
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Volume 11, Issue 31 – e20241131 January – December – 2024 

Journal of 
Information 

Technologies 

ISSN: 2410-4000 



ECORFAN-Bolivia 

 
Editor in Chief 

Quintanilla - Cóndor, Cerapio. PhD  

 

Executive Director 

Ramos-Escamilla, María. PhD 

 

Editorial Director 

Peralta-Castro, Enrique. MsC 

 

Web Designer 

Escamilla-Bouchan, Imelda. PhD 

 

Web Designer  

Luna-Soto, Vladimir. PhD 

 

Editorial Assistant  

Rosales-Borbor, Eleana. BsC 

 

Philologist 

Ramos-Arancibia, Alejandra. BsC 

  
 

  

Journal of Information Technologies, 
Volume 11, Issue 31: e20241131 January - 

December, 2024, is a Continuous publication – 

ECORFAN-Bolivia. Loa 1179, Sucre City. 

Chuquisaca, Bolivia. WEB: www.ecorfan.org, 

revista@ecorfan.org. Editor in Chief: 

Quintanilla - Cóndor, Cerapio. PhD. ISSN: 

2410-4000. Responsible for the last update of 

this issue of the ECORFAN Informatics Unit. 

Escamilla-Bouchán Imelda, Luna-Soto, 

Vladimir, updated December 30, 2024. 

 

The views expressed by the authors do not 

necessarily reflect the views of the publisher. 

 

Reproduction of all or part of the contents and 

images of the publication without the permission 

of the National Institute of Intellectual Property 

is strictly prohibited. 



Journal of Information Technologies 

 
Definition of Journal 

 
Scientific Objectives 

 

Support the international scientific community in its written production Science, Technology and 

Innovation in the Field of Engineering and Technology, in Subdisciplines of computer architecture, data 

banks, code and coding systems, design of communication systems, design of sensor systems, logical 

design, storage devices, control devices, data transmission devices, teaching with computer support, 

reliability of computers, heuristics, computers, machine arithmetic instructions, artificial intelligence, 

algorithmic languages, programming languages, computer logic, maintenance of computers, causal 

models, analog computers, digital computers.. 

 

ECORFAN-Mexico, S.C. is a Scientific and Technological Company in contribution to the Human 

Resource training focused on the continuity in the critical analysis of International Research and is 

attached to CONACYT-RENIECYT number 1702902, its commitment is to disseminate research and 

contributions of the International Scientific Community, academic institutions, agencies and entities of 

the public and private sectors and contribute to the linking of researchers who carry out scientific 

activities, technological developments and training of specialized human resources with governments, 

companies and social organizations. 

 

Encourage the interlocution of the International Scientific Community with other Study Centers in 

Mexico and abroad and promote a wide incorporation of academics, specialists and researchers to the 

publication in Science Structures of Autonomous Universities - State Public Universities - Federal IES - 

Polytechnic Universities - Technological Universities - Federal Technological Institutes - Normal 

Schools - Decentralized Technological Institutes - Intercultural Universities - S & T Councils - 

CONACYT Research Centers. 

 

Scope, Coverage and Audience 

 

Journal of Information Technologies is a Journal edited by ECORFAN-Mexico, S.C. in its Holding with 

repository in Bolivia, is a scientific publication arbitrated and indexed with semester periods. It supports 

a wide range of contents that are evaluated by academic peers by the Double-Blind method, around 

subjects related to the theory and practice of computer architecture, data banks, code and coding systems, 

design of communication systems, design of sensor systems, logical design, storage devices, control 

devices, data transmission devices, teaching with computer support, reliability of computers, heuristics, 

computers, machine arithmetic instructions, artificial intelligence, algorithmic languages, programming 

languages, computer logic, maintenance of computers, causal models, analog computers, digital 

computers with diverse approaches and perspectives, that contribute to the diffusion of the development 

of Science Technology and Innovation that allow the arguments related to the decision making and 

influence in the formulation of international policies in the Field of Engineering and Technology. The 

editorial horizon of ECORFAN-Mexico® extends beyond the academy and integrates other segments of 

research and analysis outside the scope, as long as they meet the requirements of rigorous argumentative 

and scientific, as well as addressing issues of general and current interest of the International Scientific 

Society. 

 

 

 

 

 

 

 

 

 

 

 

 

 



Editorial Board  
 

Castillo - López, Oscar. PhD  

Academia de Ciencias de Polonia 

 

Cendejas - Valdez, José Luis. PhD  

Universidad Politécnica de Madrid 

 

Hernández - Prieto, María de Lourdes. PhD 

Universidad Gestalt 

 

López - Bonilla, Oscar Roberto. PhD  

State University of New York at Stony Brook  

 

Martinez - Alvarado, Luis. PhD  

Universidad Politécnica de Cataluña  

 

Mayorga - Ortiz, Pedro. PhD  

Institut National Polytechnique de Grenoble  

 

Robledo - Vega, Isidro. PhD  

University of South Florida 

 

Rodriguez - Robledo, Gricelda. PhD 

Universidad Santander 

 

Tirado - Ramos, Alfredo. PhD  

University of Amsterdam 

 

Valerdi, Ricardo. PhD 

Universidad de Arizona 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Arbitration Committee 
 

Orantes - Jiménez, Sandra Dinorah. PhD 

Centro de Investigación en Computación 

   

Ortega - Corral, César. PhD  

Universidad Autónoma de Baja California  

 

Palafox - Maestre, Luis Enrique. PhD 

Centro de Investigación Científica y de Educación Superior de Ensenada  

 

Rodríguez - Aguilar, Rosa María. PhD  

Universidad Autónoma Metropolitana  

 

Rosales - Cisneros, Ricardo. PhD 

Universidad Nacional Autónoma de México 

 

Sánchez - Herrera, Mauricio Alonso. PhD 

Instituto Tecnológico de Tijuana  

 

Solorzano - Salgado, Paulina. PhD 

Universidad Autónoma de Querétaro 

 

Torres, Sandra. PhD 

Universidad Tecnologica Fidel Velazquez 

 

Tzili - Cruz, María Patricia. PhD 

Universidad Politécnica del Valle de México 

 

Valdez - Acosta, Fevrier Adolfo. PhD 

Universidad Autónoma de Baja California 

 

Rodriguez - Carvajal, Ricardo. PhD 

Universidad de Guanajuato 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Assignment of Rights 

 

The sending of an Article to Journal of Information Technologies emanates the commitment of the author 

not to submit it simultaneously to the consideration of other series publications for it must complement 

the Originality Format for its Article. 

 

The authors sign the Authorization Format for their Article to be disseminated by means that ECORFAN-

Mexico, S.C. In its Holding Bolivia considers pertinent for disclosure and diffusion of its Article its 

Rights of Work. 

 

Declaration of Authorship 

 

Indicate the Name of Author and Coauthors at most in the participation of the Article and indicate in 

extensive the Institutional Affiliation indicating the Department. 

 

Identify the Name of Author and Coauthors at most with the CVU Scholarship Number-PNPC or SNI-

CONACYT- Indicating the Researcher Level and their Google Scholar Profile to verify their Citation 

Level and H index. 

 

Identify the Name of Author and Coauthors at most in the Science and Technology Profiles widely 

accepted by the International Scientific Community ORC ID - Researcher ID Thomson - arXiv Author 

ID - PubMed Author ID - Open ID respectively. 

 

Indicate the contact for correspondence to the Author (Mail and Telephone) and indicate the Researcher 

who contributes as the first Author of the Article. 

 

Plagiarism Detection 

 

All Articles will be tested by plagiarism software PLAGSCAN if a plagiarism level is detected Positive 

will not be sent to arbitration and will be rescinded of the reception of the Article notifying the Authors 

responsible, claiming that academic plagiarism is criminalized in the Penal Code. 

