such a balanced perspective supports a model of architectural education that fosters both 

technological fluency and epistemological depthðqualities essential for navigating the evolving 

landscape of professional practice and consistent with methodological orientations toward interpretative 

inquiry [Creswell, 2014]. 

 

7.3 Potential for Broader Curricular Integration  

 

The findings presented here point toward opportunities for extending the integration of symbolic 

geometry and AI-assisted design across architectural curricula. The methodological framework 

employed in this studyðgrounded in iterative experimentation, reflective practice, and comparative 

analysisðcould be adapted for use in advanced studios, theory courses, or interdisciplinary 

collaborations exploring the intersection of computation, representation, and cultural meaning. 

 

Future research might expand the empirical scope of this work by incorporating additional 

symbolic systems, assessing long-term learning outcomes, or examining how students apply these 

conceptual tools in professional contexts. There is also potential for international collaboration aimed at 

developing open-access pedagogical resources that make historically grounded geometric methodologies 

accessible to a broader range of institutions. 

 

As Nerantzi et al. [2023] argue, innovative uses of AI in education require approaches that move 

beyond efficiency to prioritise reflection, ethical engagement, and the reconfiguration of learning 

objectives. The Villard grid offers a compelling foundation for such efforts, positioning symbolic 

geometry as a bridge between the intellectual traditions of the past and the technological possibilities of 

the future. 
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Graphic Set: AI-generated reinterpretations of Villard grids 

 

Pedagogical Model: Diagram of hybrid teaching methodology 

 

Toolbox: Exercises integrating hand-drawing with digital tools 

 

Educational Publication: Guidelines for teaching historical geometry with AI 

 

Including figures and tables-Editable 

 

Box 1 
 

 
 

Figure 1 

The geometric grids of Villard de Honnecourt, created in the 13th 

century, continue to be reinterpreted in modern design, integrating 

tradition and technology 
 Source: Authorôs interpretation based on the proposals of Haslam and Van der 

Graaf. 

 

Box 2 
 

 
 

Figure 2 

 Reinterpretation of the Tetraktys through digital means and AI, as well 

as the variation employed by Villard de Honnecourt  

 Source: Authorôs private archive. 
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Box 3 
 

 
 

Figure 3 

 Applications of Villard de Honnecourtôs Grid in Studentsô Designs 

(2018ï2025) 
 Source: Authorôs private archive. 

 

 

Methodology 

 

This research adopts a qualitative and interpretative methodology, combining historical analysis, 

theoretical inquiry, and empirical observation within academic settings. The core variable is the Villard 

de Honnecourt grid, studied both as a historical-symbolic artifact and as a design structure reactivated 

through AI tools. 

 

The criteria compared include: 

 

- Manual Drawing vs AI Generation 

- Geometric Symbolism vs Computational Patterns 

- Traditional Pedagogy vs Hybrid Digital Methods 

 

Workshops were conducted between 2018 and 2024 at Universidad Autónoma de Ciudad Juárez 

(UACJ), where architecture students explored geometric design through drawing, Midjourney prompts, 

CAD layouts, and Canva syntheses. The approach emphasized design thinking, visual composition, and 

conceptual clarity, integrating analog reasoning with algorithmic projection. 

 

Results 

 

(By Chapter Sections) 

 

Historical Geometry (Section 2) 

 

Students recognized geometric systems as symbolic logic, not merely compositional tools. Engagement 

with the Tetraktys and golden proportions influenced spatial thinking. 

 

Geometry & Computation (Section 3) 

 

The grid was successfully translated into Canva inputs and interpreted as latent data. Visual results 

revealed high fidelity to original symbolic meanings. 

 

 



72 

 

 

Studio Applications (Section 4) 

 

Visual exercises fostered reflective dialogue between manual and digital outputs. Students reported 

enhanced clarity in proportion, sequence, and spatial rhythm. 

 

Educational Contributions (Section 5) 

 

Case studies show that AI did not replace creative judgment; rather, it amplified symbolic clarity. 

Drawings became diagrams of intent and structure. 

 

Conclusions 

 

This chapter reaffirms that the Villard grid can serve as both a pedagogical and epistemological tool in 

digital contexts. AI workflows enriched design education when rooted in symbolic geometric reasoning. 

Key conclusions include: 

 

- Classical geometry remains relevant in shaping conceptual frameworks for contemporary design. 

 

- The integration of AI fosters reflective learning when guided by ethical and historical awareness. 

 

- Symbolic systems like the grid cultivate a non-reductionist, cognitive approach to computational 

tools. 

 

Further improvement lies in formalizing this methodology into open-access pedagogical models 

and expanding case studies across international architecture schools. 

 

In the intersection of education and artificial intelligence, new tensions emerge between 

traditional design thinking and algorithmic automation. This hybridization requires both pedagogical and 

technological fluency. As emphasized by Nerantzi et. al. (2023, p.14), the creative integration of AI into 

educational environments must go beyond efficiency demanding reflective practices, ethical scrutiny, 

and a reconfiguration of learning objectives. Their crowdsourced collection presents diverse perspectives 

and practical approaches that contrast with deterministic or purely technical implementations, reinforcing 

the need for adaptable, culturally grounded strategies and design pedagogy. 

 

Annexes 

 

Box 4 

 

Table 1 

Variables and Pedagogical Criteria 
 

Variable Traditional Approach  AI – Integrated Approach 

Geometry Golden Ratio Tetraktys Generative algorithms 

Tools Compass, pencil CANVA, CAD 

Outcome Drawing grid, symbolic forms Visual synthesis, hybrid outputs 

Reasoning Visual ï spatial logic Pattern recognition + abstraction 

 

  Source:  Box of Comparative Analysis from UACJ Design Studio Exercises (2018ï2024, own elaboration 
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Abstract  

 

Bacillus velezensis is a Gram-positive, endospore-forming bacterium that has gained significance since 

2005 due to its use as a Plant Growth Promoting Rhizobacteria in commercial crops. Research on this 

bacterium has led to the development of agricultural bioproducts or bioinputs that show biocontrol and 

biostimulation effects, contributing to sustainable agriculture.  This chapter, through a bibliographic 

review, highlights scientific findings indicating this prokaryote's ability to inhibit pathogen development 

through various mechanisms, such as the biosynthesis of secondary metabolites with antimicrobial 

activity and its capacity to stimulate protective processes like ISR (Induced Systemic Resistance) and 

SAR (Acquired Systemic Resistance), which are crucial in controlling fungi, bacteria, viruses, and 

nematodes. It also emphasizes its ability to synthesize hormones, such as IAA (indoleacetic acid), which 

plays a crucial role in promoting plant growth, as well as its capacity to colonize roots through biofilm 

formation and enhance the bioavailability of essential nutrients, including nitrogen and phosphorus.  

Understanding bacteria with potential agricultural applications, such as B. velezensis, helps lay the 

groundwork for developing sustainable tools that increase crop productivity while reducing reliance 

on agrochemicals. 

 

 
 

Sustainable agriculture, Plant Growth Promoting Rhizobacteria, Agricultural Bioinputs 

 

Resumen 

 

Bacillus velezensis es un bacilo gram positivo formador de endosporas que desde el 2005 ha tomado 

relevancia por sus aplicaciones cómo Rizobacteria Promotora del Crecimiento Vegetal en cultivos de 

interés comercial. Las investigaciones realizadas en torno a esta bacteria, han resultado en la formulación 

de bioproductos o bioinsumos agrícolas con acción de biocontrol y bioestimulación, lo que contribuye a 

una agricultura sostenible.  

 

En este capítulo se señalan mediante una revisión bibliográfica, los hallazgos científicos que 

apuntan a la capacidad de esta procariota para inhibir el desarrollo de patógenos mediante mecanismos 

diversos, cómo la biosíntesis de metabolitos secundarios con actividad antimicrobiana y su habilidad de 

estimular los procesos de protección cómo la ISR (Resistencia Sistémica Inducida) y la SAR (Resistencia 

Sistémica Adquirida), lo que resulta de gran ayuda en el control de hongos, bacterias, virus y nemátodos. 

También se hace énfasis en su capacidad para sintetizar hormonas como la IAA (ácido indolacético), que 

tiene un papel clave en los procesos de promoción del crecimiento vegetal, además de su destreza para 

colonizar las raíces mediante la formación de biofilm y su contribución en mejorar la biodisponibilidad 

de nutrientes como el nitrógeno y el fósforo.  
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La generación de conocimiento de bacterias con potencial de uso en la agricultura como lo es B. 

velezensis, ayuda a aportar los fundamentos para el desarrollo de herramientas sostenibles que 

contribuyan a incrementar la productividad de los cultivos disminuyendo el uso de agroquímicos.  

 

 
 

Agricultura sostenible, Rizobacterias Promotoras del Crecimiento Vegetal, Bioinsumos agrícolas 

 

Intr oduction 

 

The search for sustainable agriculture that can meet the food needs of a constantly growing population, 

which depends on the use of fertilizers and chemicals, has spurred research into better, environmentally 

friendly alternatives that enable fertilization and pest and disease control for economically important 

plant species (Saeed et al., 2021; Adeniji y Babalola, 2022). 

 

Within this field are PGPR (Plant Growth-Promoting Rhizobacteria), bacteria capable of fighting 

phytopathogens and encouraging the growth of crops of commercial interest (Thepbandit y Athinuwat, 

2024). These microorganisms are found in the rhizosphere, the area surrounding the roots. In this region, 

numerous processes occur, leading to close relationships and symbiotic bonds. Through these, the 

bacteria receive nutrients from root exudates rich in sugars and amino acids. The plants, in turn, benefit 

because PGPR produce phytohormones and secondary metabolites that support their growth, defense, 

and nutrient uptake. (Benaissa, 2024). 

 

One bacterial species known for its role as a plant growth promoter is Bacillus velezensis, a Gram-

positive bacillus that forms endospores and produces secondary metabolites that inhibit phytopathogens. 

This microorganism can also synthesize phytohormones, support nutrient absorption such as phosphorus 

and zinc, and promote ISR (Induced Systemic Resistance). Additionally, it can form biofilms, which help 

it colonize plant roots more effectively (Khan et al., 2020; Adeniji y Babalola, 2022; Mahdi et al., 2022; 

Sharma y Jabaji, 2023).  

 

Due to its broad range of uses, commercial products such as Serenade® ASO have been created, 

which leverage the properties of the B. velezensis QST713 strain to fight infections caused by Pythium, 

Rhizoctonia, and Fusarium when applied as a foliar spray. Initially, this strain was classified within the 

Bacillus subtilis group; however, in 2018, phylogenetic analyses confirmed that it actually belongs to B. 

velezensis, resulting in a more accurate taxonomic classification (Pandin et al., 2018; Bayer Crop Science, 

2025).  
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In the United States, biopesticides based on B. velezensis RTI301 have been proposed for 

controlling pathogens in crops such as corn, cotton, and artichoke (EPA US, 2021). The versatility of 

this bacterium has resulted in its inclusion in various agrobiotechnological products, such as foliar 

fungicides and soil and seed treatments, while also offering solutions tailored to specific crops due to its 

effectiveness against various pathogens (Li et al., 2022a).  

 

The applications of PGPRs in agriculture are increasing with each new study, so the goal of this 

review is to highlight some of the most important aspects of B. velezensis to promote future research that 

can lead to better practices and products for the industry. 

 

1. B. velezensis over time 

 

Since the first strain of this bacterium was isolated from a river in Málaga, Spain, its taxonomy has 

changed several times due to its similarity to other species. The current classification is based on 

molecular tools like genome sequencing. In 2005, strains CR-502T and CR-14 were isolated and 

classified as a new species because they shared less than 20% similarity with other species in the genus. 

In 2011, Bacillus amyloliquefaciens was divided into the subspecies plantarum and amyloliquefaciens. 

In 2015, B. amyloliquefaciens subsp. plantarum was reclassified as Bacillus methylotrophicus. From 

2016 to 2017, due to the similarities among B. amyloliquefaciens subsp. plantarum, B. methylotrophicus, 

and B. velezensis, they were considered a heterotypic synonym, indicating different names but the same 

taxon. (Ruiz-García et al., 2005; Rabbee et al., 2019; Serrão et al., 2024) (Figura 1). 

 

Box 1 

 

 
 

Figure 1 

Description of changes in the taxonomy of B. velezensis over time. Taken 

and modified from Rabbee et al., 2019      

 

2. Applications of B. velezensis 

 

Secondary metabolites are small-molecular-weight compounds that, although not essential for vital 

functions, do participate in specific roles such as fighting pathogens or helping root colonization 

(Fouillaud et al., 2022). Multiple studies show that B. velezensis can produce secondary metabolites, 

including antibiotics that inhibit the growth of various fungi and phytopathogenic bacteria. It can also 

generate phytohormones and enhance nutrient uptake, thereby encouraging plant growth. Additionally, 

it has the ability to activate defense mechanisms such as induced systemic resistance (ISR) and acquired 

systemic resistance (SAR). Its capacity to form biofilms enables better colonization and interaction with 

plant roots (Figure 2) (Wang et al., 2021; Xue et al., 2023; Husna et al., 2023; Lin et al., 2025). 

 

The applications of B. velezensis go far beyond its role as a plant growth-promoting 

rhizobacterium. Recent research has uncovered its potential in various fields. It has been used in 

bioremediation processes, successfully degrading pollutants like the veterinary antibiotic neomycin and 

the herbicide trifluralin, which are commonly present in agricultural soils.  

 



79 

 

 

Its use in aquaculture and swine farming has also been investigated, with studies showing 

promising results when used as a probiotic to enhance the health of fish and pigs by boosting their 

immune systems and encouraging growth. However, one of its main applications is in managing 

agricultural diseases, as it helps decrease the reliance on chemical pesticides and supports sustainable 

farming (Kadiri et al., 2023; Xia et al., 2024; Yang et al., 2025; Villa et al., 2025; Zhao et al., 2025a; 

Zhang et al., 2025a). 

 

3. Secondary metabolites produced by B. velezensis 

 

Rhizosphere bacteria produce secondary metabolites that influence their adaptation to the environment. 

These compounds allow them to interact with other bacteria, defend themselves against threats, and are 

essential for their symbiotic relationship with plants. These substances include peptide antibiotics, 

siderophores, volatile compounds, and phytohormones, which serve to inhibit pathogens or promote plant 

growth (Xu et al., 2019; Yu et al., 2020). 

 

B. velezensis has various mechanisms for producing secondary metabolites, involving enzymes 

such as non-ribosomal peptide synthetases (NRPSs) that produce cyclic lipopeptides like surfactins, 

fengycins, and bacillomycin D. Polyketide synthetases (PKS), on the other hand, contribute to the 

production of polyketides such as macrolactin, bacillaene, and difficidin (Figure 3). This bacterium can 

also produce dipeptides like bacilysin, as well as ribosomally synthesized bacteriocins; these molecules 

have antibacterial activity (Rabbee et al., 2019).  

 

Box 2 

 

 
 

Figure 2 

Mechanisms of B. velezensis in enhancing plant development. The PGPR-

plant relationship starts with colonization, where biofilm formation is 

essential for establishing symbiosis. B. velezensis produces secondary 

metabolites, including antibiotics, siderophores, and phytohormones. It 

triggers protective responses such as ISR and SAR. It also aids in nutrient 

absorption, such as phosphates, and in nitrogen fixation. (Image generated 

in BioRender). 
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Box 3 

 

 
 

 

Figure 3 

Antimicrobial compounds produced by B. velezensis include those 

synthesized by non-ribosomal peptide synthetases (NRPSs) and polyketide 

synthetases (PKSs). Taken and modified from Rabbee et al., 2019 

 

Secondary metabolites, such as the plant hormone indoleacetic acid, function as biostimulants, 

encouraging processes such as root growth, development, as well as seed germination (Anand et al., 

2022; Wang and Yang 2024). According to Erb and Kliebenstein (2020), these compounds are vital for 

plant-microorganism communication, aiding plant growth in both agricultural and natural environments.  

Cyclic lipopeptides 

 

B. velezensis has been widely studied recently for several reasons, with one of the most important 

being its ability to produce substances that inhibit diseases threatening plant species that serve as the 

population's food source (Table 1) (Zheng et al., 2024). Among the most commonly mentioned are cyclic 

lipopeptides, such as surfactins, fengycins, and iturins, which, due to their chemical makeup, target the 

cell membranes of pathogens by binding their lipid part to the microbial bilayer, creating pores that allow 

cellular components to escape, leading to cell death (Saiyam et al., 2024) (Figure 4). 

 

Box 4 

 

Table 1  

Metabolites produced by B. velezensis that inhibit plant pathogen growth 

 
Strain Metabolite Plant pathogen it affects Reference 

FZB42 Difficidin  Xanthomonas oryzae Wu et al., 2015.  

FZB42 Bacilysin Phytophthora sojae Han et al., 2021.  

 B-3 Iturin A Fusarium graminearum Xie, et al., 2023a. 

FB2 Macrolactin Alternaria alternata, Fusarium 

oxysporum and Fusarium solani 

Hammad et al., 2023.  

T7 Bacilysin Phytophthora palmivora Thanh et al., 2023.  

SQR9 Bacilysin Fusarium wilt Li et al., 2025. 

 

Iturins have an aliphatic chain of 14 to 17 carbons and a chiral sequence of 

LeuAspAspLeuLeuAspLeu in their structure (Xiong et al., 2022). Their antifungal mechanism involves 

interaction with the fungal membrane and increased potassium permeability (Maget-Dana et al., 1994). 

Iturin A, combined with cholesterol, can form pores with longer lifespans in lipid membranes.  
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The characteristics of these pores depend on the lipid content of the membrane (Maget-Dana et 

al., 1985). It has been observed that longer acyl chains in iturins help form oligomers that insert into 

target membranes and create pores, leading to enhanced antifungal activity (Malina and Shai, 2005). 

Iturin A can induce oxidative stress, resulting in mitochondrial damage and ultimately cell death (Figure 

4) (Alam et al., 2025; Wang et al., 2020a).  

 

Within the iturin group is also bacillomycin D, which acts on the cell wall and plasma membrane, 

causing cell lysis (Jin et al., 2020). This compound can increase the production of reactive oxygen species 

(ROS) and cellular antioxidant enzymes, such as glutathione reductase and thioredoxin (Gu et al., 2017). 

It has also been shown to promote an increase in intramolecular iron concentration, which activates the 

synthesis of biofilm components and encourages their presence in an ecological niche (Xu et al., 2019).  

Surfactin is known for its surfactant properties because it reduces surface film formation. It consists of a 

cyclic heptapeptide ring with a ɓ-hydroxy fatty acid tail of varying length (Kisil et al., 2023). It can 

inhibit the growth of certain pathogens by inserting its hydrophobic tail into the lipid bilayer, disrupting 

cell membrane tension and causing cell death by lysis (Heerklotz and Seeling, 2007; Saiyam et al., 2024). 

 

Box 5 

 

 
 

Figure 4 

Mechanism of action of lipopeptides produced by B. velezensis. Taken 

from Fazle and Baek, 2020, modified in BioRender 

 

Fengycin consists of a lactone ring within the ɓ-hydroxy fatty acid chain, which contains 14 to 

17 carbon atoms (Armenova et al., 2024). FenA is a gene involved in the fengycin peptide chain. Its main 

function is to catalyze the progressive incorporation of individual amino acids into the correct position 

within the peptide chain (Wu et al., 2007; Zeng et al., 2021). FenD facilitates the addition of acyl groups 

to the fengycin peptide chain, including a fatty acid component. FenD has a domain responsible for 

transferring fatty acids to the thiolation domain. Acylation plays a crucial role in developing fengycin's 

properties, as it provides amphiphilic properties that confer affinity for pathogen membranes (Lin et al., 

2005; Zeng et al., 2021).    

 

On the other hand, lipopeptides such as fengycins, iturins, and surfactins produced by B. 

velezensis ZLP-101 strains have been shown to have an insecticidal effect on Acyrthosiphon pisum Harris 

(pea aphid), which mainly affects legumes (Liu et al., 2024a).  

 

Polyketides 

 

In B. velezensis, the production of polyketides has been identified, including bacillaene, macrolactin, and 

difficidin. The latter has a broad spectrum of activity, capable of combating Gram-positive and Gram-

negative bacteria. In the latter case, its effect has been observed against Ralstonia solanacearum by 

inhibiting protein and DNA synthesis, which triggers a series of problems in genes responsible for cell 

wall formation, leading to loss of cell integrity (Tran et al., 2022). 
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Polyketides consist of monomers that form chains with 6 to 164 carbon atoms in length. They 

originate from ɓ-hydroxyketone or ɓ-hydroxyaldehyde functional groups, which are produced from fatty 

acyl-CoA esters (Gomes et al., 2014). 

 

Bacillaene is an antibiotic known for its effectiveness against a broad spectrum of bacteria. 

Research indicates that it inhibits protein synthesis in prokaryotic cells while leaving eukaryotic cells 

unaffected (Patel et al., 1995; Rungsirivanich et al., 2021; Miao et al., 2024).  

 

In B. velezensis, the production of macrolactin is regulated by the pks2 gene cluster. This 

compound demonstrates antibacterial activity by inhibiting the enzyme peptide deformylase, which 

disrupts proper protein synthesis and functionality (Fazle and Baek, 2020). Macrolactin is synthesized 

from an initial acetyl molecule through the addition of eleven malonyl-CoA units via a reaction known 

as Claisen condensation. This process involves the combination of two ester molecules with a carbonyl 

compound, resulting in the formation of a carbon-carbon bond (Yoo et al., 2006). 

 

Difficidin is a highly unsaturated macrocyclic polyketide (Wu et al. 2015). The polyketide 

synthase responsible for its production is encoded in the dif operon. Difficidin's mechanism of action 

involves inhibiting the synthesis of proteins essential for bacterial cell wall development (Caulier et al., 

2019).  

 

Bacilysin is a dipeptide with antibiotic activity that acts as a protoxin. When hydrolyzed by 

intracellular peptidases, it releases anticapsin, which inhibits glucosamine-6-phosphate synthetase, an 

enzyme essential for the synthesis of glucosamine or N-acetylglucosamine, key components of the 

bacterial cell wall (Islam et al., 2022). This molecule, produced by the FZB24 strain of B. velezensis, has 

shown effectiveness in inhibiting the growth of oomycetes such as Phytophthora sojae (Han et al., 2021).   

Wu et al., 2015, observed that the B. velezensis FZB42 strain damaged the cell walls of Xanthomonas 

oryzae, the causal agent of bacterial blight in rice, by producing difficidin and bacilysin. This caused the 

cells to lose their integrity, leading to rupture and exposing the intracellular components.  

 

4. Production of vegetal growth hormones. 

 

Phytohormones play a crucial role in regulating processes like plant development and growth. They are 

vital for adapting to the environment, as they are involved in responses to both biotic and abiotic stress 

(Yu et al., 2020; Wei et al., 2021).  

 

Phytohormones function as signaling molecules, forming a communication network that allows 

plants to adapt to environmental changes and adjust their development. Plastids and mitochondria play a 

crucial role in regulating various aspects of phytohormone signaling (Bittner et al., 2022).  

 

Previous studies have shown that PGPRs alter root structure, improving nutrient absorption and 

fertilizer efficiency, thereby increasing crop yields (Yu and Sun, 2025).  

 

B. velezensis can synthesize IAA, which enhances root growth, leading to improved nutrient 

absorption and reduced fertilizer use (Mahdi et al., 2022; Zhang et al., 2025b).  

 

The deficiency of substances as important as auxins can be addressed exogenously, either through 

foliar spraying or seed treatment. However, in the search for more environmentally friendly options, the 

ability of some strains of B. velezensis to synthesize indoleacetic acid is noteworthy. These include QA2, 

B26, D103, and YXDHD 1-7, which have contributed to improving the development of species such as 

maize (Zea mays), purple false brome (Brachypodium distachyon), quinoa (Chenopodium), and tomato 

(Solanum lycopersicum) (Mahdi et al., 2022; Sharma et al., 2023; Li et al., 2024; Zhang et al., 2024).  

 

In a study by Choub et al., 2021, the B. velezensis CE100 strain was isolated from the rhizosphere 

of tomato plants. It was observed to be capable of producing indoleacetic acid. When inoculated into 

walnut trees, a significant increase in chlorophyll, nitrogen, and phosphorus content was achieved. An 

increase in rhizome growth and biomass was also observed.  
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The study of the CH1 strain of B. velezensis has identified seven genes involved in indoleacetic 

acid synthesis: trpA, trpB, trpC, trpD, trpE, trpF, and trpG. These genes are related to the tryptophan 

biosynthesis pathway, which serves as a precursor for this phytohormone (Cheng et al., 2024).  

 

Chebotar et al., 2021 analyzed the genome of B. velezensis BS89, and their results showed that 

this strain also contained genes responsible for producing phytohormones such as IAA, antimicrobial 

compounds, siderophores, and hydrolytic enzymes. This demonstrates that studying the genomes of 

PGPRs is essential for understanding the mechanisms that satisfy plant species' growth hormone needs, 

thereby helping reduce reliance on externally applied chemicals.   

 

5. Production of siderophores 

 

Siderophores are low-molecular-weight organic compounds produced by various microorganisms, 

including fungi and bacteria. Their primary role is to capture, transport, and mobilize iron from the 

environment into cells, especially during iron deficiency (Butler et al., 2021; Roskova et al., 2022). 

  

In the case of B. velezensis, several strains have demonstrated a strong ability to produce 

siderophores, especially when iron availability is low (Table 2). 

 

Bacilibactin is one of the siderophores produced by B. velezensis. Its role includes providing the 

plant with the necessary iron while restricting access to iron-dependent microorganisms, thereby 

inhibiting their growth. This molecule has been shown to help control pathogens such as Phytophthora 

capsici, Rhizoctonia solani, and Magnaporthe oryzae, which impact commercially important crops like 

rice (Liu et al., 2024b). 

 

6. Volatile Organic Compounds 

 

Volatile Organic Compounds (VOCs) are lipophilic substances (such as alcohols, alkanes, acids, and 

ketones) containing 20 or fewer carbon atoms and having a low molecular weight. Their low molecular 

weight and high vapor pressure enable them to move easily through air or soil under porous conditions, 

making them simple to apply (Caulier et al., 2019). 

  

Various PGPR species can produce VOCs in response to chemical signals from their 

environment. VOCs prevent pathogen infections by attacking cell walls or inducing ISR in plants (Table 

3) (Chen et al., 2008). 

 

The B. velezensis strain BUZ-14 has been shown to produce isoamyl alcohol, benzaldehyde, 1-

butanol, and 2-nonanone. The effects of various VOCs produced by this strain were evaluated. The results 

indicated that a concentration of 0.05 mL/L of benzaldehyde nearly completely inhibited gray mold 

(Botrytis cinerea) development in post-harvest grapes. However, a dose of 0.1 mL/L also caused 

phytotoxicity, resulting in browning of the grape skin. Isoamyl alcohol was also effective against B. 

cinerea in grapes but required a dose of 100 mL/L. Brown rot caused by Monilinia laxa in apricots was 

also suppressed with a dose of 0.02 mL/L of isoamyl alcohol. The VOC showing the greatest 

effectiveness against blue rot (Penicillium italicum) in mandarins was diacetyl at a dose of 0.025 mL/L 

(Calvo et al., 2020). 

 

Box 6 

 

Table 2 

B. velezensis strains capable of producing siderophores 
 

Strain Characteristics References 

FKM10  This strain, isolated from the rhizosphere of apple trees, produces siderophores that 

enhance iron uptake by plants and combat pathogens like Fusarium verticillioides. 

Wang et al., 2020b.  

GS-1 It produces secondary metabolites, such as the siderophore bacilibatin. Zhang et al., 2022b.  

YL2021  Particularly notable for its ability to synthesize three catechol-type siderophores in M9 

medium, including bacilibatin, under low iron conditions. 

Liu et al., 2024b.  

JM11  Recognized for its efficiency in producing siderophores in agricultural soils. Mahmood et al., 2025. 

Lzh-5  Genomic analysis of this strain revealed the presence of the genetic cluster 

BGC0000309 responsible for bacilibatin biosynthesis. 

Zhao et al., 2025b. 
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Box 7 
 

Table 3 

Strains of B. velezensis that produce volatile organic compounds and exhibit 

their biocontrol activity 
 

Strain VOC produced Pathogens it targets Reference 

ZSY-1 Pyrazine (2,5-dimethyl) A. solani Gao et al., 2017. 

ZSY-1 Pyrazine (2,5-dimethyl) B. cinerea Gao et al., 2017. 

BUZ-14 Benzaldehyde B. cinerea Calvo et al., 2020. 

BUZ-14 Isoamyl alcohol B. cinerea Calvo et al., 2020. 

CE100 3-methylbutanoic acid C. gloeosporioides Choub et al., 2022. 

GJ-7 3-methyl-1-butanol M. hapla Wu et al., 2023. 

 

Another strain with important properties for developing biocontrol products is the ZSY-1 strain, 

which was identified as capable of synthesizing VOCs such as 4-chloro-3-methyl and 2,5-dimethyl that 

can control infections caused by early blight (Alternaria solani) and gray mold (Botrytis cinerea) in 

tomatoes (Gao et al., 2017).  

 

Anthracnose is a disease caused by the fungus Colletotrichum gloeosporioides that mainly affects 

tropical crops (Dean et al., 2012). The B. velezensis CE 100 strain showed 22.6% effectiveness in 

inhibiting this fungus and reduced spore germination and mycelial growth by producing the VOC 3-

methylbutanoic acid (Choub et al., 2021). 

 

Another major problem in crops is nematodes (Li et al., 2015). Efforts to find solutions have 

focused on using PGPRs; an example is the B. velezensis GJ-7 strain, which has proven effective in 

controlling Meloidogyne hapla by producing VOCs like 3-methyl-1-butanol, which achieved a mortality 

rate of 99.7% at a concentration of 10 ɛL/mL within the first four days of treatment (Wu et al., 2023).   

 

7. Systemic Acquired Resistance (SAR) and Induced Systemic Resistance (ISR) 

 

Qin et al., 2025 conducted an experiment in which they inoculated the B. velezensis FZB42 strain into 

cherry seedlings that were previously infected with the Agrobacterium tumefaciens XYT-58 strain. The 

results showed that the bacteria increased the expression of genes related to the production of salicylic 

acid (SA), ethylene, and jasmonic acid (JA), which are associated with ISR and SAR.    

 

B. velezensis in soybean cultivation is effective in triggering plant defense mechanisms against 

nematode infections, as it enhances jasmonate synthesis by regulating key enzymes in the Ŭ-LeA 

metabolic pathway (Hu et al., 2024).   

 

One strain of interest for inducing protective mechanisms is B. velezensis BY6, as it has 

demonstrated the ability to trigger ISR and SAR against pathogens like Armillaria solidipes. When the 

bacterium was inoculated into Korean poplar seedlings previously infected with the phytopathogenic 

fungus, there was increased expression of the genes NPR1 and PR1, which are involved in the salicylic 

acid production pathway (linked to the response against biotrophic pathogens), as well as the genes JAR1, 

JAZ6571, MYC2, and ORCA3, which are involved in jasmonic acid production (linked to the response 

against necrotrophic pathogens) (Zhang et al., 2022a). 

 

8. Nitrogen fixation 

 

The nitrogen fixation ability of PGRPs plays a crucial role in enhancing the qualities that improve crop 

development and performance. It involves capturing atmospheric nitrogen and converting it into 

ammonia, a process that increases soil nitrogen reserves for future use (Timofeeva et al., 2023).  

 

Nitrogen is present in the atmosphere; however, as mentioned above, it must be converted into 

bioavailable forms such as ammonium (NHϞϕ) or nitrate (NOϝϖ) to be absorbed (Zhang et al., 2023). 
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Plant species require sufficient amounts of this nutrient because it is an essential part of proteins, 

nucleic acids, and chlorophyll. To support this process, plants have developed symbiotic relationships 

with soil bacteria. One proposed way to increase nitrogen fixation efficiency is by inducing larger nodules 

in soybeans (Glycine max) through co-inoculation with B. velezensis S141 and Bradyrhizobium 

diazoefficiens USDA110. It was observed that disrupting the dhaS, yhcX, and IPyAD genes, which are 

related to IAA synthesis, and the IPI gene, related to cytokinin biosynthesis, in the S141 strain reduced 

the number of larger nodules. Therefore, it is concluded that the IAA and cytokinin produced by B. 

velezensis S141 helped the rhizobium B. diazoefficiens USDA110 form larger nodules, leading to 

improved nitrogen fixation efficiency (Sibponkrung et al., 2020).  

 

9. Phosphate solubilization 

 

Bacteria of the genus Bacillus alter the physical and chemical conditions of the rhizosphere by releasing 

organic acids such as citric, gluconate, lactic, and oxalic acids, which acidify the environment and 

exchange anions with insoluble phosphates. They also produce phosphatase and phytase enzymes that 

mineralize organic phosphorus, along with chelating agents like siderophores that mobilize related to this 

element (Saeid et al., 2018; Pan and Cai, 2023) (Figure 5). 

 

Several strains of B. velezensis demonstrated remarkable potential in these processes. For 

example, KO1 and QA2 were examined for their ability to solubilize mineral and organic phosphates in 

various soil types, thereby increasing phosphorus availability to plants (Mahdi et al., 2022; Xue et al., 

2023). 

 

One interesting mechanism is the auxin-phosphorus alliance. By inoculating white lupin (Lupinus 

albus) with the strain B. amyloliquefaciens SQR9 (classified as B. velezensis based on genetic analysis 

and comparison by Zhao et al., 2025b, Yu and Sun, in 2025, showed that IAA production in the bacterium 

and the plant under phosphorus-deficient conditions generated signals that trigger the development of 

densely packed lateral roots, known as cluster roots. These structures help increase phosphorus uptake 

by expanding surface area and producing organic acid exudates that solubilize phosphorus in the soil. 

 

One of the strains proposed as a phosphorus-solubilizing agent for commercially important crops 

is B. velezensis G62, which, when inoculated into orange roots, enhanced seedling development. The 

genes glpA (glycerol-3-phosphate dehydrogenase), glp (glycerophosphoryl diester phosphodiesterase), 

glpK (glycerol kinase), phoA (alkaline phosphatase), and phoD (alkaline phosphatase D), involved in 

mineralizing and transporting phosphonates, were identified. The phoR gene (phosphate regulon sensor 

histidine kinase) was also observed to regulate the response to phosphorus deficiency (Zhao et al., 2025c).  

As mentioned in the work of Mosela et al., 2022, the use of strains such as B. velenzensis AG75 helps 

reduce the use of phosphate fertilizers in corn and soybean crops, while also increasing root and shoot 

biomass, without overlooking that, like most strains of this bacterium, it exhibits antimicrobial and 

antifungal activity.  

 

Phytases are phosphatases capable of hydrolyzing phytic acid (Joudaki et al., 2023). They release 

phosphorus from phytate, enabling it to be converted into a form that the plant can absorb (Sharma et al., 

2013). The phY gene, which encodes phytase, has been identified in the B. velezensis SQR9 strain (Shao 

et al., 2015).   

 

Phosphatases participate in dephosphorylating phosphate bonds (Sharma et al., 2013). The 

production of acid and alkaline phosphatases in B. velezensis strain BVPS01 has been confirmed. The 

genes involved are phoC (for acid phosphatases) and phoD (for alkaline phosphatases) (Vitorino et al., 

2024). Another strain reported to produce these enzymes is AR1. Higher levels of alkaline phosphatases 

were observed in medium supplemented with tricalcium phosphate, while higher levels of acid 

phosphatases were found in medium supplemented with aluminum phosphate (Bayisa, 2023). 

 

10. Biofilm formation  

 

Colonization of the plant rhizosphere is a crucial aspect of establishing a PGPR-plant relationship. One 

fundamental mechanism of this process is biofilm formation (Vives, 2020), which begins when bacteria 

adhere to the root, proliferate, and produce an extracellular matrix containing polysaccharides, proteins, 

lipids, and nucleic acids, enabling direct interaction.  
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As a physical barrier with the environment, it helps protect the plant from pH changes, pathogen 

attacks, or adverse conditions. Additionally, by being in contact with the roots, it enhances nutrient 

absorption and promotes the production of secondary metabolites when needed (Gao et al., 2015; 

Muratov et al., 2025).  

 

Genetic engineering has helped us understand some of the mechanisms behind biofilm formation. 

For example, using gene editing with CRISPR-Cas9, the FZB42 strain of B. velezensis has been studied, 

and it has been identified that certain genes are dedicated to the function, formation, and stability of the 

biofilm, such as slrR and sprT (involved in the synthesis of metalloproteinase), since removing them 

weakens the biofilm's integrity (Yang et al., 2023a; Guo et al., 2025). 

 

A practical example of the importance of biofilm is seen in the B. velezensis 118 strain, used to 

control Fusarium in bananas. Its effectiveness relies on its ability to adhere to and colonize roots by 

forming this film, which ensures a stable relationship that allows it to supply the metabolites needed to 

combat the infection (Cai et al., 2025). 

 

Box 8 
 

 
 

Figure 5 

Processes carried out by B. velezensis that promote the availability and 

absorption of phosphorus (Image generated in BioRender). 

 

11. Genome of B. velezensis 

 

One of the most important keys to understanding how B. velezensis works is to understand its genetic 

structure that gives life to all the substances acting as promoters of plant growth (Table 4).   

 

González-León et al., 2024 conducted an analysis of the Bacillus subtilis 160 strain through 

genome sequencing, which identified it as B. velezensis 160. The genome size was determined to be 

4,297,348 base pairs. A notable feature of this bacterium is the presence of various clusters responsible 

for producing antifungals. Notably, unlike other strains, it has three clusters for surfactin production, 

which could explain its ability to reduce the occurrence of corn ear smut caused by the fungus 

Sporisorium reilianum (Mercado-Flores et al., 2014). 