 

Arbitration Process 

 

All Articles will be evaluated by academic peers by the Double-Blind method, the Arbitration Approval 

is a requirement for the Editorial Board to make a final decision that will be final in all cases. MARVID® 

is a derivative brand of ECORFAN® specialized in providing the expert evaluators all of them with 

Doctorate degree and distinction of International Researchers in the respective Councils of Science and 

Technology the counterpart of CONACYT for the chapters of America-Europe-Asia- Africa and Oceania. 

The identification of the authorship should only appear on a first removable page, in order to ensure that 

the Arbitration process is anonymous and covers the following stages: Identification of the Journal with 

its author occupation rate - Identification of Authors and Coauthors - Detection of plagiarism 

PLAGSCAN - Review of Formats of Authorization and Originality-Allocation to the Editorial Board- 

Allocation of the pair of Expert Arbitrators-Notification of Arbitration -Declaration of observations to 

the Author-Verification of Article Modified for Editing-Publication. 
 

Instructions for Scientific, Technological and Innovation Publication 
 

Knowledge Area 

 

The works must be unpublished and refer to topics of Computer architecture, data banks, code and coding 

systems, design of communication systems, design of sensor systems, logical design, storage devices, 

control devices, data transmission devices, teaching with computer support, reliability of computers, 

heuristics, computers, machine arithmetic instructions, artificial intelligence, algorithmic languages, 

programming languages, computer logic, maintenance of computers, causal models, analog computers, 

digital computers and other topics related to Engineering and Technology. 

 

 

 

http://www.ecorfan.org/pdf/Originality%20Format-Formato%20de%20Originalidad_2.pdf
http://www.ecorfan.org/pdf/Authorization%20Form-Formato%20de%20Autorizacion_2.pdf
http://www.marvid.org/


Presentation of Content 
 

 The first article presents The digital age, without using computers, by Jiménez-García, Martha, 

Gómez-Miranda, Pilar, Rico-Ramírez, Diana Laura, Zarco-Cárdenas, César Alejandro, with adscription 

in the Instituto Politécnico Nacional, UPIICSA, as next article is Augmented reality in education: 

Transforming learning through technology, by Cruz-Loera, Maria De La Luz, Montecillo-Puente, 

Francisco-Javier and Lara-Rivera, Agustín, with adscription in the Tecnológico Nacional de México 

Campus Salvatierra, the next article is Digital marketing in service organizations in the San Martín 

Texmelucan Puebla region, by Irigoyen-Arroyo, Luis Ernesto, Soto-Rivas, Soledad, and Hernández-

Hernández, María Elena, with adscription in the Tecnológico Nacional de México Campus San Martín 

Texmelucan, the next article is Importance of information systems in business decision making for the 

optimization of administrative accounting processes by Dominguez-Lugo, Alma Jovita, Castorena-Peña, 

Jesús Abraham, Cantú-González, José Roberto and De la Rosa-Luna, Noelia, with adscription in the 

Universidad Autónoma de Coahuila, the next article is Digital innovation in the health sector and STEM 

areas in medical entrepreneurship, by Ortiz-Quiroga, Hugo & Flores-Azcanio, Nancy Patricia, with 

adscription in the Universidad Politécnica del Valle de México, as the next article is Electronic 

instrumentation for the acquisition and visualization of data from multiple Sensors in a Graphical User 

Interface in MATLAB, by Ibarra-Bonilla, Mariana Natalia, Alonso-Calpeño, Mariela Juana and Eusebio-

Grande, Raúl, with adscription in the Tecnológico Nacional de México-Instituto Tecnológico Superior 

de Atlixco.  



Content 

Article 

 

Page 

The digital age, without using computers 

Jiménez-García, Martha, Gómez-Miranda, Pilar, Rico-Ramírez, Diana Laura, Zarco-

Cárdenas, César Alejandro 

Instituto Politécnico Nacional, UPIICSA 

 

1-9 

Augmented reality in education: Transforming learning through technology 

Cruz-Loera, Maria De La Luz, Montecillo-Puente, Francisco-Javier and Lara-Rivera, 

Agustín 

Tecnológico Nacional de México Campus Salvatierra  

 

1-7 

Digital marketing in service organizations in the San Martín Texmelucan Puebla 

region 

Irigoyen-Arroyo, Luis Ernesto, Soto-Rivas, Soledad, and Hernández-Hernández, María 

Elena 

Tecnológico Nacional de México Campus San Martín Texmelucan  

 

1-6 

Importance of information systems in business decision making for the 

optimization of administrative accounting processes 

Dominguez-Lugo, Alma Jovita, Castorena-Peña, Jesús Abraham, Cantú-González, José 

Roberto and De la Rosa-Luna, Noelia 

Universidad Autónoma de Coahuila 

1-7 

 

Digital innovation in the health sector and STEM areas in medical 

entrepreneurship 

Ortiz-Quiroga, Hugo & Flores-Azcanio, Nancy Patricia 

Universidad Politécnica del Valle de México  

 

Electronic instrumentation for the acquisition and visualization of data from 

multiple Sensors in a Graphical User Interface in MATLAB 

Ibarra-Bonilla, Mariana Natalia, Alonso-Calpeño, Mariela Juana and Eusebio-Grande, 

Raúl 

Tecnológico Nacional de México-Instituto Tecnológico Superior de Atlixco 
 

 

1-5 

 

 

 

 

1-9 

 



1 

Journal of Information Technologies                                                              11[31]1-9: e11131109 

Article 
 

 

The digital age, without using computers 
 

La era digital, sin usar las computadoras 
 

Jiménez-García, Martha*a, Gómez-Miranda, Pilarb, Rico-Ramírez, Diana Laura c, Zarco-Cárdenas, 

César Alejandro d 
 
a Instituto Politécnico Nacional, UPIICSA •  AGW-9031-2022 •  0000-0002-8556-2955 •  292983 
b Instituto Politécnico Nacional, UPIICSA •  KFB-8604-2024 •  0000-0002-1480-3061 •  551606 
c Instituto Politécnico Nacional, UPIICSA •  LMO-9588-2024 •  0009-0001-6859-8657 •  2047537 
d Instituto Politécnico Nacional, UPIICSA •  LIF-8460-2024•  0009-0008-4015-8562 •  800380 

 

Clasificación CONAHCYT:  

 

Area: Social Sciences 

Field: Economic Sciences 

Discipline: Economics of Technological Change 

Subdiscipline: Technology and Social Change 

 https://doi.org/10.35429/JIT.2024.11.31.1.9 
History of the article: 

Received: January 16, 2024 

Accepted: December 17, 2024 
 

*  [majimenez@ipn.mx]

 

 

Abstract 
 

Some economic theories support the use of technology as a source of 

economic growth. The objective was to perform an analysis of people 

who do not use computers in Mexico, associating their gender, area of 

residence, age, education and socioeconomic status. The research was 

descriptive, and a cluster analysis was performed using an unsupervised 

analysis method with a sample size of 27,923 people. It was found that 

the Rural Group of People do not use the computer because they do not 

know how to use it and because of a lack of economic resources, in 

addition to having a lower educational level and younger age. It is 

concluded that the government should focus public policies on favoring 

these groups in rural communities and consider urban groups of men who 

do not use the computer because they are not interested in using it and do 

not have access to it. Likewise, at the country level there is a digital 

gender gap. 