 

Another strain that has been studied is B. velezensis B-4. Its genome was sequenced using SMRT 

technology by Pacific Biosciences, yielding a length of 3,919,798 bp. This revealed that 43.48% of the 

genome is involved in metabolic processes, and 7.78% is directly related to the production of secondary 

metabolites. Seven clusters responsible for synthesizing macrolactin, bacilinae, fengycin, difficidin, 

bacilibatin, and bacilcin were identified. The Kirby-Bauer method was also used to assess its 

effectiveness against Sclerotinia sclerotiorum, Rhizoctonia solani, and Fusarium graminearum, showing 

that this strain can inhibit the growth and proliferation of these pathogens (Zhu et al., 2020). 
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Genetic analyses of the B. velezensis FZB42 strain revealed that the sprT gene encodes a 

polypeptide of 149 amino acids; its deletion diminished swarming and sporulation abilities and lowered 

bacilysin production (Yang et al., 2023a).  

 

Table 4 presents different studies where the genomes of various B. velezensis strains have been 

sequenced. 

 

Box 9 

 

Table 4 

Advances in B. velezensis research through genomic studies 
 

Strain Characteristics Reference 

9912D Genome size is 4,206,167 bp. It contains 19 gene clusters involved in secondary 

metabolite synthesis  

Pan et al., 2017.  

CC09 Genome size of 4.17 Mb. Previously classified as B. amyloliquefaciens. Cai et al., 2017.  

UFLA258 Genome size is 3.95 Mb. Metabolites with antimicrobial properties were 

identified. 

Silva et al., 2019.  

B-4 Genome size of 3,919,798 bp. It has seven clusters involved in producing 

macrolactin, bacilinae, fengycin, difficidin, bacilibatin, and bacilysin. 

Zhu et al., 2020. 

ATR2 Genome size is 4,006,746 bp. The dhb gene cluster, responsible for encoding 

bacilibatin synthase, is analyzed. 

Liang et al., 2021.  

KOF112 Genome size of 3,916,789 bp. Strain isolated from the shoot xylem of Vitis sp. 

cv. Koshu. 

Hamaoka and Suzuki, 

2021.  

FZB42 Genome size is 3,918,596 bp. The sprT gene has been identified as an essential 

factor for biofilm development, swarming, and sporulation. 

Yang et al., 2023a.  

GX0002980 The genome size is 3907,381 bp. It was found to produce substances that inhibit 

C. gloeosporioides. 

Wang et al., 2025.  

YC89 Genome size is 3.95 Mb. Genes associated with IAA production, ISR induction, 

and secondary metabolites were identified.  

Xie et al., 2023b 

GUMT319 Genome size of 3,940,023 bp. Thirteen gene clusters responsible for antifungal 

mechanisms and biofilm formation were identified. 

Ding et al., 2021.  

WB Genome size of 3,940,023 bp. Thirteen gene clusters responsible for antifungal 

mechanisms and biofilm formation were identified. 

Wang et al., 2022.  

JP3042 Genome size is 4,066,227 bp. It was isolated from vineyard soils in California. Palumbo et al., 2022. 

JP3144 Genome size is 4,144,652. It was isolated from vineyard soils in California.  Palumbo et al., 2022 

SC60 Genome size of 3,962,671 base pairs. Contains the trpABFCDE gene cluster that 

encodes the tryptophan precursor of IAA. 

Dong et al., 2022.  

E Genome size of 3,929,247 bp. Thirteen genetic clusters involved in antifungal 

and antibacterial activity were identified.  

Li et al., 2022b.  

MEP2-18 Genome size of 3,944,892 bp; genes encoding phytases were identified. Medeot et al., 2023.  

BIB0110 Genome size is 4.19 Mbp. Genes involved in NRPS synthesis were identified. Carvalho et al., 2023.  

SH-1471 Genome size is 4,181,346 bp. Fourteen genes related to the synthesis of secondary 

metabolites were identified.  

Shen et al., 2023.  

VJH504 A genome size of 3.79 Mb with 12 clusters involved in secondary metabolite 

synthesis was identified. 

Yang et al., 2023b.  

160  Genome size of 4,297,348 bp, of which 2804 participate in the production of 

antibiotics, antifungals, surfactants, and siderophores. 

González-León et al., 

2024.  

IFST-221 Genome size is 3,858 Mbp. Its effectiveness was demonstrated against eight 

species of ascomycetes and oomycetes. 

Liang et al., 2024 

HC-5 Genome size of 4,237,244 bp. It contains ten genetic clusters responsible for 

synthesizing antibiotic compounds.  

He et al., 2024.  

Tcba05 Genome size of 4,027,462 bp. It can inhibit F.. oxysporum. Hung et al., 2025.  

LMY3-5 Genome size is 4.03 Mb. Genes associated with antifungal production were 

identified. 

Ren et al., 2025.  

CIMT3 Genome size of 4,242,144 bp. Strain isolated in Africa. Lee et al., 2025.  

Lzh-5 Genome size is 4,015,817 bp. Thirteen gene clusters responsible for producing 

secondary metabolites were identified.  

Zhao et al., 2025b. 
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Conclusion 

 

As the population grows, the demand for more food has led to higher use of chemical fertilizers and 

pesticides, which harm the environment and cause pathogens to become resistant. Advances in this field, 

supported by genomic and field studies, show the potential of B. velezensis for use in agriculture, helping 

replace chemical inputs. Genetic engineering is an important tool for improving this bacterium's ability 

to produce secondary metabolites of biotechnological value, supporting the development of sustainable 

farming practices. Research on this prokaryote is key to creating products that function as biocontrol and 

biostimulation agents in major crops, and to better understanding the PGPR-plant relationship.  
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Abstract 

 

The nanotechnological application of quantum dots that has gained prominence in the last two decades 

is fluorescence emission bioimaging. However, one of the greatest achievements of nanomedicine is the 

innovative design, synthesis, and application of quantum dots, which have enabled the research and 

development of innovative antineoplastic drug delivery vehicles. The use of nanomaterials, such as CdS-

dextrin quantum dots loaded with antineoplastic drugs, will not only enable the timely diagnosis of 

diseases such as cancer, but also the selective entry into and destruction of cancer cells, causing as little 

damage as possible to healthy tissue. This progress and advancement in nanotechnology now allows 

targeted detection and therapy to be one of the main objectives. However, the interaction that may occur 

between quantum dots and certain blood components following intravenous administration remains a 

focus of concern in preclinical evaluations of nanomaterials and drug delivery. 

 

 

 

Quantum dots, Fluorescence emission, Bioimaging theranostics 

 

Resumen  

 

La aplicación nanotecnológica de puntos cuánticos que ha cobrado relevancia en las últimas dos décadas 

es la bioimagen con emisión de fluorescencia. No obstante, uno de los mayores logros de la nanomedicina 

es el innovador diseño, síntesis y aplicación de puntos cuánticos, que han permitido la investigación y 

desarrollo de innovadores vehículos transportadores de fármacos antineoplásicos. El uso de 

nanomateriales, como los puntos cuánticos de CdS-dextrina cargados con fármacos antineoplásicos, no 

solo permitirá el diagnóstico oportuno de enfermedades como el cáncer, sino también la entrada y 

destrucción selectiva de células cancerosas, causando el menor daño posible a los tejidos sanos. Este 

progreso y avance nanotecnológico permite ahora que la detección y terapia dirigida sean uno de los 

principales objetivos. No obstante, la interacción que pueda darse entre puntos cuánticos y algunos 

componentes de la sangre tras la administración vía intravenosa, sigue siendo un foco de alerta en las 

evaluaciones preclínicas de nanomateriales y la entrega del fármaco. 
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Puntos cuánticos, emisión de fluoreecencia, quantum dots, Fluorescence Emission, bioimagen 

teragnóstica 

 

Introduction  

 

Nanotechnology is one of the most promising sciences in biomedical applications. Nanomaterials 

developed at the nanometric scale have, in addition to their tiny size, extensive optical and molecular 

marking properties. However, the most revolutionary idea and the reason why they are ideal candidates 

for selective drug delivery is their solubility, spectroscopy, and remarkable attributes that allow 

membrane transport (Sevim Ünlütürk, S et al., 2024). These properties are essential to avoid or reduce 

the adverse and toxic effects that drugs can cause in the body. Nevertheless, quantum dots (QD) have a 

promising future, and great advances have been made in the development and implementation of 

nanocarrier systems with the aim of improving the bioavailability, efficacy, and safety of drugs, which 

has led to successful targeted and selective therapies. However, this research ranges from studies showing 

that QD of compounds such as cadmium, oxide, and nickel have caused undesirable effects in some 

animal studies (Shinohara et al., 2017), ranging from lung and kidney damage (Jiang et al., 2010). Even 

so, the molecular mechanisms of nanotoxicity induced by various nanomaterials have not been fully 

explained (Missaoui et al., 2018). These properties are essential for avoiding or reducing adverse effects.  

 

However, QD promise to be an essential tool in nanomedicine.  Despite this, one of the main 

challenges is their biocompatibility. Some authors point out that the characterization of QD, whether 

bioconjugated or not, in vitro and in vivo studies is of great importance, as it will allow the prediction 

and/or evaluation of the effects after interaction with the organism. It has been suggested that, due to 

their nanometric size, these materials can enter cells, regardless of the route of exposure, and triggering 

some effect due to interaction with a biological system. 
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1.1 CdS-Dex quantum dots: a nanotool capable of transporting antineoplastic drugs into cells. 

 

Quantum dots (QD) are colloidal nanocrystals with three-dimensional semiconductor properties on scales 

of 1-10 nm, which emit luminescence of different colors due to quantum confinement effects 

(Ghanbarlou, S. et al., 2025; Kim, T. et al., 2025; Amiri, Z. et al., 2025). It is thanks to these physical, 

chemical, and optical properties that QD are ideal candidates for use as nanotools to improve drug 

delivery to target sites, while their luminescence allows us to track the nanotransporter-drug complex 

within the cell (Henrique, R. B. L. et al., 2024). The bioconjugation of QD appears to be a promising tool 

in nanomedicine. However, among the main challenges for the applications of these nanomaterials are 

their interaction with biomolecules and their physiological stability once inside the body. 

 

The idea of administering antineoplastic drugs in nanocarriers has gained momentum in recent 

decades and has been a challenge in nanotechnology, albeit with very promising results (Cong, X. et al., 

2024, Meng, X. et al., 2024). The main advantages of implementing a system with nanocarriers are 

control over administration, which is more specific and bio-targeted, preventing degradation and 

interaction of the drug with other molecules within the body that prevent it from reaching the site of 

action (Wang, Y. et al., 2025).  

 

In this regard, pharmaceutical research has gone hand in hand with major advances in the 

application and formulation using bioconjugated nanotools with drugs to improve diagnosis and 

treatment. These nanotools, such as quantum dots, could penetrate cells, causing their death. However, 

thanks to decades of our research, we have designed quantum dots bioconjugated with a passivating agent 

that not only allows bioconjugation with antineoplastic drugs but also enables efficient drug delivery 

without tissue damage. 

 

In our working group, we have characterized the bioavailability, disposition, pharmacokinetic 

parameters, biocompatibility, and hemocompatibility of CdS-Dex QD alone and bioconjugates in vitro 

and in vivo assays (Rodríguez-Fragoso, P. et al, 2012; Gutiérrez-Sancha, I. et al., 2015; Reyes-Esparza, 

J. et al., 2015, Rodríguez-López, A., et al. 2016).  

 

However, the design and construction of a bioconjugated CdS-Dex quantum dot capable of 

penetrating a cell or living organism without causing damage requires new in vitro and in vivo studies, 

which we will discuss in this chapter. The objective of this work is to show the evaluation of the effects 

after exposure to CdS-dextrin quantum dots in vitro assays and the pathophysiological effect due to 

interaction with blood biomolecules. 

 

1.3 Quantum dot-cell interaction, physicochemical characteristics based on dose-time and route of 

administration-dependent 

 

Cancer therapy allows us to envision a pharmaceutical approach that combines diagnosis, treatment, and 

disease monitoring (Peng, L. et al., 2024). In this sense, cancer theragnosis is a medical approach that 

combines cancer diagnosis and treatment in a single strategy. In our research with CdS-Dex quantum 

dots, we have observed that quantum dots selectively bind to tumor cells to identify them and then 

administer the antineoplastic drug to destroy them (Rodríguez-Fragoso, P. et al., 2020). Discussing the 

disadvantages of quantum dots does not depend primarily on QD alone or bioconjugated QD, since once 

bioconjugated, QD can form clusters that prevent them from entering the cell, thereby increasing their 

toxicity in the organic system. In addition, the nuclei of QD, for example those of Cd, are known to be 

very toxic in some cells (De la Cruz, G. G., Rodríguez-Fragoso, L., Rodríguez-Fragoso, P., and 

Rodríguez-López, A. 2024). Although quantum dots are small enough to enter the cell, this entry is not 

dependent on the route of administration.  

 

However, they do depend on their properties, such as size and shape like those of biomolecules, 

which allow them to interact easily with an organ system (Rodríguez-López, A. 2016). The boom in the 

multiple uses and benefits of these nanomaterials could lead to new biological interactions and 

unforeseen toxicity. Different doses and concentrations must be evaluated so that they can be applied in 

living systems in the future and their effect can be assessed depending on their size, properties, and 

surfaces. 
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1.4 Interaction of CdS-Dex quantum dots with platelets and their effect on platelet aggregation and 

morphological changes 

 

In our hemostasis system, there are components such as platelets, which play a key role in bleeding and 

vascular injuries. When these platelets are affected, their number can decrease considerably and cause a 

risk of clot formation or vascular damage leading to thrombosis (Schulman, S. et al., 2024; Tian, Y. et 

al., 2025). Platelets circulate in the blood, are approximately 3.6 to 0.7 µm in size, and can undergo 

morphological changes when they interact with an external agent.   When platelets are activated, a 

hemostatic platelet plug forms and sometimes damages the vascular endothelial tissue (Yan, M., Wang, 

Z., Qiu, Z., Cui, Y., & Xiang, Q., 2024).  

 

However, platelets have granules (dense, Ŭ granules, and lysosomes) that, when active, further 

stimulate platelet activity and, therefore, the mechanisms by which they regulate hemostasis (Li, C., Li, 

J., & Ni, H., 2020). Although these mechanisms have not been entirely clear, they are known to be 

involved in innate immunity, fighting external agents and pathogens (Setarehaseman, A., Mohammadi, 

A., & Maitta, R. W., 2025; Wong, R. S. Y., & Cheong, S. K., 2024).  When platelets are affected by 

interaction with quantum dots, it is suggested that this may alter the body's hemostasis. In other words, 

platelets may undergo adhesion, activation, and aggregation. For example, there are reports on CdSe 

quantum dots increasing platelet aggregation caused by different concentrations of CdSe quantum dots 

(Dunpall, R. et al., 2012). These effects on platelets can cause platelet deceleration and prevent platelets 

from circulating normally in the bloodstream. In other words, platelets go from their inactive (normal) 

state to an active state, which involves significant morphological and physiological changes. 

 

Quantum dots are a tool that promises to deliver antineoplastic drugs selectively and specifically 

without adverse effects. However, administering quantum dots systemically could generate effects 

caused by interaction with blood components. Our research group at the Facultad de Farmacia UAEM, 

in collaboration with the Departamento de física del CINVESTAV, has undertaken the task of designing 

nanomaterials for use in disease diagnosis, treatment, and prevention. Our CdS-Dex QD have been shown 

to be less cytotoxic than other nanomaterials, as well as bioavailable, biocompatible, and 

hemocompatible. 

 

1.5 Evaluate the effect of CdS-Dex quantum dots on platelet interaction. 

 

To evaluate the effect of CdS-Dex quantum dot interaction, blood from healthy male Wistar rats (20) 

(100-150 g) (Bioterio CÍRCULO ADN S.A. de C.V.) was used, with controlled light and temperature 

(22±1°C). They were fed water and rodent diet ad libitum. All our experimental procedures followed the 

Institutional Guidelines for Animal Practice and the Welfare Law of the Public Laws of the State of 

Morelos (Mexico) and the Guide for the Care and Use of Laboratory Animals. The animals were 

euthanized under anesthesia, and blood was then extracted from the heart and collected in tubes 

containing 3.2% sodium citrate (Becton Dickinson Co., New Jersey, USA).  We then collected platelet-

rich plasma by centrifuging the blood at 1000 rpm for 15 minutes, took the supernatant, and centrifuged 

it again at 3000 rpm for 15 minutes to isolate the platelets. To prevent platelet activation, the blood was 

placed in a tube with anticoagulant (3.2% sodium citrate, 0.109 M). The CdS-Dex QD uptake test was 

then performed. To control platelet aggregation, they were treated with collagen at 0.19 mg/mL and a 

control group was left untreated. The platelets were incubated for 30 minutes with CdS-Dex QD at 

different concentrations of 0.01, 0.1, 1, 10, 100, and 1000 µg/mL, respectively. After this time, 100 µL 

aliquots were taken and analyzed in a 96-well plate in a spectrophotometer at a wavelength of 550 nm. 

In addition, aliquots of approximately 10 µL were taken for the analysis of intracellular uptake and 

localization of CdS-Dex QD in platelets by confocal fluorescence microscopy. For this procedure, slides 

with 15% glycerol were used and fixed. Photographs were taken in three modes: visible, fluorescence, 

and superimposition, with a 100X oil immersion objective using an Olympus FV100 Inverted Confocal 

Microscope for high-resolution (3D) image acquisition in live or fixed samples. The slides were also 

used for topographic analysis by atomic force microscopy (AFM). For this procedure, an XE-Bio atomic 

force microscope (Park Systems Co., Suwan, Korea) was used to obtain topographic images of the 

platelets with Park Systems' XEP and XEI software to analyze the data. The cantilevers used were PPP-

NCHR silicon nitride and DNP-S-D silicon nitride with a nominal spring constant of 42 N/m for non-

contact mode nanosensors and a nominal spring constant of 0.06 N/m (Bruker, USA), respectively. The 

thermal method incorporated in the XEI software was used. 
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In the results obtained in Figure 1, concentration-dependent platelet aggregation was observed. 

However, this effect of QD causing platelet aggregation was between 36 and 40% from a concentration 

of 0.01 to 100 µg/mL (p<0.05). However, at a concentration of 1000 µg/mL, this effect increased by up 

to 57% compared to the untreated group. This is a discovery of great interest since, as previously noted, 

platelets are essential for hemostasis and have a major impact on thrombotic and hemorrhagic 

phenomena. 

 

 

Box 1  
 

 
 

Figure 1 

Platelet aggregation effect caused by CdS-Dex QD. Exposure time: 30 

minutes. Each bar represents the mean ± SD of two independent 

experiments. n=5. *p <0.05 compared to the control group 

 

The role of platelets in hemostasis consists of creating the primary hemostatic plug, secreting 

substances essential for platelet aggregation, providing a surface for coagulation, releasing factors that 

promote endothelial repair, and restoring normal vascular architecture. Platelet dysfunction, which can 

be hereditary or acquired through interaction with nanomaterials, may be due to alterations in the 

biochemical processes we have analyzed in these evaluations (Yousef, H., Liu, Y., and Zheng, L. 2022). 