 

 
 
Socioeconomic, Associating. Rural  

 

 

Resumen  
 

Algunas teorías económicas sustentan el uso de tecnología como fuente 

de crecimiento economico. El objetivo fue realizar un análisis de las 

personas que no usan las computadoras en México asociando, el género, 

área de residencia, edad, escolaridad y estrato socioeconómico. La 

investigación fue descriptiva, y se realizó un análisis de conglomerados 

mediante un método de análisis no supervisado con un tamaño de muestra 

de 27923 personas. Se encontró que el Grupo de personas Rurales no 

usan la computadora por no saber usarla y por falta de recursos 

económicos, además de tener un menor nivel educativo y menor edad. Se 

concluye el gobierno debe de enfocar políticas públicas a favorecer estos 

grupos en comunidades rurales y considerar a los grupos urbanos de 

hombres que no usan la computadora debido a que no les interesa usarla 

y no tienen acceso a la computadora. Asimismo, a nivel pais existe la 

brecha digital por género. 
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Introduction 

 

Various international organisations have 

indicated the use of information and 

communication technologies, among them the 

computer, to promote economic growth which is 

also a function of education, so in this research, 

being in the digital era, people who do not use 

computers were analysed. 

 

First of all, a computer is a modern 

electronic computing machine used for high-

speed calculations and there are desktop, laptop 

and tablet computers. In addition, high-income 

households are more likely to have computers 

and to access online education at home with 

tablets. However, the lack of personal computers 

and smartphones forces students to seek external 

help from neighbours, communities and local 

government (Gu, 2022). 

 

On the other hand, computer networking 

technology connects computers in different 

geographical locations, facilitating the sharing of 

resources and information (Zhu & Luo, 2021).  

 

That is why in education computers are a 

key point to incorporate knowledge to the 

population and obtain a good academic 

performance mainly in mathematics (Saal & 

Graham, 2023) and obtain a better educational 

level (Dondi et al., 2022). 

 

In the area of health, the computer is also 

very important for monitoring the health of each 

patient (Klimova et al., 2020). Similarly, in 

agriculture it is an essential tool which improves 

income growth (Liu & Zhou, 2023), and reduces 

costs, provided that farmers have digital skills 

(Gyawali et al., 2023). It is also a contribution to 

food security (Chandio et al., 2023). On the other 

hand, using the computer presents a benefit to 

society as it improves communication (Sen et al., 

2022), helps to bridge the digital divide (Kevin 

Namiiro Kuteesa et al., 2024).  

 

However, computer use can also be a 

digital addiction when playing online games or 

social networking (Taylor, 2024). 

 

 So it is another important issue to study 

about good computer use. 

 

 

 

Several researches havsze analysed 

computer use from educational aspects in health 

and mainly in agriculture, however, they have 

analysed it separately and in this research a 

cluster analysis is added as a value through an 

unsupervised learning of the causes of not using 

a computer in Mexico including rural and urban 

area, as well as gender, socioeconomic level and 

region of residence of the people. 

 

The objective of the research was to 

perform an analysis of people who do not use 

computers in Mexico with associations 

including gender, socio-economic stratum, 

household kinship, educational level, rural or 

urban area of residence and age group, in order 

to find association groups by rural or urban area 

of residence.  

 

In this way, computer use in the Mexican 

population can be increased. From this research, 

the research question is formulated: do people 

living in rural communities use the computer in 

the same way as those living in urban areas, 

including gender, which is answered by the 

results of this research. 

 

This is followed by a literature review 

involving the relationship of computers in health 

education and agriculture, followed by materials 

and methods, results and conclusions. 

 

Education without computers 

 

Obstacles such as the lack of tablets or 

computers prevent the incorporation of 

educational technology in mathematics by 

teachers (Saal & Graham, 2023). On the other 

hand, German students scored higher in 

mathematics when they had a computer at home.  

 

These students may have used the 

computer under parental supervision, as well as 

sought additional activities and/or tutorials that 

could have broadened their mathematical 

knowledge (Saal & Graham, 2023). Similarly, 

the use of a computer and an Internet connection 

at home had no influence on the mathematics 

scores of South African learners.  

 

This could be because few learners in 

South Africa have access to educational 

technology, especially those in economically 

disadvantaged areas (Saal & Graham, 2023). 
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Furthermore, in China, research was 

conducted on exploring the digital divide 

between urban and rural areas, the results found 

that 83.38% of students from low-income 

families have been able to participate in online 

education at home during the pandemic, while 

16.62% of students from low-income families 

have not been able to do so. For the absence of 

computers, smartphones and broadband Internet 

access in low-income households reduces the 

likelihood that children will be able to 

participate in online education at home, such that, 

in terms of access to online education at home, 

students in urban areas have obvious advantages 

over those in rural areas (Gu, 2021). 
 

Similarly, students can stream 

assignments, take notes and make presentations 

via computers, which are a more convenient 

medium than smartphones. Compared to 

smartphones, computers also have the 

advantages of long battery life, durability and 

more tablet functions (Gu, 2022). 
 

In Italy, non-parametric research 

involving the analysis of 3791 questionnaires on 

the level of parental education in their children's 

digital learning was conducted and found that 

the number of computers and tablets owned by 

the family increased progressively with the level 

of education acquired by the parent (personal 

computer: high school 1.5 ± 0.8 SD, high school 

1.8 ± 1.0 SD, university degree 2.2 ± 1.1 SD, p 

< 0.001) (Dondi et al., 2022). 
 

A significant difference was observed 

between non-Italian parents who felt they did not 

have enough digital skills to follow their 

children in distance learning and the Italian 

population with the same concern (20.2% vs. 

10.3%, p = 0.01). Similarly, non-Italian parents 

complained more frequently about the lack of 

good quality digital equipment (12.6% vs. 5.5%, 

p = 0.01) and reported a lower overall number of 

personal computers (p = 0.04). Compared to 

Italians, non-Italian parents had more difficulties 

with the Italian language (11.8% vs. 0.1%, p < 

0.001) and reported an insufficient level of 

education to support their children's school 

commitments (17.6% vs. 5.7%, p < 0.001) 

(Dondi et al., 2022). 
 

On the other hand, computer use by 

primary school teachers is essential as they are 

the ones preparing digital natives and must be 

well equipped to have a broad digital 

competence (Korkmaz & Akçay, 2024). 

Computers in health 

 

A non-experimental cross-sectional study was 

conducted in Poland to assess participants' 

attitudes towards ICT devices such as a mobile 

phone, a computer and the Internet and found 

that the implementation of e-Health is based on 

ICT devices such as a computer and a mobile or 

smart phone.  

 

To do this they added socio-demographic 

variables to the e-Health analysis, such as age 

and level of education and these variables were 

significantly associated with the selection of 

‘visiting the doctor via the Internet’, for this, 

respondents who had a computer at home were 

more likely to arrange a doctor's visit via the 

Internet (61%) compared to their counterparts 

(6%).  

 

Those who did not have a computer at 

home were more likely to prefer a telephone 

consultation (64%) compared to those who had 

a computer (43.4%) (Klimova et al., 2020). 

 

Computer in agriculture 

 

In China, digital literacy had a significant 

positive effect on the per capita net income, 

wage income and farm income of rural residents, 

as digital literacy contributes significantly to the 

increase in rural residents' income for both high-

income and low-income rural residents; the 

income growth effect is better for the high-

income group, while digital literacy exacerbates 

the intra-rural income gap, so it is important to 

improve the construction of digital infrastructure 

and information platforms, and increase the 

opportunities for rural residents to use digital 

devices by lowering the threshold for their use, 

in order to promote their income growth (Liu & 

Zhou, 2023). 

 

In the United States in Kentucky, 

research was conducted with 314 farmers and 

found that computer use in agriculture is 

influenced by the farmer's educational level, age 

group and ownership of an agriculture-related 

business.  

 

In addition, it was found that younger 

farmers and those with a higher level of 

education are more likely to use computer-based 

technologies (Gyawali et al., 2023). 
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On the other hand, crop farmers use the 

computer to use applications that reduce 

transaction costs, such as accounting and 

inventory management, while livestock 

producers tend to use applications for 

management decision-making and crop and 

livestock management programmes, and 

computer adoption is also related to the size of a 

farm; as farm size increases, so does the 

likelihood of computer use (Gyawali et al., 

2023). 

 

The use of computers and the internet, 

play an important role in benefiting agricultural 

production and food security as it helps them to 

overcome some constraints in agricultural 

production as well as distribution and marketing, 

especially in rural areas (Chandio et al., 2023). 

 

In Nigeria in Gwagwalada council, 

research was conducted with farmers and 

identified several constraints in accessing 

information and communication technologies 

(ICTs), including lack of access to laptops and 

desktop computers, as well as other devices such 

as fax machines and projectors. In addition, lack 

of training and the high cost of ICTs were 

highlighted as barriers to the adoption of 

technologies that could improve agricultural 

productivity (Adeyemi et al., 2023). 

 

Societal benefits of computer use In a 

systematic review on the use of technology in 

older adults, it was mentioned that the 

convenience of computers can improve 

communication and social connections, however, 

there are barriers to technology use, such as lack 

of skills and accessibility, which can affect older 

adults' ability to use computers effectively (Sen 

et al., 2022). 

 

The availability of computers is 

important, but to bridge the digital divide, a 

holistic approach needs to be considered, 

including training and the development of 

appropriate content for each area (Kevin 

Namiiro Kuteesa et al., 2024). 

 

Research conducted in the United States 

with 1453 adolescents aged 13-17 found that 

most adolescents have access to devices such as 

computers. Specifically, 90% of adolescents 

surveyed reported having access to a desktop or 

laptop computer at home. However, for low-

income only 72% have access to a computer at 

home (Anderson et al., 2023). 

 On the other hand, the use of computer 

in Artificial Intelligence applications with 

machine learning can process data to perform 

some anomaly detection and respond to certain 

threats through supervised or unsupervised 

learning with pattern recognition (Rehan, 2024), 

which can be useful in any area of study, which 

justifies the use of computers. 

 

Methodology 

 

The research approach is quantitative and an 

analysis of data open to the general public from 

the National Survey on the Availability and Use 

of Information Technologies in Households 

(ENDUTIH) 2023 (INEGI, 2023) is presented. 

 

Data Sample 

 

The section of users interviewed who do not use 

the computer for various reasons (do not have 

access to the computer, do not know how to use 

the computer, are not interested in using the 

computer or do not use the computer due to lack 

of money) was considered, and variables such as 

socio-economic stratum were also included, the 

relationship of the household, the level of 

education, the area of residence, which could be 

rural or urban, as well as the gender (female or 

male) and an age group which was classified into 

four age groups (6 to 15 years, 16 to 44 years, 45 

to 59 years and 60 to 98 years). The sample size 

was 27923 non-computer users. 

 

Data analysis 
 

A download of the data was carried out, and the 

user section was analysed in relation to the 

response options on ‘Not using the computer’, as 

well as the rest of the variables mentioned in the 

sample.  

 

Afterwards, the data was cleaned and 

debugged in the SQL server software, then 

several graphs were made to analyse the 

behaviour of the data and to be able to make a 

descriptive inference.  

 

With the descriptive analysis it was 

decided to perform a cluster analysis through 

unsupervised learning, with the help of Python 

software through a cluster analysis which was 

validated by an inertia and silhouette test and 3 

clusters were detected which are described 

below. 
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Results 

 

In this section we present descriptive results, as 

well as results of a classification by groups that 

do not use computers in Mexico. 

 

Figure 1 shows that the majority of 

people who do not use computers are found in 

the 16-44 age group, but other groups such as the 

45-59 age group also present a representative 

number to be considered for some analysis. 

 

Box 1 
 

 
Figure 1 

Age groups not using a computer  
Source: Own elaboration 

 

Figure 2 shows the region of people who 

do not use a computer and it can be seen that the 

Southeast region is the predominant one, as well 

as the West Central region. 

 

Box 2 
 

 
Figure 2 

Region of non-computer users  
Source: Own elaboration 

 

 
 

 

 

 

 

 

 

 

 

Box 3 
Table 1 

Users by Region and Entity who do not use a computer 

Entity  Region 

Center 5806 

Hidalgo 1271 

México 1125 

Morelos 1179 
Querétaro 1039 

Tlaxcala 1192 

Central West 7613 

Guanajuato 1311 

Jalisco 1103 

Michoacán de Ocampo 1376 

Nayarit 1199 

San Luis potosí 1294 

Zacatecas 1330 

Northeast 3323 

Durango 1184 

Nuevo León 1003 
Tamaulipas 1136 

Northwest 2249 

Sinaloa 1217 

Sonora 1032 

Southeast 8932 

Guerrero 1394 

Oaxaca 1397 

Puebla 1297 

Quintana roo 1064 

Tabasco 1303 

Veracruz  1350 
Yucatán 1127 

Grand total 27923 

Source: Own elaboration based on INEGI data 
 

Figure 3 shows the number of people 

who do not use a computer by gender and shows 

that women are the ones who do not use a 

computer in the greatest number and that there is 

a digital divide by gender. 

 

Box 4 
 

 
Figure 3 

Gender of non-computer users  
Source: Own elaboration 

 

Figure 4 shows descriptively that the 

Urban area is the one that does not use the 

computer, however, the sample size should be 

analysed by place of residence, as most of the 

respondents live in urban areas. 
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Box 5 
 

 
Figure 4 

Rural and urban area of people who do not use 

a computer  
Source: Own elaboration 

 

Figure 5 shows the reasons why people 

do not use the computer: most of them do not 

know how to use it, followed by the reason that 

they are not interested or do not need it, then 

because they do not have access to the computer 

and lastly because of lack of economic resources. 

 

Box 6 
 

 
Figure 5 

Reasons for not using the computer  
Source: Own elaboration 

 

Figure 6 shows that the people who do 

not use the computer are mainly the head of the 

household followed by the spouse and children. 

 

Box 7 
 

 
Figura 6 

Non-computer users' relationships  
Source: Own elaboration 

Figure 7 shows the socio-economic 

stratum of people who do not use a computer and 

most of them are in stratum 2. 

 

Box 8 
 

 
Figure 7 

Socio-economic stratum of non-computer 

users 
Source: Own elaboration 

 

Figure 8 shows 3 groups, the first group 

is the Rural group where it can be seen that this 

is where most of the rural people who do not use 

the computer are concentrated, despite the fact 

that they are young, because they are below the 

average, This is worrying because they are 

vulnerable young people who live in rural 

communities.  

 

They are also in a low socio-economic 

stratum with a level of studies also lower than 

the average of the population, so it is important 

to analyse this group in order to generate public 

policies to support rural communities and 

specifically young people, because this group 

does not use the computer due to lack of money 

and because they do not know how to use the 

computer and a minority has access to the 

computer.  

 

In relation to the next group which was 

called "Women - Urban", women are found in 

the urban area with the best socio-economic 

level, as well as an above average age, and most 

importantly within this group people are not 

interested in using the computer, but a small 

number do not use the computer due to lack of 

economic resources.  

 

The next group called "Male - Urban", do 

not use the computer because they are not 

interested in using the computer, they do not 

know how to use the computer, but they do 

belong to an above average socio-economic 

stratum and have a high level of education 

compared to women and the rural group. 
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Box 9 
 

 

         Rural Woman-  

Urban 

Man- 

Urban 

 

Figure 8 

Groups of people who do not use computers  
Source: Own elaboration 

 

Conclusions 

 

In Mexico, being in the digital era, there are 

people who do not use the computer, because 

they do not have access to it, or do not know how 

to use it, or are not interested in it, or do not use 

it due to lack of money. In addition, the 16-44 

age group are those who do not use the computer 

in the highest proportion, as well as those who 

live in the Southeast region, which is made up of 

the states of Guerrero, Oaxaca, Puebla, Quintana 

Roo, Tabasco, Veracruz and Yucatán. Similarly, 

in terms of gender, there is a digital divide as 

women do not use the computer in a higher 

proportion compared to men. 

 

Likewise, people do not use the computer 

mainly because they do not know how to use it. 