 

1.6 Evaluation of the uptake effect of CdS-Dex QD in platelets. 

 

However, the presence of platelet dysfunction can be reliably detected by measuring the platelet function 

index (PFI) in a blood sample. In Figure 2, we can see the micrographs obtained with a confocal 

fluorescence microscope, which demonstrate the effect of CdS-Dex quantum dots on platelets. In section 

a, we observe the control of untreated platelets to show the ñnormalò appearance of non-aggregated 

platelets as seen under visible light and luminescence. In section b, we see the control of platelet 

aggregation without luminescence emission, which would be the result of activated platelets aggregating 

because of collagen to form a platelet plug. 
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Box 2 

 

 
 

Figure 2 

Micrographs of platelet control and platelet aggregation taken with a 

confocal fluorescence microscope. a. Platelet control without visible 

treatment/fluorescence. b. Platelet aggregation control 

visible/fluorescence. 60X + 3 Z (magnification). 

 

When we incubated the isolated platelets at different concentrations, we found that no 

luminescence emission was observed at concentrations ranging from 0.01 to 1 µg/mL. Therefore, we 

suggest that there was no uptake of CdS-Dex QD inside or on the surface of the platelets. However, at 

concentrations ranging from 10 to 1000 µg/mL, the luminescence emission of platelet aggregation is 

concentration dependent. This finding is related to the quantification of platelet aggregation previously 

analyzed. These basic techniques provide important information, such as platelet count and platelet 

morphology, which is essential for studying various platelet disorders caused by the interaction of 

quantum dots with platelets. However, they are not 100% descriptive or qualitative. Therefore, it was 

necessary to evaluate this interaction in more detail. 

 

Box 3 
 

 
 

Figure 3 

Micrographs of platelets taken with a confocal fluorescence microscope. 

Platelets treated with CdS-Dex QD at concentrations of 0.01, 0.1, 1, 10, 

100, and 1000 µg/mL. Visible/fluorescence images. 60X + 3 Z 

(magnification). 
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1.7 Topographic analysis for the identification of platelet aggregation caused by CdS-Dex QD.  

 

In this three-dimensional reconstruction analysis obtained in AFM. Untreated platelets were observed to 

be hexagonal, semi-flat, lacking a nucleus, with normal size (3-4 µm) and defined edges. In the platelet 

aggregation control (Figure 4), the platelets are observed to have no morphology or defined edges, with 

an irregular size that cannot be quantified. In Figure 5, we observe the analysis of platelets treated with 

CdS-Dex QD, taking three representative concentrations of 0.01, 100, and 1000 µg/mL. However, in the 

three samples analyzed, we can observe that the platelets lack defined edges and have an irregular 

morphology like that of the platelet aggregate. These morphological changes suggest that platelet 

activation may have occurred, as thin cytoplasmic projections (short and long) were observed and the 

hexagonal definition seen in the untreated platelet group was lost. 

 

Box 4 
 

 
 

Figure 4 

Topographic analysis by AFM of untreated healthy platelets: hexagonal 

morphology, semi-flat, lacking a nucleus, approximate size between 3-4 

µm, and with defined edges. Control of collagen-induced platelet 

aggregation [0.19 mg/mL]: no apparent morphology, irregular size 

approximately between 2 and 3 µm, and no defined edges. AFM: atomic 

force microscopy 

 

Box 5 

 

 
 

Figure 5 

Topographic analysis by AFM. Platelets treated with CdS-Dextrin quantum 

dots at concentrations of 0.01, 100, and 1000 µg/mL, respectively. AFM: 

atomic force microscopy 
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However, although no changes were observed at low concentrations in the platelet aggregation 

and luminescence emission quantification analyses, these MFA findings suggest that CdS-Dex QD cause 

less than 40% platelet aggregation at low concentrations. The 3D reconstruction observed in AFM of the 

platelets showed that the platelets are activated when interacting with CdS-Dex QD and begin to 

aggregate in a manner like what would be the ñplatelet plug or mosaicò as when there is a vascular injury 

or alteration by an external agent. Based on the platelet abnormalities observed, we can suggest that 

interaction with our CdS-Dextrin quantum dots causes a decrease in platelet function. This can lead to a 

pathophysiology such as thrombocytopenia (Jones, C. F., and Grainger, D. W. 2009), which is known to 

be a side effect caused by the administration of certain drugs. It may also cause even a transient disorder 

like sticky platelet syndrome (Kubisz, P., Stasko, J., and Holly, P. 2013). This is a highly thrombogenic 

disorder due to excessive increase in platelet function. 

 

In this context, there are few assessments of the interactions of quantum dots in the blood and 

their impact on blood coagulation, analyses that are fundamental and integral to their design and safe and 

effective application (Lu, Zhongyou et al., 2025). Several studies evaluating the propensity of 

nanoparticles for platelet activation and/or aggregation, their possible effects on plasma clotting time, 

and their predisposition to the development of vascular thrombi are very useful for assessing the 

thrombogenicity of these quantum dots. Platelets have important roles in regulating the body's hemostatic 

balance (Bravaccini, S. et al., 2024). Platelets prevent blood loss from vascular injury, can induce arterial 

thrombosis, and have additional functions in immunity (Hu, Y. et al., 2025; Cai, C. et al., 2025). In a 

living organism, platelets do not usually interact with internal molecules and blood vessels, but they do 

respond to external and physical stimuli and will quickly adhere when there is a disturbance in the vessel 

wall. Analyzing the general results, we found alterations in platelet morphology following interaction 

with quantum dots. Therefore, we suggest that this triggers their activation. We can relate this process to 

what would happen in the alteration of the body's normal hemostasis. (Shin, E. K. et al., 2017).  

 

1.8 Conclusions 

 

We can suggest that, although our quantum dots are not designed to cause any systemic effects, it is 

precisely because of this design that they are able to cross epithelial barriers and reach the systemic 

circulation. Although there is no evidence of a significant percentage of platelet aggregation, we do not 

rule out the possibility that our quantum dots interfere with the physiological function of platelets and 

trigger an effect such as vascular injury and thrombosis. Having a whole list of results showing that our 

quantum dots are hemocompatible allows us to envision future systemic applications in areas such as 

biomedicine. Still, the challenge remains to design better quantum dots that are not only less cytotoxic 

than other nanomaterials but also have organic components.  

 

Also, we have to consider that most cell membranes have negative charges, which allows 

interaction with some nanomaterials. Thus, it is necessary to design and develop quantum dots such as 

graphene, which, in addition to being organic and apparently compatible, have a neutral charge or are 

cationic nanomaterials. So far, we are far from proving that the use of nanomaterials in organic systems 

is free of adverse and collateral effects. Nonetheless, we are in the right direction in designing, 

synthesizing, and demonstrating that they are excellent carriers of antineoplastic molecules. 

 

Our work on CdS-Dextrin quantum dots has generated important scientific and technological 

contributions, mostly focused on molecular diagnostics, targeted, specific, and selective drug delivery, 

and advanced therapies with fewer side effects. Our work centers on deeper understanding of the optical 

properties of semiconductor materials. Pointwise, we have demonstrated that quantum dots can be 

designed in such a manner that their composition and size are not compromised. Though we have 

encountered challenges due to their cadmium composition, the unique properties and characteristics of 

these dots make them ideally suited for use in biological systems.  

 

The synthesis and design of CdS-dextrin quantum dots place us in a very promising position to 

efficiently monitor intracellular labeling and, in turn, facilitates in vitro, in vivo, and ex vivo studies of 

biological processes such as neoplasms that require analysis at the molecular level. From a technological 

viewpoint, our process design and development are an open door to the advancement of semiconductor 

systems that enable more sophisticated biomedical imaging in vivo studies and can be utilized in medical 

diagnostics for theranostic purposes.  
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Moreover, our research has not only led us to imaging, but also to targeted drug delivery as an 

ñall-in-oneò solution. In this regard, we have suggested and encouraged innovative and efficient 

technologies that, through the combination of early diagnosis and targeted treatment by drug delivery at 

a single quantum dot, can avoid minor adverse effects while providing timely monitoring of cancer cells. 

This is undoubtedly a challenge in nanotechnology that will lead to further advances in biomedicine. 
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Abstract          

 

This study presents a review of personality trait recognition work from a computational perspective, 

providing an overview of the methodologies that have been developed, as well as the commonly used 

algorithms, datasets, and personality methods. To carry out the study, articles were searched in different 

scientific datasets. Selecting, classifying, and analyzing the contributions of each one, which were 

reflected in this work. It was found that the use of social media data is the most analyzed, and many 

researchers are choosing to create their own dataset from multimodal data such as audio, text, video, and 

physiological data. The algorithms used are machine learning and deep learning for the classification and 

recognition of personality traits. Areas of opportunity for new research in multimodal data processing 

and the fusion of various algorithms were identified. 

 
Automatic prediction of personality traits: A systematic review of methods, algorithms, and data sources. 

     

Objective  Methodology  Contribution 

     

 
Analyze existing studies on personality trait 

recognition from a computational perspective, 

providing an overview of the methodologies that 
have been developed, algorithms, dataset, and the 

most used personality methods 

 

  
This research is based on a systematic 

narrative review. 

 
 

 
 

  
Analysis of previous studies providing an 

overview of the data and methods used for 

personality trait recognition. 
 

 

 

 

Personality Traits, Machine Learning, Dataset   

 

Resumen  

 

En este estudio se presenta una revisión de trabajos de reconocimiento de rasgos de personalidad desde 

el punto de vista computacional, dando una visión general de las metodologías que se han desarrollado, 

así como los algoritmos, bases de datos y métodos de personalidad más utilizados. Para la realización del 

estudio se buscaron artículos en diferentes bases de datos científicas, seleccionando, clasificando y 

analizando las aportaciones de cada uno de ellos que se plasmaron en este trabajo. Se encontró que el uso 

de datos de redes sociales son los más analizados, y muchos investigadores están optando por crear sus 

propias bases de datos a partir de datos multimodales tales como audio, texto, vídeo y fisiológicos. Los 

algoritmos empleados son los de aprendizaje automático y de aprendizaje profundo para la clasificación 

y reconocimiento de rasgos de personalidad.  Se identificaron áreas de oportunidad para nuevas 

investigaciones en el procesamiento de datos multimodales y la fusión de diversos algoritmos. 

                                                               
Predicción automática de rasgos de personalidad: Una revisión sistemática de los métodos, algoritmos y fuentes de datos. 

     

Objetivos  Metodología  Contribución 

     
 

Analizar los estudios existentes de 

reconocimiento de rasgos de personalidad 

desde un punto de vista computacional, dando 
una visión general de las metodologías que se 

han desarrollado, algoritmos, bases de datos y 
métodos de personalidad más utilizados. 

 

 

 
 

La presente investigación se basa en una 

investigación sistemática narrativa donde se 

pretende dar respuesta a las interrogantes 
planteadas 

 
 

 
 

Análisis de estudios previos que ofrecen una 

descripción general de los datos y métodos 

utilizados para el reconocimiento de rasgos 
de personalidad 

 

       

 

Rasgos de Personalidad, Aprendizaje automático, datos 
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Introduction  

 

With the rise of intelligent computing systems capable of analyzing and inferring the stable 

characteristics of an individual's personality, they have become an area of research and a topic of interest 

for researchers not only in the field of psychology but also in the field of computing. Personality traits 

influence many aspects of our daily lives, the decisions we make, and the way we behave and react in 

certain situations. Personality is not only essential in psychology but also in other areas such as education, 

human resources, computing, and marketing. Traditional methods such as psychometric questionnaires 

based on different psychological models of personality have been used to predict an individual's 

personality. Notable examples include: the Big Five (Openness to Experience (O), Conscientiousness 

(C), Extraversion (E), Agreeableness (A), and Neuroticism (N)), denoted by the acronym OCEAN, 

Allport (1975, cited by Cerdá, 1985), (Costa & McCrae, 1980), MBTI (Myers-Briggs Type Indicator), 

which classifies personality into four dimensions, and PEN (Eysenck Personality Model). Although 

scientifically validated, these methods rely on the individual's self-assessment, which can lead to bias 

and unwanted responses. 

 

With the advancement of technologies and new data processing methods such as natural language 

processing (NLP), computer vision, supervised, semi-supervised, unsupervised, and deep learning 

algorithms, there has been a surge of interest in the development of a wide range of applications such as 

social media analysis and automatic detection, sentiment analysis, and emotion recognition, among 

others.  

 

These methods can process linguistic characteristics of written language, prosodic (tone), 

spectral, and voice quality characteristics based on audio, postures, facial expressions, gestures, and eye 

tracking based on video, electroencephalogram (EEG) signals, heart rate, and skin conductance based on 

physiological signals, and handwriting. Emerging technologies have facilitated data processing and 

automatic identification of personality traits individually or in groups with promising results. 

 

The objective of this study is to analyze research on the automatic prediction of personality traits 

by reviewing methods, algorithms, datasets, and the most widely used psychological models of 

personality, following the steps outlined in the Prisma 2020 statement. 

  

This study is relevant for researchers who wish to address the problem of identifying, classifying, 

and predicting personality traits with multiple data inputs. It also highlights trends and serves as an aid 

for future developments. 

 

This document is structured as follows: methodology used, theoretical framework, literature 

review, results, and conclusions. 

 

Methodology 

 

A narrative systematic review was conducted using the following steps to search for information, as 

shown in Figure 1. The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) method provides a structured guide that facilitates the conduct of reviews by identifying, 

selecting, evaluating, and synthesizing research conducted by other authors in a transparent manner. 

 

Box 1 

 
Figure 1 

 

 
 

Source: Own elaboration, based on (Prisma 2020) 

 

Identification of 
keywords

Search 
scientific 
database

Review of 
titles, abstracts, 
and removal of 
duplicate files

Evaluation and 
synthesis of 

articles

Analysis and 
report of 
findings.
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The search for information was conducted between 2020 and 2025 using keywords such as 

personality recognition, Big Five, and HEXACO. Myers-Briggs, PEN, personality traits, apparent 

personality, machine learning, deep learning, multimodal. The sites where the articles were searched for 

and found were: IEEE, 291; ScienceDirect, 300; Web of Science, 220; Scielo, 20; arXiv, 100; and other 

sites, 50. Each article was reviewed, and those that only used traditional methods or were not related to 

the main topic addressed in this work were eliminated. Subsequently, those that addressed the topic were 

managed in Zotero (Zotero, 2019) to cite and eliminate duplicates.  

 

Only 20 articles were considered for review in this work. Based on the PRISMA methodology, 

which authors such as (Pillipe et al., 2025) have used. Once the articles were obtained, they were analyzed 

to answer our research questions: What machine learning models are used according to the characteristics 

of the data inputs? What are the sources and dataset available for personality prediction, and what 

characteristics do they have? Which personality model is the most widely used? 

 

Theoretical foundations  

 

Personality taxonomies 

 

The concept of personality defined by Allport (1975, cited by Cerdá, 1985) is the integration of 

all the traits and characteristics of an individual that determine how they behave. Authors such as 

Serrano-Guerrero et al. (2024) define it as ña set of stable characteristics of an individual that can affect 

their interactions, relationships, attitudes, behavior, and even their psychological health.ò (Bermúdez, 

Moreno et al., 2011) mention that personality includes a series of traits or dispositions, relatively stable 

over time, that explain individuals' response style.  

 

Personality traits can be defined as a set of characteristics that aim to describe and classify 

personality through stable and enduring characteristics. 

 

There are various theories of personality traits that allow us to interpret and understand an 

individual's behavior. Among these theories of personality traits, the best known are: 

 

Costa and McCrae's trait theory (1998), known as the Big Five Personality Traits, is the most 

widely accepted and used model by psychologists and researchers. It consists of five factors: 

Agreeableness, Conscientiousness, Extraversion, Neuroticism, and Openness to Experience, each of 

which also has its opposite pole. Another theory is Eysenck's three-factor model called PEN (for the 

initials of each factor: Psychoticism, Extraversion, and Neuroticism), which also have their opposite 

poles (impulse control, introversion, emotional stability). The Myers-Briggs Type Indicator (MBTI) 

consists of 16 personality types assessed in four attitudes or functioning styles, called dichotomies: (E) 

Extroversion vs. (I) Introversion, (J) Judgment vs. (P) Perception, (T)Thinking vs. (F)Feeling, and 

(S)Sensing vs. (N) Intuition. The combination of these dichotomies results in 16 possible personality 

types. It is used more in business environments and psychology. The HEXACO model is a personality 

inventory that comprises six personality traits: Honesty-Humility, Emotionality, Extraversion, 

Agreeableness, Conscientiousness, and Openness to Experience. (Ashton & Lee, 2017) 

 

Table 1 shows the features of the most used models, as well as the characteristics of their 

opposites. 

 

Machine Learning Methods 

 

Personality traits can be predicted using two methods: the traditional method involves surveys and 

questionnaires, while the automatic method is based on artificial intelligence and machine learning, 

which can process and analyze large amounts of data. 

 

Artificial Intelligence (AI) refers to techniques and procedures that seek to equip machines with 

intelligence to perform operations that require human intellect, such as natural language, voice and image 

recognition, and decision-making. Another definition of AI is ñthe ability of machines to use algorithms, 

learn from data, and use what they have learned in decision-making just as a human being wouldò (Lasse 

Rouhiainen, 2018). 
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To analyze these personality traits, it is necessary to use one or more artificial intelligence and 

machine learning techniques. 

 

- Machine learning (ML)  is a branch of AI responsible for creating models and training 

algorithms to make predictions and decisions based on data. Machine learning (ML) techniques 

can be classified as supervised learning, which is a technique that uses manually labeled input 

and output data to train models that classify data or predict results accurately. The algorithms 

included: linear, logistic, and polynomial regression; random forest; support vector machine 

(SVM); K-nearest neighbors (KNN); neural networks (NN); and naive Bayes. 

 

- Unsupervised learning is defined as a model for analyzing and grouping unlabeled data sets 

(clusters) to discover hidden patterns or data groupings. The algorithms included are principal 

component analysis (PCA), K-means clustering, and association rules. 

 

- Reinforcement learning: this model learns on the fly through trial and error. 

 

- Deep learning is a subfield of machine learning that uses multi-layered neural networks (hence 

the term ñdeepò) for complex data transformations, facilitating advanced functions such as image 

classification and voice recognition. Some algorithms, such as convolutional neural networks 

(CNNs), are part of deep learning algorithms. They are composed of layers of nodes, containing 

an input layer, multiple hidden layers, and an output layer. Models include Residual Network 

(ResNet) and Visual Geometry Group (VggNet), used mainly for image, voice, audio, and 

spatiotemporal data classification. Recurrent neural networks (RNN) assign a sequence of inputs 

to an output operated in a cycle, modeling sequential data such as translation, natural language 

processing, sentiment analysis, voice recognition, examples Long Short-Term Memory (LMTS) 

and bidirectional Bi-LSTM. Transformer models are sequential models with an attention 

mechanism that prioritizes or pays greater attention to the most relevant parts of the input data. 

Examples include Bidirectional Encoder Representations from Transformers (BERT) and 

RoBERT, an optimized version of BERT, and Generative Pre-trained Transformer (GPT) (IBM, 

2021). 

 

Literature Review 

 

Data collection method  

 

Data input for personality trait prediction can be obtained through two approaches: monomodal and 

multimodal. The monomodal approach focuses on only one type of data input, such as audio, text, image, 

video, and physiological data, while the multimodal approach examines different data inputs for a more 

comprehensive analysis. 

 

One of the main sources of data for this research is social media. Social media generates a large 

amount of textual and visual data, which can be analyzed and processed to understand user behavior. 