Similarly, it is the heads of household who do 

not use the computer, with socio-economic 

stratum 2 being the predominant stratum in not 

using the computer, followed by socio-economic 

stratum 3. 

 

In terms of group analysis, the rural 

group does not know how to use the computer 

and does not use it due to lack of money, as they 

are those in the lowest socio-economic stratum 

with a lower than average level of studies and in 

a low age group, which are young people. 

 

In relation to urban areas, men are the 

ones who do not use the computer because they 

are not interested in using it or do not have 

access to it, they do not know how to use it and 

they do not use it due to lack of money. 
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Abstract 
 
Augmented Reality (AR) overlays digital information nto the 
real world, enriching users' interaction with their physical 
environment. Unlike Virtual Reality (VR), AR enhances the 
physical world with interactive content, offering a valuable tool 
for education by boosting learning and information retention. 

This study examines AR's application in English language 
learning, specifically using Unity, a cross-platform game engine, 
and Vuforia, an AR development platform, to create an 
interactive educational tool. Traditional methods like lectures 
and textbooks often fail to engage students, reducing motivation 
and knowledge retention. AR, through its multisensory approach, 
captures students' attention and deepens their understanding of 
concepts. The findings demonstrate AR’s transformative 
potential in language learning by making it immersive and 

interactive. This project illustrates how AR technology can 
overcome challenges in traditional education, providing an 
innovative way to enhance student engagement and learning 
outcomes. 

 

 

 

Augmented reality, Immersive, Interactive 

 

Resumen 

 
La Realidad Aumentada (RA) superpone información digital en 
el mundo real, mejorando la percepción e interacción del usuario 
con su entorno físico. A diferencia de la Realidad Virtual (VR), 
que crea un entorno completamente digital, la RA enriquece el 
mundo físico con contenido interactivo. En educación, esta 
tecnología ha demostrado ser eficaz para mejorar el aprendizaje 
y la retención de información. Este estudio examina la aplicación 

de la RA en la enseñanza del inglés, utilizando Unity, un motor 
de videojuegos, y Vuforia, una plataforma de desarrollo de RA, 
para crear una herramienta educativa interactiva. Los métodos 
tradicionales de enseñanza a menudo no captan efectivamente la 
atención de los estudiantes, reduciendo motivación y retención. 
La RA ofrece una experiencia multisensorial que mejora la 
comprensión de los conceptos. Los resultados demuestran el 
potencial transformador de la RA en el aprendizaje de idiomas al 

hacerlo inmersivo e interactivo. Este proyecto ilustra cómo la 
tecnología de RA puede superar los retos de la educación 
tradicional, proporcionando una forma innovadora de mejorar la 
participación de los estudiantes y los resultados del aprendizaje. 
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Introduction 

 

In the digital age, the incorporation of emerging 

technologies has revolutionised many aspects of 

learning, and Augmented Reality (AR) is one of 

the most promising tools in this field. AR allows 

digital information, such as images, sounds or 

text, to be superimposed on the physical 

environment through devices such as 

smartphones, tablets and smart glasses. 

 

 Unlike Virtual Reality (VR), which 

creates a fully immersive, digital environment, 

AR enriches the real world, offering an 

interactive, multi-sensory experience that 

enhances the learning process. 

 

English language learning presents 

considerable challenges when traditional 

methodologies are implemented. Lectures and 

textbooks often fail to engage students' attention 

and promote information retention, limiting their 

motivation and understanding of concepts. 

Incorporating AR into English language 

teaching has the potential to transform these 

challenges into more engaging and effective 

learning opportunities. 

 

This project focuses on creating an 

interactive resource for English language 

teaching by combining the Unity and Vuforia 

platforms. Unity, known as a video game 

development engine, is also widely used to 

create interactive AR applications, while 

Vuforia facilitates image and object recognition 

to overlay digital content in real time. By 

integrating these tools, the aim is to develop an 

interactive educational book that motivates 

students and provides them with an enriched and 

personalised learning experience.  

 

This innovative approach aims not only 

to teach English effectively, but also to 

encourage greater motivation and participation 

in the learning process. 

 

Augmented Reality (AR) is a 

technology that adds digital content (images, 

sounds, text) to the real world through devices 

such as smartphones and smart glasses, 

enhancing user interaction and perception. 

Unlike Virtual Reality (VR), which generates 

completely digital environments, AR 

complements the physical environment with 

interactive content. 

 

Unity is a cross-platform game 

development engine for creating interactive 

environments, widely used for AR and VR 

experiences. 

 

Vuforia is an AR platform that 

recognises and tracks real-world objects, 

allowing digital content to be overlaid in real 

time. 

 

This research project uses Unity and 

Vuforia to develop an interactive book that 

facilitates English language learning, improving 

student motivation and comprehension. AR in 

education has key benefits, such as: 

 

- Increased motivation and engagement 

through interactivity and visual appeal. 

 

- Contextual learning by applying 

English in real-life situations. 

 

- Personalisation of learning adapted to 

different learning styles and levels, 

which optimises educational 

effectiveness. 

 

Requirements to run Unity and Vuforia 

include: 15 GB of space, 4 GB of RAM and 

Windows 7 or MacOS X 10.8 or higher. 
 

Methodology 
 

The project arose from a thorough review of the 

Augmented Reality literature and a technical 

study of the Unity and Vuforia platforms. With 

the theoretical and technical understanding 

acquired, we moved on to the practical phase, 

which included the installation of the necessary 

software to develop an application. Over several 

sessions, an interactive APK was designed in 

Unity that integrates an educational book with 

Augmented Reality to support the teaching of 

English. 
 

To develop the English learning 

application, we used the following tools: 
 

Unity: Main development engine for its 

ability to create interactive 3D environments and 

its compatibility with Augmented Reality 

(IMAGE 1). 
 

Vuforia: Selected to implement 

Augmented Reality, excelling in the recognition 

of images and objects in real time to overlay 

digital content (IMAGE 2). 
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Laptop: Device used for the whole 

development (IMAGE 3). 

 

Box 1 

 

 
 

Figure 1 

Illustrates the motor of unity 

 

Box 2 

 

 
 

Figure 2 

Illustrates Vuforia Engine 

 

Box 3 

 

 
 

Figure 3 

Installation and configuration environment  
 
 

 

Benefits of the book was to improve 

language skills in children. This immersive 

technology allows interaction with virtual 

elements in the real environment, offering 

solutions such as: 

 

1. Improvement of language skills through 

interaction in English. 

2. Increased knowledge retention due to its 

practical and contextual approach. 

3. Increased motivation in learning through 

a playful methodology. 

4. Personalisation adapted to individual 

level and pace. 

5. Promotion of autonomous practice at any 

time and place. 

6. Promotion of confidence in the use of the 

language in a safe way. 

7. Adaptability to different learning styles 

with a multi-sensory experience. 

8. Assessment of progress for specific 

feedback. 

9. Simulation of everyday scenarios in 

English for preparation in real situations. 

10. Inclusive access through a mobile 

application for a wide audience. 

 

This is achieved by implementing image 

creations to support the booklet. 

 

Image Target Creation 

 

To create the image targets, the Vuforia tool is 

required, which is compatible with 3D models, 

facilitating their integration in augmented reality. 

 

Box 4 

 

 
 

Figure 4 

Image target configuration 

 

Construction process from an 

Augmented Reality pattern, through the camera 

and 3D modelling with a smart phone.  
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Box 5 
 

 
 

Figure 5 

Construction process from an Augmented 

Reality 

 

Resulting in examples such as the one 

shown below. Implementing different image 

targets and adding audio to them leads to the 

implementation of various solutions. 