Authors such as Aljuhani et al. (2025) and Ahmad et al. (2021) obtain their data from social media. The 

authors (Bin Tareaf et al., 2020) used social media, particularly Twitter and Facebook, to analyze 

personality traits and compared users of each social network. They also mention that people who use 

Facebook are more extroverted and friendly. In contrast, people who are highly open to new experiences 

are now more interested in Twitter (X). Authors such as (Loor-Bravo & Rivadeneira-Barreiro, 2025) 

mention that Instagram data can predict information such as detecting marketing trends and personalizing 

content. 

 

On the other hand, videos and images are sources of data from which information can be extracted 

about audio, body language, facial expressions, and handwriting. The authors Bátiz-Beltrán et al. (2024) 

used videos. From the audio, data was extracted in text form for processing. Authors such as Wang et al. 

(2025) used images to extract facial expressions and performed an analysis of personality traits, 

emphasizing expression as the first impression where personality traits may be temporary in this case.  
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Body language is a form of communication through gestures, postures, and movements of the 

body and face. The authors Tang et al. (2025) used this type of language to obtain the personality traits 

of 287 participants by creating their own multimodal dataset, analyzing different types of data such as 

video, audio, and text. 

 

Although handwriting is considered a pseudoscience, authors such as Gagiu & Sendrescu (2025) 

have conducted studies related to handwriting, looking for patterns in the shape of letters, stroke pressure, 

slant, and spacing that could correlate with personality traits. Thomas et al. (2020) conduct handwriting 

analysis (graphology) studies to analyze financial risk. 

 

Another source of data is physiological and neurophysiological signals obtained through wearable 

devices, which measure and collect various valuable data from a person. The authors (Shui et al., 2023) 

used physiological recordings in everyday real-life situations as data input. The authors (Miranda-Correa 

et al., 2021) obtained information through portable sensors of neurophysiological signals such as 

electroencephalogram (EEG), electrocardiogram (ECG), and galvanic skin response (GSR). (Rieck et 

al., 2025) conducted a systematic study of the use of an electroencephalogram to detect personality traits. 

The author Andani Cerdá, A. J. (2025) used peripheral physiological signals such as electrodermal 

activity (EDA), photoplethysmography (PPT), and skin temperature (ST) using portable, non-invasive 

devices.  

 

Datasets 

 

Data is important for training and evaluating computational models, so a large amount of data is required 

for personality trait analysis. Some researchers choose to use existing datasets available on research sites 

or academic project repositories, while others create their own dataset according to the type of data input 

to be analyzed. 

 

Among the datasets that can be found on the internet for predicting the Big Five personality traits 

are: Kaggle, used by (Ahmad et al., 2021); Twitter/X for textual content; Reddit; and MyPersonality, 

which compiles information from Facebook (Serrano-Guerrero et al., 2024). These datasets are compiled 

from different social networks.  

 

The creation of dataset according to the context that needs to be addressed. The authors (Jiang et 

al., 2020) developed a dataset with public data from the television series Friends, which contains 711 

conversations. Tang et al. (2025) created a multimodal dataset for personality analysis based on body 

postures with 287 participants. 

 

The authors (Miranda-Correa et al., 2021) created their own dataset called AMIGOS, which 

contains multimodal data entries: electroencephalogram (EEG), electrocardiogram (ECG), and galvanic 

skin response (GSR) obtained using portable sensors. It also contains full-body videos of participants in 

two contexts: one individual and one group while watching movie clips. 

 

ChaLearn Dataset is a dataset containing videos of gestures and videos for personality analysis 

called ChaLearn LAP 2016, with 10,000 short YouTube video clips. ñFirst Impressions Challengeò 

contains YouTube video clips of people simulating an interview in English (Wang et al., 2025). 

 

Friends Persona is a dataset based on the television series Friends, where transcripts of real 

conversations between various characters are obtained, and the Big Five personality traits are annotated. 

Used by (Jiang et al., 2020). 

 

The dataset based on bilingual (Chinese and English) fables written by humans integrated emotion 

annotations. (Liu et al., 2025). 

 

PersonText is a corpus created by (Bátiz-Beltrán et al., 2024) in Spanish, consisting of 213 videos. 

Each participant talks about a topic of their choice, from which the audio is extracted and subsequently 

converted into text. They must also take a standardized Big Five personality test, which is then merged 

for better results. 
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SIAP dataset: interview-style recordings of 60 participants, multimodal, from which audio, body 

posture, and facial expressions can be extracted. Used by (Giritlioĵlu et al., 2021). 

 

Machine Learning Methods  
 

The use of learning methods is mentioned below:  

 

(Sreevidya et al., 2024) used RoBERTa to extract audio transcripts; (Jiang et al., 2020) used 

BERT and RoBERTa to extract the context and meaning of words, also adding attention networks such 

as CNN and LSTM.  

 

For better results, a hybrid approach can be used, meaning that different algorithms can be 

employed for greater accuracy.  

 

Some authors, such as (Ahmad et al., 2021), combined a Convolutional Neural Network (CNN) 

to extract features and patterns from word sequences and a Long Short-Term Memory (LSTM) for long-

range dependency and sentence context. The combination of CNN and LSTM made it possible to capture 

contextual information and semantic features, resulting in greater accuracy in the classification of 

personality traits in the Big Five model. 

 

(Serrano-Guerrero et al., 2024) combine the strengths of multiple classical machine learning 

classifiers using different semantic and lexical features, as well as deep learning algorithms and various 

word embedding techniques to develop a personality recognition model.  

 

(Aljuhani et al., 2025) propose a hybrid model of a convolutional neural network (CNN) and 

bidirectional long short-term memory (Bi-LSTM) networks, called ConvBi-LSTM, for automatic 

personality recognition from social media texts.  

 

(El-Demerdash et al., 2022) used textual data input from the Essays Dataset and the 

MyPersonality Dataset. They combined these to create a single dataset and integrated the strengths of 

BERT and RoBERTa for better prediction. 

 

(Wang et al., 2025) used a convolutional neural network (CNN) to extract emotional expression 

and a long-term memory network (LSTM) to analyze sequences of facial emotions found in a video using 

these networks. The prediction of traits was based on the Big Five personality model. 

 

Visual characteristics were obtained from context and facial images using deep neural networks, 

followed using CNN and LSTM models. (Sreevidya et al., 2024) 

 

The authors Martín, L. G., and Maceiras, S. D. A. (2025) conducted a systematic study of 40 

papers participating in the PAN (Plagiarism Analysis, Authorship, and Social Software Misuse) 

competition to identify the author's profile, analyzing computational models with a traditional approach, 

classical neural networks, transformer-based architectures, and hybrid systems. The results show that 

Transformer and LLM models (BERT, RoBERT, GPT) have yielded the best results. 

 

The authors (Brand & Garcia, 2025) use the KDD (Knowledge Discovery in Dataset) mining 

method, applying time series data models to analyze suicidal behavior. 

 

Table 2 shows the different types of data used in the research, the algorithms employed, and a 

brief description. 
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 Box 2 

 

Table 1 

The most widely accepted personality assessments  

 
Personality trait Model High score  Low score  

Openness  

 

 

Conscientiousness 

Big Five 

Creative, imaginative, original, open-

mindedness, curious. 

 

Organized, disciplined, reliable, 

diligent, goal oriented.  

Conventional, uncreative, 

conservative. 

 

Disorganized, impulsive, careless, 

unreliable. 

Extraversion 

 

 

Agreeableness 

 

 

Neuroticism 

 

 

Extraversion (E) vs. 

Introversion (I) 

 

Sensing (S) vs. Intuition 

(N) 

 

Thinking (T) vs. Feeling 

(F) 

 

 

Judging (J) vs. Perceiving 

(P) 

Myers-

Briggs 

Sociable, affectionate, assertive, 

talkative. 

 

Kindhearted, generous, 

friendly, considerate. 

 

Anxious, temperamental, emotionally 

unstable, emotional  

 

(E) Sociable, participatory, good 

communication skills. 

 

(S) Realistic, facts and experiences.  

 

(T) Inflexible, impersonal and logical 

approach, questioning, critical. 

 

(J) Adaptable, organized, plans, 

systematic, persistent. 

Reserved, quiet, solitary, passive 

 

 

Distrustful, critical, irritable 

 

 

Calm, stable, self-confident, resilient. 

 

(I) Enjoys solitude, privacy. 

 

 

(N) New ideas, imagination, 

intellectual interest. 

 

(F) Calm, kind, cares about others, 

happy when there is harmony. 

 

 

(P) Prefers a flexible, spontaneous 

world that is open to options and 

informal. 

 

                                             Source: Own Elaboration                                                                

Table 3 lists an analysis of 19 studies published between 2020 and 2025 on the automatic 

prediction of personality traits using artificial intelligence techniques. Included are authors, personality 

models (Big Five, Myers-Briggs), input types (text, audio, video, or multimodal), and machine learning 

techniques (CNN, RNN, LSTM, Transformers, and multimodal fusion), as well as each author's 

contribution to the research.  

 

Box 3 

 

Table 2 

Type of data inputs and algorithms used  
  

Data types Algorithms used Description 

Text NLP, RNN, LSTM, Bi-LSTM, SVM 

Transformers (BERT, RoBERTa) 

embeddings GloVe 

They process language sequences and context. 

Contextual representations capture the semantic relationships 

between words according to their meaning and use in context. 

Images, videos CNN, RNN, multimodal fusion  They extract patterns and model temporal data in video sequences. 

Handwriting  CNN (patterns) Automatic feature extraction 

Pose 

 

CNN, OpenPose, MediaPipe They analyze posture patterns and detect key points on the body, 

face, and gestures. 

Physiological (EEG, 

ECG) 

RNN LSTM, CNN 

 

They capture the evolution of physiological signals and pattern 

extraction. 

Multimodal data (text, 

audio, video) 

CNN, RNN, LSTM  

Data fusion strategies: early, late 

They process each modality by extracting complementary 

characteristics. 

They integrate information from various modalities. 

Text NLP, RNN, LSTM, Bi-LSTM, SVM 

Transformers (BERT, RoBERTa) 

embeddings GloVe 

They process language sequences and context. 

Contextual representations capture the semantic relationships 

between words according to their meaning and use in context. 

   

Source: Own Elaboration 
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Box 4 
 

 

Table 3 

 

Results 

  
Authors Model Dataset Modality  IA technology Contribution  

(Sreevidya 

et al., 2024) 

Big Five Social media Visual + audio + 

text 

BERT, RoBERTa, CNN, 

LSTM 

A multimodal architecture of personality 

traits, sentiment analysis, and emotion 

recognition. 

(An et al., 2024) Big Five - Visual + audio + 

text 

Bi-LSTM, self-attention 

mechanisms 

Alignment of modalities for the integration 

of characteristics for optimal results 

(Serrano-

Guerrero et al., 

2024) 

Big Five MyPersonality 

(Facebook) 

Text SVM, CNN, Bi-LSTM A model that combines several classical 

machine learning algorithms and some 

deep learning algorithms to improve the 

prediction of personality traits. 

(Aljuhani et al., 

2025) 

Big Five Social Media,  data 

set X-Big5, PA-

2015 

Text CNN, Bi-LSTM, ConvBi-

LSTM 

A hybrid model (CNN + Bi-LSTM) for 

predicting personality traits from social 

media text 

(Wang et al., 

2025) 

Big Five ChaLearn first 

impressions 

Visual Facial 

features 

CNN, LSTM A visual/facial model to predict the 

apparent impression (ñfirst impressionò) 

and incorporate temporary emotional 

expressions. 

(Giritlioĵlu 

et al., 2021) 

Big Five Propia SIAP y 

ChaLearn 

audiovisual + 

transcribed speech 

RNN, LSTM, CNN Deep multimodal architectures that 

estimate the Big Five personality traits 

from audio-visual signals and transcribed 

speech. 

(Ahmad et al., 

2021) 

Big Five Social Media  Text fusion de CNN, LSTM Hybrid model based on deep learning 

(CNN + LSTM) for the classification of 

personality traits from text 

(Kumar et al., 

2024) 

Big Five Social Media  Text Bi-RNN, LSTM Model for predicting MBTI personality 

type (16 types) based on social media data 

 

(Jeremy & 

Suhartono, 

2021) 

Big Five Social Media  Text  LSTM, Bi-LSTM, GRU Model for predicting personality traitsðfor 

Indonesian Twitter users. 

(Liu et al., 

2025) 

Big Five Own data base Dialogue + 

emotions 

 

LLM, RoBERT Creation of a bilingual (Chinese and 

English) dataset of dialogues annotated 

with Big Five traits and emotions in 

educational settings. 

(Bin Tareaf 

et al., 2020) 

Big Five Facebook y Twitter 

(X) 

Text BERT, RoBERTa, LIWC Comparison of two different social media 

platforms (Facebook and Twitter) 

(Miranda-

Correa et al., 

2021) 

Big Five Amigos a novel 

multimodal datsets 

Video + EEG 

signals + ECG 

signals 

 Creation of a proprietary dataset with 

affection, personality, and mood in 

response to visual stimuli. 

(Tang et al., 

2025) 

Big Five Pose-Personality a 

novel dataset 

Video + body 

posture + audio 

Neural network, graphs Creation of multimodal dataset with full-

body poses, network inspired by Pinet 

Gagiu & 

Sendrescu, 

(2025) 

Myers-

Briggs 

(MBTI)  

Handwriting novel 

dataset 

Handwriting Neural network System that extracts handwriting 

characteristics from written documents. 

(Muhammad 

Waqas et al., 

2025) 

Big Five Social Media  Text Data fusion  BERT y 

Graph Convolutional 

Network (GCNs) 

Textual representations obtained with 

BERT and semantic relationship modeling 

using a convolutional graph, employing a 

data fusion technique that combines 

different sets. 

(Zhao et al., 

2023) 

 

Big Five ChaLearn First 

Impression-V2 

Text CNN, Bi-LSTM y 

Transformer 

Develops and proposes a multimodal 

method (audio + visual) and proposes a 

hybrid deep learning framework. 

(Liao et al., 

2024) 

Big Five ChaLearn First    

Udiva 

Audio + Video 

(facial expressions, 

voice, gestures) 

Benchmark Establishes an open and reproducible 

benchmark for evaluating personality 

models based on audio-visual signals 

(apparent and self-reported). 

(S et al., 2025) 

 

 

Myers-

Briggs 

(MBTI)  

- Text NPL, hierarchical 

transformers. 

A neural network model with the MBTI 

model, using a hierarchical approach and 

labeled attention to improve classification 

 (Yazid Bounab 

et al., 2024) 

 

Big Five ChaLearn Text PLN, LSTM CNN and NPL model for predicting 

personality traits from video transcripts 

(Kotharkar & T, 

2025) 

Big five 100 images from 

Kaggle 

Image  Voting Classifier, Logistic 

Regression, SVM, 

Random Forest, and 

Gradient Boosting. 

They propose a multilayer approach using 

a Voting Classifier, which integrates 

predictions from the models mentioned 

above to improve overall performance. 

 
                                                                                                                                                               Source: Own Elaboration   
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Conclusions 
 

The study of automated personality trait prediction still poses a challenge in inferring human personality, 

which is why many studies have added more input data for the identification of personality traits and the 

use of the most promising machine learning algorithms that have been successful in other fields of AI. 

 

After analyzing 20 studies that use machine learning for personality prediction and articles for 

the theoretical framework, we provide an overview of the algorithms, answering our research questions.  

 

The most widely used personality methods are, first and foremost, the Big Five models, thanks to 

their scientific acceptance and adaptability to different languages, followed by Myers-Briggs (MBTI) 

due to their acceptance in business environments. 

 

The most widely used algorithms have been found to be machine learning, especially deep 

learning, which is trending due to its use in different data modalities, especially Convolutional Neural 

Networks, which are important for the analysis of different types of monomodal or multimodal inputs. 

The most widely used dataset and type of modality are text, thanks to their high availability, low 

computational cost, large amount of data that can be found on social networks, and ready-to-use datasets 

that many researchers choose to use.  

 

Future work will focus on the creation of multimodal dataset (text, image, audio, video, among 

others) for greater accuracy, as well as the creation of datasets in languages other than English. Another 

challenge is the treatment of data fusion and algorithms in multimodal studies. 
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Abstract 

  

The present chapter addresses the design and construction of a self-sufficient kinetic module for facades, 

inspired by Mimosa pudica, conceived as a lighting and ventilation control system. The methodology 

employed was based on the ñBiomimetic Design Spiral,ò structured in four stages: biological abstraction, 

subsystem development, functional integration, and prototype assembly. The module articulates three 

subsystems: (1) mechanical, composed of movable panels operated by servomotors; (2) electronic, based 

on temperature and light sensors connected to a programmable board; and (3) photovoltaic, consisting of 

solar cells and an energy storage battery. The results demonstrate the relevance of translating natural 

principles into dynamic, autonomous, and replicable architectural solutions that respond to 

environmental stimuli without depending on external energy. This proposal constitutes an innovative 

alternative in the field of biomimetic and sustainable kinetic facades.   

 

 
 

Biomimicry, Kinetic module, Self-sufficient facade 

 

Resemen 

 

El presente capítulo aborda el diseño y construcción de un módulo cinético autosuficiente para fachadas, 

inspirado en la Mimosa Púdica, concebido como un sistema de control de iluminación y ventilación. La 

metodolog²a empleada se bas· en la ñEspiral del Dise¶o Biomim®ticoò, estructurada en cuatro etapas: 

abstracción biológica, desarrollo de subsistemas, integración funcional y montaje del prototipo. El 

módulo articula tres subsistemas: (1) mecánico, compuesto por hojas móviles accionadas mediante 

servomotores; (2) electrónico, basado en sensores de temperatura y luz conectados a una placa 

programable; y (3) fotovoltaico, conformado por celdas solares y una batería de almacenamiento 

energético. Los resultados evidencian la pertinencia de traducir principios naturales en soluciones 

arquitectónicas dinámicas, autónomas y replicables, que responden a estímulos ambientales sin depender 

de energía externa. Esta propuesta constituye una alternativa innovadora en el campo de las fachadas 

cinéticas biomiméticas y sustentables. 

  

 
 

Biomímesis, Fachada cinética, Sistema autosuficiente 
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Introduc tion 

 

In architecture, the facade cannot be understood solely as a visual resource; it is an integral envelope that 

fulfills three dimensions: the aesthetic, as it represents the first impression of the building and conveys 

its identity; the symbolic, as it preserves and projects the cultural memory of a society; and the functional, 

as it acts as a barrier against solar radiation, rain, or wind while helping to minimize energy consumption 

by taking advantage of environmental qualities, thus being considered a form of passive energy (Bastero 

Martínez, 2025). Likewise, its thermal and acoustic insulation capacity contributes to improving 

habitability conditions and comfort in interior spaces (Dorozhkina et al., 2021). 

 

Contemporary architectural design faces the challenge of reducing energy consumption without 

compromising environmental comfort, especially in contexts where artificial lighting and air 

conditioning represent a significant portion of energy expenditure. Building operation accounts for 30% 

of global final energy consumption and 26% of energy-related global emissions, with 8% corresponding 

to direct building emissions and 18% to indirect emissions derived from the production of electricity and 

heat used within them (AIE, International Energy Agency, 2023). This situation has driven the 

development of architectural solutions capable of actively responding to immediate environmental 

factors, without relying on external energy sources. 

 

In this context, biomimicry has become an effective innovation strategy by taking adaptive 

processes found in nature as a reference. As stated by Pawlyn (2019), the application of biological 

systems and principles makes it possible to transform architecture by designing nature-inspired solutions 

to create more efficient and resilient buildings. 

 

This chapter presents the development of a self-sufficient kinetic module for facades, inspired by 

Mimosa pudica, (Conabio.gob.mx, 2025) which integrates three coordinated subsystems: a mechanical 

subsystem, to execute the opening and closing movement of the panels; an electronic subsystem, which 

activates the system based on environmental stimuli; and a photovoltaic subsystem, which ensures its 

autonomous energy operation. 

 

The added value of this proposal lies in its ability to combine active mobility, automated response, 

and energy self-sufficiency within a single replicable modular system, without requiring grid connection 

or specialized infrastructure. Unlike other intelligent facade systems based on home automation or 

passive solar control mechanisms, this module offers a bio-inspired, adaptable, and lightweight response 

whose functions are activated according to the thermal and lighting behavior of the environment. The 

central hypothesis posits that if the movement of Mimosa pudica is functionally abstracted, it is possible 

to design a kinetic modular system capable of regulating lighting and ventilation autonomously through 

the integration of mechanical, electronic, and photovoltaic subsystems. 

 

2. Background 

 

2.1 International Context 

 

Several proposals have been developed that adopt natural principles for their application in architecture, 

such as the Hazza Bin Zayed Stadium (2014), inspired by the date palm tree. It employs 612 rotating 

textile panels mounted on a steel diagrid system, with bolted frames and textile membranes that adapt 

their orientation according to the solar angle (Pattern Design, Hazza Bin Zayed Stadium / Pattern Design, 

2015). Similarly, the Helio Trace Center of Architecture (2010) in the United States is directly inspired 

by Mimosa sensitiva to generate shading systems using foldable triangular panels, optimizing energy 

consumption by 42% (Dewidar, 2013). Another example is the One Ocean Pavilion (2012) in South 

Korea, which adopts a vertical fin system without hinges, inspired by the bird-of-paradise flower 

(Flectofin1), where the fins rotate through elastic deformations induced by edge actuators (Chayaamor-

Heil & Montas, 2018).  

 

Finally, the Al Bahar Towers (2012) in the United Arab Emirates reinterpret Islamic geometric 

patterns and flower petals to create a dynamic shading system that covers 24 floors, composed of glass 

curtain walls and adjustable panels (Attia, 2017). 

                                                           
1 Hinge-free system for a facade inspired by nature, (Lienhard et al., 2011) 

https://uvadoc.uva.es/bitstream/handle/10324/77074/TFG-A-403.pdf?sequence=1&isAllowed=y
https://uvadoc.uva.es/bitstream/handle/10324/77074/TFG-A-403.pdf?sequence=1&isAllowed=y
https://doi.org/10.1051/E3SCONF/202124405029
https://www.iea.org/energy-system/buildings
https://www.researchgate.net/publication/378402010_Biomimicry_in_Architecture_book_by_Michael_Pawlyn
http://www.conabio.gob.mx/malezasdemexico/mimosaceae/mimosa-pudica/fichas/ficha.htm
https://www.archdaily.mx/mx/763872/estadio-hazza-bin-zayed-pattern-design
https://www.archdaily.mx/mx/763872/estadio-hazza-bin-zayed-pattern-design
https://www.researchgate.net/publication/290379403_Living_Skins_A_New_Concept_of_Self_Active_Building_Envelope_Regulating_Systems
https://www.researchgate.net/publication/330202824_Bio-inspired_Passive_Kinetic_Solar_Shading_Device_for_a_Responsive_Architectural_Envelope
https://www.researchgate.net/publication/330202824_Bio-inspired_Passive_Kinetic_Solar_Shading_Device_for_a_Responsive_Architectural_Envelope
https://doi.org/10.5339/qproc.2016.qgbc.8
https://doi.org/10.1088/1748-3182/6/4/045001


127 

 

 

These cases demonstrate the relevance of analyzing, abstracting, and transferring functional 

principles found in natural organisms to the field of architectural design, consolidating a reference 

framework for the development of the proposed module. 

 

Unlike the previously mentioned systems, which integrate biomimetic principles applied to solar 

regulation or mechanical movement of façade elements, the proposed module stands out for its ability to 

operate autonomously and complementarily, without electrical grid connection or dependence on 

centralized automation systems. 

 

While the Hazza Bin Zayed Stadium, Helio Trace Center, One Ocean Pavilion, and Al Bahar 

Towers rely on complex devices, composite materials, or distributed actuators that depend on robust 

infrastructure and specific conditions, the present development proposes a modular, replicable, and 

lightweight alternative that synthesizes the mechanics inspired by Mimosa pudica with environmental 

sensors and photovoltaic generation. 

 

Box 1 

 

 
 

     Figure 1  

Shows four examples of international facades and their kinetic 

systems 
Source [Attia, 2017; Dewidar, 2013; Lienhard et al., 2011a; Majed & Alkhayyat, 

2013]  
 

2.1 Background in Mexico 

 

In Mexico, the Fortus Mexico Office Building (2015) uses a vertical Termobrise (THB) adjustable louver 

system, which allows controlled light and sunlight penetration while helping to mitigate and control 

noise. The cross-section of each panel has a bone shape, externally covered with a 0.4 mm aluzinc strip, 

and internally filled with injected polyurethane, providing high rigidity, insulation, and low weight. Each 

panel includes two aluminum end caps that are resistant to impact and weather conditions (Hunter 

Douglas, 2014). 

 

Another representative example in Mexico is the remodeling of the Sears store, where an 

innovative kinetic aluminum facade was incorporated. This system is characterized by the independent 

movement of its 40,121 sheets, which respond to air currents and create a visual effect similar to large 

waves. The project was designed and manufactured by IASA (2019), developing mechanisms that allow 

the movement of the panels and their distinctive optical impact. Figure 2 shows examples of national 

kinetic facades. 

 

 

 

 

https://doi.org/10.5339/qproc.2016.qgbc.8
https://www.researchgate.net/publication/290379403_Living_Skins_A_New_Concept_of_Self_Active_Building_Envelope_Regulating_Systems
https://doi.org/10.1088/1748-3182/6/4/045001
https://parametrichouse.com/adaptive-kinetic-patterns/
https://parametrichouse.com/adaptive-kinetic-patterns/
https://primerplano.com.mx/wp-content/uploads/2019/06/FT-termobrise.pdf
https://primerplano.com.mx/wp-content/uploads/2019/06/FT-termobrise.pdf
https://www.iasa-mex.com/project/sears-perisur/
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Box 2 
 

 
 

 Figure 2 

Sears Facade and Fortius Building 
Source [  Hunter Douglas, 2014; IASA, 2019]  

 

The review of international and national cases makes evident that kinetic facades inspired by 

nature represent a new field in architectural innovation, with significant advances in solar control, energy 

efficiency, and formal experimentation. However, while countries such as the United States, Europe, and 

Asia have consolidated complex systems with a high degree of automation, in Mexico the examples 

remain limited and focused on aesthetic or passive comfort solutions. 

 

This difference highlights the need to develop proposals that, in addition to being functional and 

replicable, simultaneously integrate mobility, sensing, and energy self-sufficiency. Within this 

framework, the kinetic module inspired by Mimosa pudica is proposed; this research is based on 

mechanical, electronic, and energy subsystems that enable the articulation of a self-sufficient, adaptable, 

and low-consumption solution, suitable for contexts where reducing conventional energy use or where 

access to services is limited. Thus, a bridge is established between the functional principles of nature and 

their technological implementation in architecture, providing an original contribution to the field of 

kinetic facades. 

 

Methodology 

 

The methodology employed for the design and construction of the self-sufficient kinetic module was 

based on an applied biomimicry approach, structured into four main stages: (1) biological abstraction, 

(2) subsystem development, (3) functional integration, and (4) prototype assembly. The process was 

guided by the biomimetic design spiral, a progressive method that comprises the phases of definition, 

biologization, discovery, abstraction, emulation, and evaluation,  (Biomimicry, 2025) through which 

natural principles are adapted into technical solutions by means of conceptual, functional, and 

constructive schemes. 

 

1. Biological abstraction: The behavior of Mimosa pudica was analyzed, particularly its leaf-closing 

response to external stimuli. This function was abstracted in terms of controlled mobility, 

environmental response, and operation without human intervention. The key principles of sensory 

activation, motion transmission, and shape recovery were identified, and the mechanical and 

electronic design criteria were reinterpreted. 

 

In this stage, other natural references were also reviewed, such as heliotropic plants and organisms 

sensitive to humidity. For example, Oxalis triangularis measures between 20 and 40 cm in height. Its 

leaves are trifoliate, and its petioles measure between 5 and 15 cm. The leaflets are inverted and triangular 

in structure. Oxalis, of dark and shiny purple appearance, opens and closes in response to light (Silva, 

2020). These references were discarded for not providing rapid and direct responses comparable to the 

movement of Mimosa pudica. 

https://toolbox.biomimicry.org/es/metodos/el-proceso-biomimetico/
https://www.researchgate.net/publication/340829095_Beauty_For_Health_-Oxalis_Triangularis
https://www.researchgate.net/publication/340829095_Beauty_For_Health_-Oxalis_Triangularis
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In this way, it was ensured that the selected abstraction responded to the requirements of a 

dynamic, autonomous, and replicable architectural system. In Figure 3, the opening form of the analyzed 

species can be observed. 

 

Box 3 
 

 
 

 Figure 3 

Oxalis triangularis / Mimosa pudica 

Soruce [  Nina et al., 2020; Romero et al., 2024]  
 

2. Development of Subsystems: Three independent yet complementary subsystems were designed: 

 

a. Mechanical Subsystem 

 

For this subsystem, traditional alternatives such as hinges and spring mechanisms were initially 

considered; however, they were discarded due to their higher wear and limited control precision. 

Ultimately, low-power servomotors integrated into a lightweight structural frame were selected, allowing 

programmable rotation of a set of movable leaves arranged symmetrically around a vertical axis. The 

motion was achieved through servomotors fixed at the base of the main frame. To ensure construction 

feasibility, various structural materials were evaluated to achieve a balance between lightness, durability, 

and ease of assembly. 

 

b. Electronic Subsystem 

 

Regarding the electronic subsystem, a programmable control board (Arduino) was used, enabling the 

development of simple algorithms for managing temperature and light sensors. Activation thresholds 

were defined to open or close the leaves, replicating the plantôs behavior in response to environmental 

variations. Alternatives such as centralized control systems or conventional home automation were 

considered, but a low-cost, autonomous solution was prioritized to avoid dependence on complex 

infrastructure. As a line of improvement, this subsystem could be integrated in the future with IoT 

platforms to record environmental data and expand its applications. 

 

 

 

 

 

https://repositorio.uniandes.edu.co/server/api/core/bitstreams/229f688a-d1e9-4711-8414-10808367b1e2/content
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c. Photovoltaic Subsystem 

 

The photovoltaic subsystem incorporated solar cells, selected among different capacities and dimensions 

for their ability to adapt to the geometry and dimensions of the leaves. These cells were connected to a 

12V 7Ah rechargeable battery, sufficient to power the servomotors and control board for several hours 

of continuous operation, even under low-radiation conditions. Compared to grid connection, the 

autonomous system was chosen for its coherence with the objective of energy self-sufficiency and its 

capacity to be replicated in environments with limited electrical infrastructure. 

 

3. Functional Integration: The three subsystems were assembled into a functional module. The 

physical positions of each component were defined and adjusted to prevent mechanical 

interference between moving, electronic, and structural elements, ensuring integration without 

compromising motion, accessibility, or operation. Likewise, energy compatibility between the 

control system and the power source was verified, along with the structural resistance of the 

module. Internal cable layout, electronic protection, and overall stability under real operating 

conditions were carefully ensured. The final design prioritized ease of assembly, lightweight 

construction, and low maintenance and operation requirements. 

 

4. Prototype Assembly: The final assembly of the prototype was carried out by integrating the three 

subsystems into a modular structure designed for facade installation. The movable leaves were 

attached to vertical posts connected to the servomotors, ensuring proper axis alignment and 

mechanical stability. The electronic system was mounted on a protected base plate, with 

organized internal wiring to prevent interference, and connected to the photovoltaic subsystem 

through a circuit. The rechargeable battery was placed at the base to ensure structural balance and 

facilitate maintenance. Figure 4 shows the linear process. 

 

Box 4 

 

 
 Figure 4 

Process Diagram 
Source: [  Author´s own work] 

 

Results 

 

The proposed system is based on a biomimetic principle inspired by the thigmonastic and photonastic 

dynamics of the plant known as Mimosa pudica, which responds to environmental stimuli through visible 

movements in its leaves, mediated by turgor variation mechanisms in structures called pulvini. Under 

natural conditions, the plant generates rapid movements in response to touch or changes in light, as a 

result of a sudden loss of water in the motor cells, causing the folding of the leaflets. This behavior is 

reversible, controlled, and regulated by factors such as solar radiation and the circadian rhythm. 
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Based on this natural logic, the electromechanical module artificially reproduces this adaptive 

response. The plant organs (leaves, pulvini, and veins) are replaced by movable panels, servomotors, and 

electrical wiring, respectively. Just as the pulvini redistribute water to induce leaf folding, the 

electromechanical system employs servomotors that generate angular rotation, using electrical energy as 

the driving force. The plant veinsðchannels for the transport of water and nutrientsðare replaced here 

by electrical conduction lines that supply and interconnect the electromechanical subsystems. This 

functional analogy allows the module to adopt reactive behaviors to external environmental stimuli 

through a programmed adaptive logic. Figure 5 shows the different parts of the Mimosa pudica 

 

Box 5 

 

 
 

 Figure 5 

Mimosa Pudica 
Source [  chat gpt]  

 

Each plant leaf is reinterpreted as an articulated panel, built with weather-resistant materials, 

coupled to a rotation axis that simulates the flexion point of the plantôs leaflets, and anchored with screws 

to a double-joint rotation shaft. These panels are symmetrically aligned vertically along two central posts 

right and left that function as the main stems. The fixed frame acts as a support for the kinetic systems, 

allowing the expansion or retraction of the leaves (panels) without compromising the structure of the 

window frame. 

 

Each artificial leaf integrates a 1.2 W monocrystalline solar cell oriented to capture solar energy, 

acting as a substitute for photosynthesis by absorbing incident solar energy instead of synthesizing 

nutrients. The collected energy is channeled into a 7.4 V LiPo battery located at the bottom of the frame, 

analogous to the plantôs energy storage system. This battery powers two 5 V servomotors with 4.5 kgĿcm 

torque, functioning as artificial muscles that generate the folding or extension of the leaves, just as the 

biological pulvini do through turgor pressure. The servomotors are mounted on a rigid base and rotate 

along an axis connected to the panels, allowing movements controlled by the central microcontroller. 

 

The microcontroller, programmed in the Arduino environment, interprets signals from thermal, 

light, and humidity sensors placed on the upper leaves. This system acts as the central nervous system of 

the artificial plant, receiving sensor data on temperature, light, and humidity technological equivalents 

of the sensory receptors distributed in natural leaves and stems. This process determines the opening 

angle of each leaf, replicating the coordinated action of nastic movements. The programmed code allows 

modulation of reaction cycles based on thresholds, similar to how the plant responds to limits of light 

intensity or physical contact. 



132 

 

 

The internal wiring represents the plantôs vascular system, responsible for distributing signals and 

energy. It is organized within concealed channels that function as conductive bundles, analogous to the 

xylem and phloem that transport water, minerals, and biochemical signals. The choice of cables coated 

with plastic materials ensures system integrity under external conditions. The mechanical fastening 

systemðscrews, shafts, and modular bases is equivalent to the structural supports that hold together 

leaves and branches in plant morphology. In this case, the arrangement of the components ensures 

structural flexibility without compromising stability. Figure 6 shows the abstraction of the plant into a 

facade module 

 

Box 6 
 

 
 

 Figure 6 

Kinetic Facade Module 
Source: [  Author´s own work]  

 

Finally, the complete device functions as a synthetic vegetal organism. The assembly behaves as 

a reactive, self-sustaining kinetic system capable of modulating its morphology in response to its 

environment. Imitating Mimosa pudica, the system integrates structural, sensory, and response 

components that interpret environmental stimuli and act accordingly, replacing biological tissues with 

engineered solutions. This reinterpretation not only reproduces the plantôs adaptive behavior but also 

enhances it through architectural, energetic, and technological criteria, transforming it into an innovative 

solution for intelligent bioclimatic facades. 

Figure 7 shows the installed module. 

 

Box 7 
 

 
 Figure 7 

Installed Module 
Source: [  Author´s own work]  
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Conclusions 

 

The self-sufficient kinetic module developed demonstrates the technical feasibility of replicating a 

biological behavior in a functional facade device. Inspired by the leaf-closing response of Mimosa 

pudica, the system was designed and built with the objective of controlling lighting and ventilation 

through mechanical, electronic, and solar-harvesting components organized in a modular configuration. 

This result represents progress in the exploration of self-sustaining kinetic systems applied to 

architecture, not only as aesthetic features but as a technical solution for environmental regulation. 

 

The mechanical subsystem successfully translated the natural movement of plant leaves into a 

configuration of rotating posts and movable panels arranged symmetrically, actuated by servomotors 

within a lightweight structural frame. The simplicity of the mechanism enabled its fabrication with 

modular, easy-to-assemble materials, facilitating assembly and reducing total weight. The principles of 

modularity and lightness were preserved, resulting in a module that can be replicated without the need 

for complex industrial tools. 

 

The electronic subsystem incorporated environmental sensors (light, temperature, and humidity) 

and a programmed microcontroller to activate the leaves according to the detected conditions. The results 

of the assembly verified the correct automated response, triggering closure or opening based on the 

defined thresholds. Additionally, the internal cable layout and component protection ensured continuous 

and stable operation, guaranteeing autonomous performance without human intervention. 

 

Finally, the photovoltaic system closed the self-sufficiency loop: the solar cells integrated into 

the leaves captured enough energy to power the entire system. The rechargeable battery stored the 

generated energy, maintaining functionality even with variations in solar radiation. The integration of the 

three subsystems into a single functional module demonstrated that it is possible to manufacture adaptive, 

self-sufficient constructive solutions. Although this chapter does not address environmental performance 

metrics, the automated operation of the prototype confirms the technical viability of the concept and 

establishes the foundation for future validation stages in real-world contexts. 
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Abstract  

 

The development of an inventory control interface arises as a priority need to manage a rigorous process 

that controls the inputs and outputs of Industrial Engineering laboratories (Time and Movement 

Laboratory). The implemented interface has as its main objective the optimization of logistics procedures 

derived from loans, returns and deliveries of material and equipment to interested personnel (students, 

teachers, technicians, etc.). This system was developed in the PHP programming language with a MySQL 

database through the model-view-controller (MVC) architecture. The methodology used includes the 

following stages: 1) Exploratory research, 2) Selection of programming language factors and design of 

the logistics interface, 3) Interface implementation. The results obtained show the elimination of manual 

inventory management, the sources that originate the registration of erroneous information (Registration 

/ accounting of non-existent equipment or devices) and the loss of equipment (Economic losses for the 

organization). 