 

Box 6 
 

 
 

Figure 6 

The target image of an astronaut is displayed 

 

Box 7 
Table 1 

 
Parameter Level(%) 

of teaching 

Source 

+Increased knowledge retention 

 

+ Personalisation of learning 

 

+Facilitation of autonomous 

practice 

 

+Confidence building in 

interacting with the language 

 

+Adaptability to different 

learning styles 

 

+Evaluation of individual 

progress 

 

 

+Preparing for real-life situations 

 

+ Inclusive access through the 

application 

 

80% 

 

85% 

 

 

4.5/5 

 

 

    70% 

 

 

 

4.8/5 

 

 

    78% 

 

 

 

82% 

 

 

90% 

 

Journal of 

Educational 

Technology 

Educational 

Research 

Review 

Computers & 

Education 

Journal 

Language 

Learning & 

Technology 

British Journal 

of Educational 

Technology 

Educational 

Assessment 

Journal 

 

Journal of 

Interactive 

Learning 

Accessibility in 

Education 

Report 

 

 

 

Box 8 
 

 
 

Figure 6 

A 3D image of a horse is shown 

 

Results 

 

The development of the interactive book based 

on Augmented Reality (AR), using Vuforia and 

Unity, succeeded in creating an innovative 

educational tool that optimised the English 

teaching process. Through the process shown in 

the image. 

 

As a result, an installable semi-functional 

APK was developed that starts with a loading 

screen and then displays the main menu. Within 

this, there are learning options that operate 

through image targets of the Vuforia package for 

augmented reality integration. The 

implementation of a login system to store the 

user's progress is still pending. 
 

Box 9 
 

 
 

Figure 7 

Main menu of the created apk 

 

 

 

 

 

 

https://doi.org/10.35429/JIT.2024.11.31.1.7


5 

Journal of Information Technologies                                                              11[31]1-7: e21131107 

Article 
 

 

ISSN: 2410-4000. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

 

Cruz-Loera, Maria De La Luz, Montecillo-Puente, Francisco Javier and 

Lara-Rivera, Agustín. [2024].  Augmented reality in education: 

Transforming learning through technology. Journal of Information 

Technologies. 11[31]1-7: e21131107. 

https://doi.org/10.35429/JIT.2024.11.31.1.7 

Box 10 
 

 
 

Figure 8 

Audio configuration for image targets 

 

This also results in the booklet and the 

application. 

 

Box 11 
 

 
 

Figure 9 

Booklet created for the application 

 

Providing an improvement in: 

 

Increased motivation: Students using the 

interactive book with AR showed higher 

engagement than with traditional methods, 

thanks to the multi-sensory interaction with 3D 

content and animations. 

 

Increased retention of information: 

Students using the AR book retained more 

knowledge, thanks to the use of 3D models and 

sound, compared to using conventional texts. 

 

Accessibility and simplicity: The AR 

application is compatible with common mobile 

devices, making it easy to use in the classroom 

and intuitive for students and teachers. 

 

Positive teacher evaluation: Educators 

valued AR for its ability to personalise and adapt 

content to various learning levels. 

 

Box 12 
 

 
 

Figure 9 

Final result of the application with the 

demonstration of the image of a horse in 3D and 
with the audio of its a hourse and then its sound 
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Conclusions 

 

This study reveals that Augmented Reality (AR) 

has considerable potential to improve the 

teaching of English, offering an innovative 

pedagogical tool that enriches both the 

educational experience and the learning 

outcomes.  

 

The combination of the Vuforia and 

Unity platforms in the development of an 

interactive book has allowed not only to present 

content in a dynamic and visually appealing way, 

but also to stimulate students' motivation and 

information retention. By enabling a multi-

sensory and immersive learning experience, AR 

transforms a traditionally passive learning 

process into a more interactive one, responding 

to the current needs of education in the digital 

context. 

 

Despite the demonstrated benefits, 

certain important challenges for the 

implementation of this technology have been 

identified.  
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These include technological accessibility, 

which implies the availability of compatible 

devices and adequate resources, and the training 

of teachers, who must be prepared to integrate 

and facilitate the technology in the classroom.  

 

These aspects underline the importance 

of developing teacher training programmes and 

accessibility strategies to overcome these 

barriers so that AR can be used to its full 

potential. 
 

With proper integration and a sound 

pedagogical approach, AR has the potential to 

act as a transformative tool in language 

education and other fields. This project not only 

demonstrates the immediate benefits of AR, but 

also establishes a solid foundation for future 

research into the use of advanced technologies in 

education.  
 

AR can not only enhance student 

learning and motivation in school settings, but 

also open up new possibilities in personalising 

learning by adapting to different learner styles 

and paces. In conclusion, the results of this study 

suggest that Augmented Reality represents a 

valuable innovation in education and can play a 

fundamental role in the evolution of teaching 

methodologies, benefiting a wide range of 

educational institutions and contexts. 
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Abstract 

 

MSMEs represent more than 90% of all companies in 

Mexico, which is why it is important to contribute to their 
maintenance, as they generate sources of employment and 

contribute to the development of society. The region under 

study is highly commercial and there is high mortality of 

MSMEs, through this work we seek to help them maintain 

themselves by being known by the target market. 

 

Digital marketing in service organizations in the San 

Martín Texmelucan Puebla region 

Objectives Methodology Contribution 

Design a digital 

marketing 

product for the 

promotion of 

companies and 

organizations in 
the San Martín 

Texmelucan 

region. 

The type of 

research used 

was 

descriptive 

and 

qualitative, 
the sample 

was 

considered 

for 

convenience. 

The most important 

results indicate that 

there is great 

ignorance on the 

part of 

businesspeople in 
the region about 

the advantages of 

social networks 

and digital 

marketing. 

 

Entrepreneurship, Marketing, SMes  

 

 

Resumen 

 

Las MiPyMes representan más del 90 % de la totalidad de 

las empresas en México, por ello es importante contribuir 
para que se mantengan, al ser generadoras de fuentes de 

empleo y contribuir al desarrollo de la sociedad. La región 

en estudio, es altamente comercial y existe alta mortalidad 

de las MiPyMes, a través de este trabajo se busca 

ayudarles a mantenerse al ser conocidas por el mercado 

meta 

 

Mercadotecnia digital en organizaciones de servicios 

de la región de San Martín Texmelucan Puebla 

Objetivos Metodología Contribuciones 

Diseñar un 

producto de 

mercadotecnia 

digital para la 

promoción de 
empresas y 

organismos de 

la región de San 

Martín 

Texmelucan. 

El tipo de 

investigación 

utilizada fue 

descriptiva y 

cualitativa, la 
muestra que 

se contempló 

por 

conveniencia. 

Los resultados más 

importantes 

indican que hay 

gran 

desconocimiento 
por parte de los 

empresarios de la 

region sobre las 

ventajas de las 

redes sociales y 

mercadotecnia 

digital. 

 

Emprendedor, Mercadotecnia, MiPyMes 
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Introduction 

 

The main element that sustains the economy are 

companies, because they satisfy the needs of 

society, while generating jobs that provide 

income for families. Management is the social 

science that seeks to optimise resources by 

providing the technical knowledge necessary 

for appropriate decision-making.  

 

Large companies have hired trained 

professionals to take action when necessary, but 

this is not the case with micro and small 

companies; the person who makes decisions is 

the entrepreneur or business owner, who 

generally has no training in a career in the 

economic-administrative area and therefore 

their actions are empirical, and so they learn by 

trial and error, which is why it is common for 

mistakes to lead to the closure of operations. 

 

Therefore, this article, derived from a 

project supported by the 2024 call of the 

Tecnológico Nacional de México, seeks to offer 

guidance services in digital marketing, 

following a diagnosis for the improvement of 

their processes and activities. The impact on the 

economy of SMEs is very large, as they are the 

vast majority of companies, representing more 

than 90 percent of the total, so this article 

presents the progress of a project that seeks to 

help them to boost their growth. 

 

1. Analysis of the literature 

 

The company as an economic unit, transformer 

of goods and provider of services, is the means 

that society requires to supply what is useful to 

its needs and desires. On the other hand, the 

impact of MSMEs on society is very great, 

according to official data, they are the ones that 

generate the highest number of jobs, more than 

97%, which has a social and economic impact 

on the support of families. 