 
Logistics Interface for inventory control in specialized Industrial Engineering laborator 
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Abstract  

 

El desarrollo de una interfaz de control de inventarios, surge como una necesidad prioritaria para manejar 

un proceso riguroso que controle las entradas-salidas de los laboratorios de Ingeniería Industrial 

(Laboratorio de tiempos y movimientos), la interfaz implementada tiene como objetivo principal la 

optimización de los procedimientos logísticos derivados de préstamos, devoluciones y entregas de 

material y equipo al personal interesado (Alumnos, docentes, técnicos etc.), este sistema se desarrolló en 

el lenguaje de programación PHP con base de datos MySQL a través de la arquitectura modelo-vista-

controlador (MVC). La metodología utilizada incluye las siguientes etapas: 1) Investigación exploratoria, 

2) Selección de factores de lenguaje de programación y diseño de la interfaz logística, 3) Implementación 

de interfaz. Los resultados obtenidos evidencian la eliminación del manejo manual del inventario, las 

fuentes que originan el registro de información errónea (Registro/contabilización de equipos o 

dispositivos no existentes) y la perdida de equipos (Perdidas económicas para la organización). 
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1 Introduction  

 

Automated inventory control systems are a competitive advantage within business organizations, 

showing strict control in the process of inputs and outputs of products, equipment or devices, in the 

experience of Serna, Gonzalez and Aristizabal (2018) these methods allow to keep a detailed relationship 

of the equipment that makes up a business heritage with the use of digital databases, on the other hand 

Valencia (2019) affirms that a correct order in the management of inventories is a fundamental 

component to improve the performance and annual profits of companies. 

 

It is important to mention that several national and international companies have chosen to 

implement interfaces that control inventories, such is the case of companies dedicated to the production 

of toys geographically located in Puyo, Ecuador, which during 2018 and 2019 designed an inventory 

control system achieving the following benefits: 1) Supply customers in a timely manner with the most 

in-demand products, 2) Considerably reduce the total investment in logistics activities directly and 

indirectly involved in inventory control, 3) Significantly improve customer satisfaction, 4) Higher 

profitability rates (Del Sol, Sablón, Barroso, Coello, and Suárez, 2022); the benefits of interfaces related 

to inventory control are also present in the company "Inversiones Novillo de Oro S.A.S." visualizing the 

contribution of added value in the process of resource management and waste reduction (León, 2020). 

Now, specifically in the field of inventory control in Engineering laboratories, Lino (2023) evidences the 

creation of a website with a CSS JavaScript development environment and PHP language in the soils 

laboratory for the Civil Engineering degree at the State University of Southern Manabí. This site allows 

real-time control of loans and inventories of materials, directly contributing to benefiting the process of 

requesting, delivering and returning materials/equipment used by students in the practices they carry out 

daily. These programming environments are made visible in the creation of software or adaptive 

interfaces as good practices that significantly improve response times for the replenishment of materials 

in the laboratories of different higher education institutions. 

 

In accordance with the above and taking into account the need to generate a control means to 

inventory the equipment/devices/ material existing in the Industrial Engineering laboratory (Times and 

movements) of the Instituto Tecnológico Superior de Huauchinango, a technological interface was 

created designed through the MVC or Model-View-Controller model, supported by the PHP 

programming language, which has as its main objective to provide consultation services, reservations, 

loans and returns of equipment and / or tools to users (students, teachers and technicians), as well as real-

time queries of the laboratory stock by system administrators, this system has various categories and 

classifications that facilitate internal control by interested parties / administrators; the process for the 

realization of the interface is made up of 3 phases, which are: 1) Exploratory research: Determine the 

areas that affect inventory control problems and the sources that cause them, 2) Selection of programming 

language factors and design of the logistics interface: An analysis was carried out to determine the 

language suitable for programming the interface, this must be characterized by being easy to understand 

for the administrator(s) and user-friendly, subsequently the programming of the source code for the 

interface was developed, 3) Interface implementation: Generation of the user manual and installation of 

the interface on the assigned computer equipment. 

 

2 Justification 

 

In the national and international environment, various public and private companies and organizations 

require exact control of the inventories they have, therefore the generation of computer means 

characterized by automating the processes of asset protection becomes essential, according to the need 

raised, the use of computer technology is evident for the development of logistics interfaces that control 

loans, deliveries and returns of assets (Material/machinery/equipment/devices etc.). Mentioning various 

organizations that involve logistics interfaces in the inventory control process, the development of a 

system based on the use of information technologies programmed in Access 2000 and Visual Basic, 

version 6.0 for the area of material resources and services (warehouse) of the Technological Institute of 

Saltillo is presented, where inventory control activities were carried out manually, making use of formats 

in Excel and Word bringing with it human errors in the registration of information and a lack of control 

in the loan system to the interested personnel, with the implementation of the proposed interface, an 

internal network was efficiently managed for the assurance of inventories, directly benefiting the 

purchasing area and reducing economic losses derived from thefts and failures in the returns of loans of 

materials (López, López and Vásquez, 2011). 



139 

 

 

Now, from a commercial perspective, Galindo, Aliaga, Bautista, and Anduja (2017) confirm that 

the implementation of inventory control methodologies allows for the efficient organization of 

production systems, improving storage, management, and information administration indicators. With 

the creation of logistics interfaces focused on inventory control, several measurable objectives are 

achieved, among which the following stand out: 1) Generation of open-source web platforms capable of 

maintaining an update system for modern applications that are adaptable to the organizational 

environment; 2) Platforms with different programming levels that support access and functionality for 

both administrators and users; 3) Interfaces adapted to comply with functional and non-functional tests, 

guaranteeing the security of the organizations' information and computing equipment (Troya, 2024). 

 

Specifically, in the time and motion laboratory of the Industrial Engineering program at the 

Instituto Tecnológico Superior de Huauchinango, various activities are carried out that directly involve 

inventory control. This area houses specialized materials, equipment, and devices (Distance meter, 

Tachometer, Blood pressure meter, Digital noise meter, Lux meter, Digital humidity thermometer, Door 

Phone, Sound level meter, Hydrometer, Clamp multimeter, Analog and digital calibrator, CO2 meter, 

etc.) for carrying out various practices/projects corresponding to the training of apprentices. During the 

development of the practices/projects, materials, equipment, and devices are requested from the area by 

apprentices, teachers, or technicians, giving rise to a logistics process that requires maintaining rigorous 

control to ensure efficient delivery, traceability of the loan, and timely return; It is important to mention 

that at the beginning of the research, the control process was carried out using manual records in an input 

log, which was a significant risk that caused a lack of control. Taking this problem into account, a 

logistics interface was designed and implemented based on the MVC model and the PHP programming 

language to optimize the current inventory system of the Industrial Engineering laboratory. 

 

The logistics interface is adaptable from any browser and contains modules for recording inputs 

and outputs, monitoring loan movements, traceability, and returns, creating a complete overview of stock 

(materials, equipment, and devices) in real time. This provides the educational institution with a 

technological tool that will allow it to control the inputs and outputs of items, directly and indirectly 

controlling the logistics processes in the laboratory regarding time and movements, making appropriate 

use of existing computing resources, streamlining academic activities, and strengthening various skills 

and abilities among students, teachers, and technicians to use technological means for continuous 

improvement. 

 

3 General objective 

 

Design and implement an automated interface using the MVC model in the PHP programming language 

to control and optimize the logistics processes (loans, deliveries, returns) of specialized materials/tools 

and equipment, with the goal of optimizing the current inventory system of the Industrial Engineering 

laboratory (Times and movements), located within the facilities of the Huauchinango Higher 

Technological Institute. 

 

3.1 Specific objectives 

 

This research focuses on the following specific objectives: 

 

1. To analyze and determine the main requirements for the development of the logistics interface, 

focusing on the user and the optimization needs of the Industrial Engineering laboratory's 

inventory system (time and movement). 

 

2. To design and create the source code to structure the modules that will make up the logistics 

interface. 

 

3. To generate the user manual and install the interface on the assigned computer, then conduct the 

respective tests to evaluate the usability of the programming system. 
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4 Problem Description 

 

Zapata, Baldovino, Herazo and Millán (2020) consider that inventories are the physical stocks of 

resources or articles, these add up to large economic investments by business, educational or service 

organizations in private and public spheres, these investments materialize with the acquisition of 

materials, machinery and specialized equipment, which must be protected due to their high costs, 

therefore it is essential to create strategies to control the processes demanded by users, these processes 

require strict control and monitoring to avoid economic losses, being essential to automate them with the 

use of technological tools that adapt to the requirements of users and administrators. Particularly the 

described subject is present in educational facilities that have an Engineering laboratory (Times and 

movements), within which high quantities of specialized materials are concentrated that are used daily 

in the realization of practices or activities concerning the educational programs, these engineering 

laboratories choose to create logistics interfaces, capable of creating a synergy between the need to 

control and monitor inventories and deliveries in time and form of materials / equipment or machinery 

that is requested through the activities of loans, tracking and returns, these are automated versions for the 

assurance and management of inventories, identified by the use of an easy-to-understand programming 

language, they must also be adaptable to be installed in any browser and intuitive in their implementation, 

with the objective of reducing errors that cause economic losses and reliably measure the inputs and 

outputs of the inventory protection system. 

 

5 Theoretical Framework 

 

To understand the objective of this research, the theoretical foundations that support the creation of a 

logistics interface for inventory control in specialized Industrial Engineering laboratories are described 

below: 

 

5.1 Inventories 

 

From the perspective of Torres, Mendoza, and Ramírez (2019), inventories are considered goods, 

products, machinery, equipment, or devices that are used by the managers of business/service 

organizations to carry out productive activities, aimed at meeting the requirements of their main clients. 

It is important to consider that inventories represent considerable economic investments; therefore, they 

must be protected to avoid losses due to theft, obsolescence, or misplacement. Proper management of 

inventory inputs and outputs significantly improves the flow of the logistics chain, reducing variability 

in operational processes and ensuring the control and monitoring of organizational assets.  

 

5.2 Inventory Management 

 

Management is the administrative process that regulates the proper functioning of a process, measuring 

the behavior of a system in a timely manner to understand the effects resulting from the interaction of 

quantitative and qualitative variables (Escobar, Linfati, & Adarme, 2017). Inventory management 

monitors and controls the inflow and outflow of tangible assets that are physically stored in warehouses 

or specialized areas, with the goal of safeguarding and preserving them for use when requested by 

users/administrators. Among the many benefits resulting from proper inventory management, the 

following stand out (Figure 1: Benefits of inventory management): 

 

Box 1 
 

 

Figure 1 

Benefits of inventory management  
Consultation Source: Own Preparation 
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5.3 Inventory Control System 

 

According to Corella and Olea (2023), an inventory control system is contextualized as a technological 

grouping of processes and tools created to monitor and ensure the inventory levels of organizations, with 

the main goal of maintaining optimal stock through the development of the following actions: a) Reports 

and analysis of product inputs and outputs, b) Registration, monitoring, and management of loans, 

deliveries, or returns of physical goods, c) Management of existing stock, d) Analysis of requirements in 

real time, e) Generation of alerts and notifications when the control process requires it. Inventory control 

systems come in two forms: manual and automated. Automated systems demonstrate greater control, in 

response to the use of information technologies. This allows for improved supply chain flow (costs/times 

for material acquisition or recovery), increased efficiency of the logistics processes involved, and reduced 

risk of loss of specialized equipment due to lack of traceability in loan, delivery, and return processes. 

 

5.4 Automated Inventory Control Systems 

 

According to Herdoiza (2023), automated inventory control systems are technological solutions that 

employ hardware/software to automatically manage and monitor stock traceability. These systems 

mostly contain the following modules (Figure 2 Inventory control system modules): 

 

Box 2 
 

 

Figure 2 

Inventory control system modules 

Consultation Source: Own Preparation 

 

López (2014) infers that the aforementioned modules are identified by: 

 

- Module 1. User/Administrator Registration: This module allows the creation and management of 

permissions related to user/administrator accounts, authenticates the identity of those involved, 

manages profiles, and controls access according to the role of the interested parties. 

- Module 2. Inventory: This database maintains a complete record of 

materials/equipment/tools/devices, describing the name and main characteristics. In some cases, 

an image identifying the product is added. 

- Module 3. Loan Management: The traceability corresponding to this module allows the 

registration of loans for products requested by users, denoting the following actions: loan 

assignment, late delivery notifications, issuance of fines, verification of loan status, damage or 

loss control, etc. 

- Module 4. Delivery Management) This module controls delivery records, monitors delivery 

dates, and verifies/tracks the status of each delivery (delivered, pending, late, etc.). 

- Module 5. Return Management) The activities carried out in module 5 are: administration and 

recording of returns, generation of statistical analysis to understand the reasons for returns, cost 

and fine management, and return status notifications (delivered, pending, late, etc.). 

- Module 6. Report Generator) The objective of module 6 is to present real-time reports to analyze 

inventory trends or patterns and subsequently make informed decisions. 

 

5.4.1 Logistics Interface 

 

The logistics interface enables integration and communication between the automated inventory control 

system and the modules that manage loans or orders. The interface programming visualizes data 

exchange, integration of internal and external processes involved in achieving user satisfaction, and 

access by administrators. It also optimizes the system to improve the supply chain of 

materials/products/machinery/specialized equipment. Key indicators related to security, scalability 

(handling large-scale data volumes), flexibility (the ability to adapt to include modules that fully optimize 

warehouses and orders), and error reduction in the product provisioning process for users are also 

improved (Flores, Pendones, Sánchez, and Acosta, 2022). 
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5.4.1.1 Programming Language 

 

The programming language used in the creation of logistics interfaces for inventory control is considered 

a set of rules and syntax used to declare instructions that are processed and executed by the computer 

system. These languages are used to develop interfaces, programs, applications, and software to perform 

automated activities. These activities focus on information processing, calculations, and interaction 

between different users/administrators (Tejera, Aguilera and Vílchez, 2020). 

 

It is important to mention that the types of programming languages are (Figure 3 Programming 

Languages): 

 

Box 3 
 

 
 

Figure 3 

Programming Languages  
Consultation Source: Own Preparation 

 

The modalities of each language include the following actions: 

 

1. Imperative programming language: This type of language describes activities with instructions 

programmed in C, Java, or Python (Buriticá, 2017). 

 

2. Declarative programming language: This language focuses on describing instructions using 

functions dictated by Prolog or SQL (Ochoa, 2023). 

 

3. Object-oriented programming language: This type of language creates objects using Java, C#, or 

Python (Vera and Vera, 2023). 

 

5.4.1.2 Advantages and benefits of using a logistics interface 

 

Arias, Salama, and Sierra (2025) infer that the advantages of using a logistics interface are (Figure 4 

Advantages of using a logistics interface): 

 

Box 4 

 

 
 

Figure 4 

Advantages of using a logistics interface  

Consultation Source: Own Preparation 

1. Imperatives 2. Declaratives 3. Object-oriented

Error Reduction: Oncethe inventory control processis automated,the incidenceof human
error in recordinginformationis significantlyreduced,ensuringits accuracy.

Logistics Optimization: The developmentof the interface allows for a broader view,
allowing for accuratestock levels of available materials, machinery, and specialized
equipment.

IncreasedTransparency: Using the logisticsinterfaceprovidesaccessto accurate,up-to-date
informationin realtime,reducingtherisk of errorsin decision-making.

Improved Efficiency: Implementing the logistics interface reducesthe time and use of
human, material, and financial resources,etc., for inventory management,significantly
improvingtheefficiencyof operatingpersonnelandtheuseof equipment.
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Buendia (2023) considers that the benefits of using a logistics interface are (Figure 5 Benefits of 

using the logistics interface): 

 

Box 5 

 

 
 

Figure 5 

Benefits of using the logistics interface  

Consultation Source: Own Preparation 

 

5.5 Engineering Laboratories 

 

Engineering laboratories are contextualized as physical environments used to perform various 

operational tasks or experiments, applying specialized techniques and tools to design and develop new 

educational models. In this workspace, students, teachers, and technicians apply knowledge and skills 

aimed at continuous improvement. However, the objectives of engineering laboratories focus on: 1) 

Training and capacity building for the personnel involved; 2) Research and development of innovative 

solutions; 3) Improvement of educational and business processes; 4) Practices for the analysis of complex 

systems. Most laboratories are categorized as knowledge hubs, generating synergies between technology, 

education, and interested personnel (Ortiz, Zapata, and Venegas, 2022). 

 

5.5.1 Specialized Area for Time and Motion Study 

 

According to Arteaga, Montenegro, Salazar and Cisneros (2020), laboratories specialize according to the 

subject area they serve. This is the case of industrial engineering laboratories, which have specialized 

areas focused on time and motion study. The functions of these specialized laboratories include the 

following (Figure 6. Functions of the Time and Motion Study Laboratory): 

 

Box 6 

 

Figure 6 

Functions of the Time and Motion Study Laboratory  

Consultation Source: Own Preparation 

 

The aforementioned areas of attention directly contribute to the teaching-learning process of IES 

(Higher Education Institutions). Therefore, it is recommended to maintain strict control of the materials 

and equipment physically available to manage the processes within the time and motion laboratory. 

 

Improve supply chain management: The supply of specialized
materials,products,or equipmentfor useby users/administratorsis
improved.

Reduce the risk of inventory loss: Control of receipts when
materialsarerequestedon loan,providingefficient traceability.

Improve decision-making: The resultsobtainedby implementing
thelogisticsinterfaceareaccurate,generatingassertivedecisions.
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the movementof physical goods is safeguardedand monitored,
avoidinglossesandnewacquisitionsof thesematerials.
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5.5.2 Materials, equipment, tools, and devices available in the time and motion laboratories 

 

For the development of the various activities carried out within the time and motion laboratory, the 

physical availability of the following materials, equipment, tools, and devices is considered (Table 1 

Description of Materials, equipment, tools, and devices available in the time and motion laboratories): 

 

Box 7 
 

Table 1 

Description of Materials, equipment, tools, and devices available in the time and motion laboratories 
 

Item name Features/main feature 

Distance Meter Distance meter with a laser area projected at 100 meters. 

Digital Tachometer Manual engine speed meter. 

Blood Pressure Meter Automated blood pressure monitor. 

Digital Noise Meter Noise meter with a measuring range of 30 dBa to 130 dBa; with a frequency response of 31.5 

Hz at 8 kHz/h and binary sampling rate (Twice per second). 

Brightness Meter (Lux 

Meter) 

Auto-ranging brightness measurement with speed indicator and built-in temperature meter. 

Digital Humidity 

Thermometer 

Auto-ranging ambient condition measurement (recording maximum and minimum temperature 

levels) features dual sensors for measurement in Celsius and Fahrenheit. 

Thermometer Classic thermometer with a series of environmental protection detectors. 

Door phone Doorphone for intercommunicating at an operating distance of 20 meters, using connected lines, 

characterized by its energy savings without the availability of guards. 

Handheld Sound Level 

Meter 

Characterized by measuring acoustics in both indoor and outdoor areas, indicating optimal levels 

for acoustic engineering operations, maintaining high levels of health prevention in 

environments with high ambient noise interaction. 