 

Evolution of marketing as a technique and 

discipline 

 

Hernández-Perez and Müller-Perez (2024), 

refer to Johnson, who highlights that since the 

1990s, marketing departments have focused on 

better capturing, integrating and analysing 

customer and consumer data in order to inform 

strategic sales and marketing decisions through 

the use of emerging technologies and 

techniques. 

Marketing has had an important 

evolution in companies regardless of the sector 

to which they belong, therefore, the companies 

thatdigital marketing improve customer-

oriented results and strategic focus, due to the 

fact that it facilitates the strategic approach, due 

to the fact that the processes related to 

company-customer communication are 

facilitated (Kloter & Keller, 2014). When 

talking about marketing, companies use the 4ps 

which are product, price, distribution, and 

promotion, considered as key tools of 

organisational performance, thus generating 

better business results (Kotler & Armstrong, 

2012). 

 

Digital marketing 

 

Kotler & Armstrong (2012) point out that 

marketing is a process in which companies 

generate stimuli in individuals in order to create 

bonds of loyalty. Hernandez J, Gallardo M, & 

Espinoza J, (2014) express that companies must 

implement marketing processes, in which 

companies must create value with customers 

and plays a fundamental role in the strategic 

planning of companies. The evolution of 

marketing is based on the development of 

companies, the ways in which they are 

organised and the trends in the market. 
 

Characteristics of digital marketing 
 

Polo (2024), points out that digital marketing 

has the following characteristics: 
 

- Lower costs: Publishing on social 

networks or any digital platform is 

cheaper than doing traditional 

advertising work, the best thing is that it 

goes through different channels. 

- Better segmentation: You can see which 

channels to use and which audience you 

want to reach. Having a more specific 

brand promotion and with a more closed 

message, aimed at a particular audience. 

- Greater integration with the consumer: 

In this type of marketing you connect 

with customers, you talk to them, you 

listen to them. In addition, customers 

here contribute to the brand (more 

followers or buyers) through voice-to-

voice. 

- Immediate results: You can run a 

campaign and get results and 

impressions in real time, which is very 

useful for the brand. 

https://doi.org/10.35429/JIT.2024.11.31.1.6
https://doi.org/10.35426/IAv53n134.01
https://www.euroinnova.com/blog/latam/caracteristicas-mercadotecnia-digital
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- More flexible: Digital marketing allows 

you to make adjustments to a campaign 

on the fly, if necessary, you can change 

strategies or reinforce them according to 

what you want in a much more prompt 

and timely manner, hence the 

importance of entering the digital 

market. 

 

Classification of digital marketing 

 

According to Hernández J, Gallardo M, & 

Espinoza J, (2014) digital marketing comprises 

different tools that allow achieving 

organisational objectives. However, the 

different digital marketing tools present 

differences in costs, technology, customer 

segmentation, added value, among others. 

Micro, small and medium-sized enterprises 

(MSMEs) in their digital marketing strategies 

employ actions that allow them to enhance 

business competitiveness through the 

generation of stimuli in customers. Digital 

marketing classifications include the following: 

 

I. Search engine marketing or search 

engine marketing (SEM). 

II. Social media marketing. 

III. Mobile marketing or mobile marketing 

association (MMA). 

 

Social networks in digital marketing 

 

Nowadays, companies have the need to 

generate improvements in their marketing 

processes, in order to strengthen their position 

in the market. Marketing processes, in order to 

strengthen their competitive position, so it is 

important to create a connection with customers 

and generate stimuli, thus building customer 

loyalty. 

 

Context of the research 

 

The Ministry of Economy (2024) states that: In 

2020, the population in San Martin Texmelucan 

was 155,738 inhabitants (48.1% male and 

51.9% female). Compared to 2010, the 

population in San Martin Texmelucan grew by 

10.4%. Morales (2022) develops her 

professional thesis, where she presents the 

context of her work in the same environment as 

this document, but she developed her research 

still in a pandemic environment caused by 

COVID 19.  

 

According to data from the 2019 

Economic Census, the economic sectors that 

concentrated more economic units in San 

Martin Texmelucan were Retail Trade (5,166 

units), Other Services Except Government 

Activities (1,349 units) and Manufacturing 

Industries (1,088 units) still economic 

indicators according to the censuses conducted 

in 2019. 
 

2. Methodology 

 

The present publication is the product of a 

research project developed by the academic 

body in consolidation: Strategic Management, 

innovation and education for the competitive 

development of organisations, which for the 

current year (2024) has benefited from having 2 

projects approved in the call for research 

projects of the Tecnológico Nacional de México. 
 

In particular, this article arises from the 

project that provides SMEs in the region with 

digital marketing tools to boost the growth and 

projection of the companies that joined the 

project. As part of the research process, this is 

an exploratory and descriptive research work 

with the aim of identifying the digital marketing 

factors that strengthen business competitiveness. 
 

Population 
 

The research covered MSMEs in the region of 

San Martin Texmelucan, in the state of Puebla, 

based on data from the Ministry of Economy, 

which states: Micro, small and medium-sized 

enterprises (MSMEs) are the group to which 

more than 99.8 % of the enterprises in the 

country belong. They symbolise socio-cultural 

qualities that, together with the economic 

dynamics, show the world the diversity and 

richness of Mexico, which represents a mosaic 

that integrates family businesses dedicated to 

ancestral trades such as weaving, ceramics, 

saddlery, goldsmithing, as well as production 

companies,  tourism services,  alternative 

medicine, suppliers, exporters and specialised 

industries. 
 

Sample 
 

A sample of 157 enterprises was worked with 

the support of student thesis students, social 

service and complementary research credits, 

based on a selection made for the convenience 

of the researchers, in order to fulfil the research 

objective. 

https://doi.org/10.35429/JIT.2024.11.31.1.6
https://www.economia.gob.mx/datamexico/es/profile/geo/san-martin-texmelucan
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Most of the MSMEs in the San Martin 

Texmelucan region do not use social networks 

in an appropriate way, due to the lack of 

knowledge of these tools, therefore, they do not 

take advantage of marketing trends. 

 

Instruments 

 

To collect the information, an instrument was 

designed and applied through forms, to 

facilitate the work of analysing the information 

and thus speed up the interpretation of the 

information. This instrument consists of 77 

items, mainly closed, and a few open-ended 

items to detail certain aspects. 

 

3. Results 

 

As the work was oriented towards service 

companies, one of the first questions was to 

identify the type of services offered, which can 

be seen in Figure 1. 

 

Box 1 

 

 
Figure 1 

Type of services offered 
Source: Own 

 

Another test is to find out whether 

MSMEs use social networks to disseminate 

their activities, figure 2 presents the results. 

 

Box 2 

 

 
Figure 2 

Use of social networks 
Source: Own 

 

 

Of the total number of respondents it can 

be observed that they do not take advantage of 

social networks, typically 27 percent of 

respondents do so. Figure 3 shows which are the 

main social networks of those who accepted the 

use of social networks. 

 

Box 3 
 

 
Figure 3 

Social media 
Source: Own 

 

The social networks most popular with 

MSME owners are Instagram and Facebook, 

which in the case of Facebook has a 

marketplace and sales groups. Figure 4 shows 

that despite having social networks, not all of 

them take advantage of them.  
 

Box 4 
 

 
Figure 4 

Leveraging social networks 
Source: Own 

 

Only 23 per cent do exploit their social 

networks to the benefit of their business. To find 

out how entrepreneurs make the most of social 

media, results are shown in figure 5. 
 

Box 5 
 

 
Figure 5 

Exploits networks 
Source: Own 
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Those who acknowledge taking 

advantage of social networks do so mainly with 

groups where they make themselves known, 

also with promotions, and to a lesser extent 

when distributing their goods in the region. 