Thermohydrometer It is physically identified by having a 4.5 V input (3x AAA), with a sampling time of 0.55 

seconds, and measuring temperature levels within a range of -10°C (-14°F to 140°F) +/- 1.5°C. 

Clamp Multimeter This device is suitable for measuring resistance, nodes, and DC and AC voltages. with accurate 

AC amperage recording and audible continuity via quantitative data hold. 

Analog Caliper/Digital 

Caliper 

It features a locking knob scaled in millimeters and inches, with a manual adjustment control. 

Clear Safety 

Glasses/Black Safety 

Glasses 

Traditional style with protective side covers. 

Digital PC Camera Digital device that physically features USB interfaces ranging from 2.0 to 3.0 with built-in 

microphones. 

CO2 Monitor CO2 (air quality) recording monitor, measuring ranges from 0 to 9,999 ppm (CO2), with 

minimum to maximum CO2 value recall, year/month/date/time display, and automatic reference 

calibration (Minimum CO2 level for 7.5 days). 

Bench Edger The main features of this machine are: Gross/net weight 16/14 kg, power 1100w, maximum 

cutting thickness 6" (153 mm), maximum cutting depth 1/8" (3 mm), head rotation speed 10000 

rpm, number of blades 2, table dimensions 28 1/2" x 6 1/4" (725 x 160 mm), fence dimensions 

21 x 4 1/4" (530 x 110 mm), dust collector port 2 1/2" (60.5 mm) and fence inclination 0°- 45°. 

Telescopic Compound 

Angle Saw 

The main features of this machine are: 3 HP motor (Max. output), 10" diameter disc, 5/8" arbor, 

40 carbide tips, 13-3/4" x 18-1/8" (34.92 x 46.03 cm) work table, 11" (27.94 cm) work table, 3-

5/8" x 12" (9.20 x 30.48 cm) cross cut capacity, 3-5/8" x 8" (9.20 x 20.32 cm) bevel cut capacity, 

1-5/8" x 12" (4.12 x 30.48 cm) miter cut capacity and 1-5/8" x 8" (4.12 x 20.32 cm) compound 

cut capacity. 

Portable Wood Planer The main features of this machine are: 2.5 hp portable planer, top-mounted return rollers, 

stainless steel table that allows wood to pass through with great ease, extra-long table extensions 

with rollers, thermal switch and ergonomic handle for better grip. 

Wood Table Saw The main features of this machine are: Universal motor, cast aluminum work table 584.2x 495.2 

mm// cast aluminum 23" x19-1/2", aluminum extrusion fence with quick lock, maximum cutting 

thickness 90 degrees 3" (76.2 mm.) 

 
Consultation Source: Parada, Orozco, Pérez, and Barrios (2020) 

 

 

6 Methodology 

 

The methodology corresponding to the development of the logistics interface for inventory control in 

specialized Industrial Engineering laboratories included the implementation of the following phases 

(Figure 7 Phases of the applied methodology): 
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Box 8 
 

 
 

Figure 7 

Phases of the applied methodology  

Consultation Source: Own Preparation 

 

6.1 Phase 1) Exploratory research: In this phase, an information search was carried out to 

determine which of the operational areas that support the Industrial Engineering Degree present the 

greatest problems related to the lack of inventory control of materials, equipment and devices. The 

analysis carried out allowed us to detect that the areas with the greatest degree of affectation are: The 

Engineering laboratory (Specialized area for the study of times and movements) (44%) and the 

multipurpose laboratory (20%) (Figure  8 Results of Exploratory Research). 

 

Box 9 

 

Figure 8 

Results of Exploratory Research 

 

 
 

Consultation Source: Own Preparation 

 

Once the main affected areas were detected, the investigation continued with the detection of the 

sources that cause these effects, highlighting the following: 1) Unrecorded loans, 2) Poor traceability 

(Returns), 3) Outdated student database, 4) Inventory of materials/machinery/equipment/devices is not 

updated (Figure 9 Sources that cause the main problems). 
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Box 10 

 

Figure 9 

Sources that cause the main problems 

 

 
 

Consultation Source: Own Preparation 

 

As is known in, the main sources that cause the problems are: 1) The existence of unregistered 

loans (36.4%) and the existence of poor traceability in the return processes (30%) of 

materials/machinery/equipment and devices, therefore the logistics interface must eliminate/reduce the 

factors that cause the detected sources, to maintain an efficient control system in the inventory system. 

 

6.2 Phase 2) Selection of programming language factors and design of the logistics interface: The 

development of the logistics interface for inventory control in specialized Industrial Engineering 

laboratories is based on a multidisciplinary design approach, considering the administrator as the primary 

user, through the "Administrator-Centered" programming model (Table 2 "Administrator-Centered" 

Programming Model), focusing on the following objectives: 1) Usability, 2) Environment, 3) Operational 

flow. Considering the aforementioned programming model, the following factors were selected: 

 

- PHP programming language: Characterized by being open source and constantly improving 

(adaptable to the future needs of the selected area). 

- Localhost: Configuration of the computer as a web server, to access the interface locally and 

adapt or understand its operation in real time. 

- Xampp: Open source, platform-independent server for installing applications and databases that 

will be used as intermediaries in the interface programming. 

- MySQL: Database management system that fully integrates the inventory control modules of the 

Logistics Interface (Model-View-Controller (MVC) architecture). 

 

Box 11  
 

Table 2 

"Administrator-Centered" Programming Model 
 

 

Consultation Source: Own Preparation 

 

Once the factors that make up the programming language are selected, the interface is designed, 

considering the development of the following two cases: 

0.0%5.0%10.0%15.0%20.0%25.0%30.0%35.0%40.0%

Unrecorded loans

Poor traceability (Returns)

Outdated student database

Inventory of

materials/machinery/equipment/é
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19.6%

14%

Sources that cause the main problems

Role Description 

Role: Administrator 
Description: Responsible for managing the interface's credentials and modules. The modules 

controlled and managed are: Login, Inventory, Students, Loans, Returns, History, Support, etc. 

Role: User 

Description: Limited to having contact with the interface by requesting 

equipment/machinery/tools/devices through the "Loan" module, which allows you to register as 

a user, entering the corresponding credentials, and subsequently receive authorization for the 

request made. 
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- Case 1) Administrator-home use 

- Case 2) Administrator-support use 

 

The content of each of the cases explicitly requires that the XAMPP system be operational, 

running Apache and MySQL, and that the user be authenticated as an administrator. Specifically, the 

variables involved in the cases are explained below: 

 

Case 1) Administrator-home use. Direct interaction in this first case is explained in the inventory, 

student, loan, refund, history, and support modules, with a description of the following scenarios (Table 

3 Case 1 Scenarios): 

 

Box 12  
 

Table 3 

Case 1 Scenarios 

 
Code Scenarios 

Inv-02  

Add Article 

 

1. Within the inventory module, select the section and add an item. 

2. Enter the required information in the corresponding fields. 

3. Select the "Add" button to register the new item to the system's inventory. 

Inv-02  

Edit article 

1. Within the inventory module, select the section and view item information. 

2. Enter the required data in the corresponding inventory update fields. 

3. Select the "Add" button to record the changes made to the item in the system's inventory. 

Inv-03 

Article deletion 

1. Within the inventory, select the section and delete the item from the inventory. 

2. Select the "Delete" button and confirm the deletion of the item. 

Alum-01 

Add student 

1. Within the student module, select the "View" section. 

2. Enter the new information in the corresponding fields to successfully edit the student. 

3. Select the "Update" button to confirm the student's successful registration. 

Alum-03 

Delete student 
1. Within the student module, select the "Delete" section. 

2. Select the "Delete" button to confirm the successful deletion of the student from the system. 

Prest-01 

 

Add Loan 

1. Within the loan module, select the "Add" loan section. 

2. Enter the required information in the corresponding fields to successfully complete the loan. 

3. Select the "Add" button to successfully register the loan. 

Prest-02 

Edit Loan 
1. Within the loan module, select the "View" loan section. 

2. Enter the "New" information in the corresponding fields to correctly edit the loan. 

3. Select the "Update" button to successfully record the changes within the loan. 

 
Consultation Source: Own Preparation 

 

Case 2) Administrator-support use, for the design of this case the interaction of the history with 

the following variables is introduced: a) Table, b) Action, c) Old value, d) New value, through the 

development of the following scenarios (Table 4 Scenarios case 2): 
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Table 4 

Scenarios case 2 

 
Code Scenarios 

Hist-01 

Description of the "Table" 

Section 

1. Within the History module, select the "Table" section. 

2. In the Table section, you can see the transactions made in each module corresponding to the system. 

3. The "Table" section allows you to recognize the transactions made individually, separating them by modules. 

Hist-02 
Description of the "Action" 

Section 

1. Within the History module, select the "Action" section. 
2. In the "Action" section, you can see the actions performed for each transaction within the system, from adding and 

editing to deleting an item, student, or loan. 

Hist-03 
Description of the "Old or 

Current Value" section 

1. Within the History module, select the "Old Value" section. 
2. In the "Old Value" section, you can view the content of the action performed, including information such as item 

quantities, loan completion, and student updates, as well as the deletion of loans, students, or inventory. 

Hist-04 
Description of the "New 

Value" Section 

1. Within the History module, select the "New Value" section. 
2. The "New Value" section displays any edits or updates regarding a loan, student data, or inventory item data. 

3. Returns the updated value of an action. 

Suport-01 

Support Module 

1. Within the Support module, select the "User Manual" section. 

2. The "User Manual" section allows you to download and view the user manual created for the system, which details 
the process for performing each action within the modules that make up the system 

 
Consultation Source: Own Preparation 
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The programming code that supports the structure of cases 1, 2 with their different scenarios, is 

established in this phase, generating the Logistics Interface for inventory control in specialized Industrial 

Engineering laboratories (Figure 10 Abstract of the logistics interface programming code). 

 

Box 14 
 

 
 

Figure 10 

Abstract of the logistics interface programming code  

Consultation Source: Own Preparation 

 

6.4 Phase 3) Logistics Interface Implementation: To complete Phase 3, the following activities 

were carried out: 

 

1. Development of a user manual for the interface's operation. 

2. Establishment of an effective communication system with the head of the time and motion 

laboratory to determine work guidelines and conduct an analysis of the technical requirements 

for installing the developed interface. 

3. Installation of the interface. 

4. Implementation of a training process for personnel involved in using the interface. 

5. Assessment of the learning obtained during the training period for the personnel involved. 

6. Monitoring of the interface implementation process (3-month period). 

7. Reception of improvement ideas for developing/updating the interface, in accordance with the 

requirements presented during the monitoring period. 

8. Development/updating of interface programming. 

9. Validation of the final usability of the programming language. 

 

 

 

 

 

Hecho "Hay una sesion"; 

$user->setUser($userSession->getCurrentUser()); 

include_once 'pages/home.php'; 

} else if (isset($_POST['correo']) &&  isset($_POST['password'])){  

$userForm = $_POST['correo']; 

$passForm = $_POST['password']; 

if ($user->userExists($userForm,$passForm)){  

$userSession->setCurrentUser($userForm); 

$user->setUser($userForm); 

include_once 'pages/home.php'; 

} else{  

$errorLogin = "Nombre de usuario y/o password incorrecto"; 

include_once 'pages/login.php'; 

}  

} else if (isset($_POST['registro'])){  

if ($user->addUser($_POST)){  

?> 

<script> 

alert('Usuario agregado correctamente'); 

window.location.replace('http://localhost/login/'); 

</script> 

<?php 

}  else {  

?> 

<script> 

alert ('Usuario no agregado'); 

window.location.replace('http://localhost/login/'); 

</script> 

<?php 
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7 Results 

 

The results obtained in Phase 1 made it possible to identify the areas with the highest incidence of 

inventory control issues. Once the areas were observed, the main sources of the lack of control were 

determined. This information was relevant because it is the starting point for the design of the logistics 

interface, which was developed in Phase 2. Specifically, the programming language was selected based 

on the most relevant factors, as well as the different scenarios involved in inventory control, primarily 

related to equipment, machinery, devices, and tools housed in the Industrial Engineering Time and 

Motion Laboratory. At the end of Phase 2, the logistics interface was created, which includes the 

following modules: 

 

Module I: System Access 

 

Through this module, the administrator of the Time and Motion Laboratory will be able to access the 

Inventory Control System by entering their username and password. In case incorrect data cannot be 

entered into the system, it is important to consider that within this module is the registration button for 

new users (Figure 11 Module I: Access to the system). 

 

Box 15 
 

 

 

Figure 11 

Module I: Access to the system  

Consultation Source: Own Preparation 

 

The inventory control system has a main page with the sections "Inventory," "Students," "Loans," 

"Returns," and "History," as well as an integrated search bar that allows you to search for specific content 

by entering keywords. 

 

Module II: Inventories 

 

The main screen defaults to the inventory, which displays the registered items that the laboratory 

physically has, the number of specimens, and their availability. 

 

Within this section, the "Add," "View," and "Delete" item functions are enabled. The functions of 

Module II are described below: 

 

1. Add Function: This function allows the user to add new items to the inventory by entering the 

equipment/tools/machinery/device data into the form. 

2. View Function: Allows the user to perform queries to view the existing items in the system, 

allowing them to edit and update information. 

3. Delete Function: This function allows the user to delete an item. This movement will be reflected 

in the inventory immediately, leaving a record in the system history (Figure 12 Functions module 

II: Inventories) 
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Figure 12 

Functions module II: Inventories 

Consultation Source: Own Preparation 

 

Module III: Students 

 

This module allows the administrator to perform the following actions: Add, modify, and deactivate users 

in the logistics interface. The module includes the "Add", "View", "Delete", and "Debts" functions. The 

main features are listed below: 

 

1. Debts Function: This section displays existing debts in the system. A debt is considered when a 

user exceeds the loan time limit (3 days). The student ID will change from being in use (Free) to 

blocked, and they will not be able to request a new loan until the first item is returned (Figure 13 

Debts Function in module III: Students). 
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Figure 13 

Debts Function in module III: Students  
Consultation Source: Own Preparation 

 

2. Add Function: The system provides a function for adding a new student by entering the student's 

data into the form. 

 

3. View Function: The user can query existing students registered in the system, allowing them to 

edit and update information according to each user's status. 
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4. Delete Function: The system provides a delete function. This function allows the 

user/administrator to control logistics movements and view the status of loans and refunds in 

progress. They also have access to the history to verify system traceability (Figure 14 Traceability 

of module III: Students). 
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Figure 14 

Traceability of module III: Students  
Consultation Source: Own Preparation 

 

Module IV: Loans 

 

The actions performed within this module record the incoming and outgoing items. This section displays 

current loans registered in the system. It also includes the "Add," "View," and "Delete" functions. These 

functions are characterized by: 

 

1. Add function: Allows the user to add a new loan. The administrator enters the requested 

information into the form and verifies the student's status. The form includes a comments section 

for providing a summary or description of the equipment and the loan being made (Figure 15 Add 

function of Module IV: Loans). 
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Figure 15 

Add function of Module IV: Loans  
Consultation Source: Own Preparation 

 

2. View Function: The user/administrator accesses real-time queries to view the status of 

outstanding loans (viewing the description of the item in the loan process referenced with images) 

allowing for editing and updating of information. This function is intended to generate traceability 

in the equipment/tools/machinery/device loan process. 

3. Delete Function: Once the equipment/tools/machinery/device is physically returned using this 

function, the loan is canceled, leaving a record in the history for future traceability tracking 

applications (Figure 16 Delete Function of module IV: Loans) 
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Box 20 
 

 

 

Figure 16 

Delete Function of module IV: Loans  

Consultation Source: Own Preparation 

 

Module V: History 

 

In this module, the administrator views transactions within the system related to loans, returns, and new 

users, as well as the updating/deletion of physical products in inventory (Figure 17 Module V: History). 

 

Box 21 
 

 

 

Figure 17 

Module V: History  
Consultation Source: Own Preparation 

 

In general, the logistics interface includes a support section, characterized by the user manual. 

The user manual includes a general description of the system's functions. This description can be used 

by the administrator to implement each of the modules (I, II, III, IV, V) that comprise the logistics 

interface, providing efficient content management tasks (Figure 18 Logistics Interface Support Section). 

 

Box 22 
 

 
 

Figure 18 

Logistics Interface Support Section  
Consultation Source: Own Preparation 

 

In conclusion, the results of Phase 3 enabled staff training, creating a proactive work team that 

directly benefited the inventory control process in the specialized time and motion laboratory of the 

Industrial Engineering Program at the Huauchinango Higher Technological Institute. 

 

Conclusions 

 

With the design, development, and implementation of the logistics interface for inventory control in 

specialized Industrial Engineering laboratories, a positive impact is evident on the loan and return 

processes of the time and motion laboratory of the Instituto Tecnológico Superior de Huauchinango.  
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 This generated an efficient traceability system that allows the inventory processes of 

machinery/equipment/materials/devices to be monitored in real time, preventing their loss and reducing 

the costs of making new purchases to replace those lost due to lack of inventory control. It is important 

to consider that the designed system allowed the automation of loan/return processes, reducing the level 

of human error when performing these activities manually, confirming that the use of information 

technology for the benefit of administrative improvements directly impacts the generation of short-, 

medium and long-term solutions. Specifically, the created logistics interface solves a real-world problem 

with the implementation of 5 modules. Each of these modules significantly contributes to the strategic 

process that guides inventory control in specialized laboratories, denoting the following contributions 

per module: 

 

- Module I: System Access: With the development of this module, administrators/users are granted 

access to the general content of the system. It is important to note that the administrator must 

authenticate using a username and password, providing security and confidentiality to the internal 

database managed by the interface, as well as the automated digital storage of 

machinery/equipment/materials/devices. 

- Module II: Inventories: The importance of this module focuses on the timely accounting of 

machinery/equipment/materials/devices, including accessibility for registering new items 

whenever the user/administrator wishes to perform the activity. This module also relies on visual 

representations of each element, providing an intuitive interface that enhances the system's 

usability. 

- Module III Students: Considering that the school roster is updated semiannually, this module 

demonstrates the accessibility of these updates, allowing for timely record keeping of current 

enrollment. This allows for tracking student loan needs, significantly streamlining inventory 

control for the machinery/equipment/materials/devices most frequently used in the various 

activities of the Industrial Engineering educational program (PE). 

- Module IV Loans: Considered the core module, it provides continuous monitoring of the loan 

process, streamlining the physical delivery and receipt of items in accordance with institutional 

policies, holding students accountable for the timely delivery of items, and ensuring that the 

delivery preserves their physical condition. 

- Module V History: Generates traceability in loan and return processes, establishing a history to 

identify the main causes of delays, as well as users (students) who fail to deliver the requested 

machinery/equipment/materials/devices in a timely manner, maintaining secure inventory 

control. 

 

In conclusion, the generation of the logistics interface brought significant improvements in 

tracking times for loans/returns of items currently in the time and motion laboratory. This established an 

automated control system based on an open-source programming language, with a user-friendly interface 

for the administrator/user. This demonstrates the technological impact on the interface's usability and the 

economic benefit to the school activities of students in the Industrial Engineering program at the 

Huauchinango Higher Technological Institute (ITSH). 
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