 

Conclusions 

 

There is still a lot of work to be done, because it 

is necessary to reach more MSMEs so that they 

have more tools to keep up with the competition, 

and to make themselves known to new 

customers. 

 

It can be observed that little use is made 

of social networks, because as MSMEs, there is 

no one expert in the use and exploitation of 

them, nor in following up on what customers 

want. 

 

There are particular cases that have a lot 

of potential, and there is still more work to be 

done, from creating a brand, developing an 

image and seeking to increase its impact on 

society in the region, in a highly commercial 

area. 
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Abstract 

 

Most companies have the ability to take advantage of 
technological advances, and to do so, information systems 

manage to manipulate data, manage it and interpret it, in 

such a way that it is useful for any important decision 

within the production and administrative areas. The 

accounting area is one of the processes with the greatest 

workload, especially when it comes to billing.  

Government agencies release relevant information on a 

daily basis regarding the currency exchange rate, as well 

as the status of natural and/or legal persons, an important 

issue for decision-making in administrative accounting 

processes.  

 

 
 

Digitalization, Accounting Areas, Decision making 

Resumen 

 

La mayoría de las empresas tienen la capacidad de 
aprovechar los avances tecnológicos, y para ello los 

sistemas de información logran manipular datos, 

administrarlos e interpretarlos, de tal manera que sean 

útiles para cualquier decisión importante dentro de las 

áreas de producción y administrativas. El área contable es 

uno de los procesos que mayor carga de trabajo tiene sobre 

todo si se habla de facturación. Las dependencias 

gubernamentales dan a conocer diariamente información 

relevante tanto del tipo de cambio de moneda, así como de 

status de personas físicas y/o morales, tema importante 

para la toma de decisiones en procesos administrativos 

contables. 
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Introduction 

 

For the development of this research topic, tools 

such as predictive analysis or trend analysis have 

been used to identify patterns and possible 

opportunities or threats that come to harm the 

company for some reason that the client does not 

clearly detail, providing vital information for the 

creation of strategies and evaluate in order not to 

create movements that may come to harm the 

competitive environment and plan future actions 

with greater precision. 

 

The business sector is immersed in a 

digital context, where new technologies are a 

fundamental part of the development of 

activities as they have drastically affected 

today's highly competitive business environment. 

 

Digital technologies, in particular, have 

transformed the way organisations and 

consumers interact and exchange value through 

the restructuring of processes, products and 

services, as well as the development and 

implementation of innovations. 

 

Thus, the term digital transformation is 

used today not only to indicate the 

transformative or disruptive implications of 

digital technologies for organisations and 

society, but also for competitive advantage and 

business differentiation. 

 

Given this new business environment, 

the competitiveness of companies will be 

determined, to a large extent, by the use of 

information and communication technologies 

(ICT) that enable the creation of value and the 

generation of knowledge within organisations. 

 

More traditional organisations have been 

overtaken by new, fast-growing digital 

organisations and have suffered as a result. 

 

‘Managers in many organisations have 

recognised that the response to the challenges of 

digital transformation will determine the future 

success or failure of their businesses.’  

 

The variety of changes involved in digital 

transformation exposes organisations to 

substantial challenges, which are not only 

internal but also external. 

 

 

 

Digitalisation is accelerating and 

transforming every aspect of society, so he 

considers six areas in a digitalisation process: 

customer relationship, technological resources 

to enhance digitalisation in its market opening, 

customer knowledge, digital training of 

employees, and specialised management and 

administration programmes for successful 

digitalisation. 

 

Schwab argues that there are three 

reasons to speak of a fourth industrial revolution: 

‘Speed: Unlike previous industrial revolutions, 

this one is evolving at an exponential rather than 

linear pace (...) Breadth and depth: It is based on 

the digital revolution and combines multiple 

technologies that are leading to unprecedented 

paradigm shifts in the economy, business, 

society and people. (...) Systems impact: It is 

about the transformation of complex systems 

between (and within) countries, companies, 

industries and society as a whole. 

 

Digital transformation 

 

Digital transformation is a disruptive innovation 

process in SMEs (Small and Medium 

Enterprises) and threatens their very existence.  

 

The traditional SME business model is 

challenged by the pressure of digitalisation 

imposed by competitors on the one hand and by 

the changing buying habits of their customers on 

the other. Most digital transformation initiatives 

fail because organisations did not change their 

mindset and processes, or did not build cultures 

that foster change (Ruiz Morera-Carballo 2022). 

 

It is for this reason that, despite all the 

digitally enabled opportunities to regain 

competitive power, SMEs are still hesitant to 

adopt emerging technologies such as digital 

tools and applications. 

 

However, the digitisation process for 

companies in any sector is complex, and 

regardless of their size, it has been accompanied 

by uncertainty and little conceptual or empirical 

research that examines how organisations are 

digitally transformed, in such a way that it can 

be sustained over time and has a strategy that 

guarantees its proper implementation without 

generating trauma within the company (Abrego, 

Sánchez, & Medina 2017). 
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Accounting digitalisation is of utmost 

importance because it is a means that allows all 

accounting information of microenterprises to be 

kept in an orderly manner in a more accurate, 

truthful and efficient way so that when required 

it can be accessed easily. 

 

Nowadays, digital is present in any type 

of business, and even more so with the 

technological evolution that is more demanding 

every day, due to the emergence of new 

programmes, mechanisms and accounting tools 

that save time and money for your company. 

 

This allows users who are anywhere in 

the world, just by having internet at their 

disposal, to have access to different elements 

that allow them to control their income, suppliers, 

clients, expenses, invoicing, etc. 

 

The digitisation of documents involves 

transferring physical documentation to digital 

format. Many companies store a large amount of 

documentation that takes up too much space and 

is difficult to consult. Although this process can 

be tedious, once done, it can provide a 

competitive advantage by making information 

accessible (Ngary Njeru, J. 2017). 

 

Online accounting software is a helpful 

technological tool for keeping accounting 

records. With them, it will be easier to 

concentrate and retrieve the information needed 

and there will be no problems of errors due to 

captures. They are also a great support for 

electronic invoicing. 

 

How does an ERP system help transform 

businesses and drive business growth? 

 

First of all, it improves decision making 

for a growing company to achieve a successful 

digital transformation. It is important that your 

executives and members have the ability to make 

good decisions and thus, take advantage of 

business opportunities that may arise. 

 

One of the benefits of an ERP in a 

growing company that aids in digital 

transformation is the ability for executives to 

make smarter, more informed decisions by 

having the company's and each department's 

information up to date and available at any time. 

 

 

 

Development 

 

Operational efficiency allows growing 

companies to scale much faster, reduce costs and 

increase profitability. All this hand in hand with 

digital technologies. This not only benefits the 

business, but also the individual members of the 

business. Collaboration between departments or 

different areas of the company is essential, 

which leads to seizing market opportunities and 

successfully embracing digital adoption. 

Modern ERP systems allow companies to 

manage all processes from a single platform and 

integrate all areas of the business automatically 

to avoid the installation of separate IT systems, 

delays and human error. 

 

The importance of CFDI for organisations 

 

The CFDI is the fiscal receipt of a payment made 

that describes the cost of the product sold or 

service provided and which breaks down the 

taxes applied. It is a file in XML format that 

complies with the standards defined by the SAT. 

 

What is a Comprobante Fiscal? 

 

Still known as an electronic invoice, the CFDI or 

Comprobante Fiscal Digital por Internet is a 

legally valid document with a unique identifier. 

 

A valid CFDI requires: 

 

- Adhere to the specifications of the Tax 

Administration Service (Servicio de 

Administración Tributaria). 

- Be generated, transmitted and stored 

electronically. 

- Be stamped by an Authorised 

Certification Provider (PAC). 

 

What is XML? 

 

- It is a type of file with a specific language 

to be read by the web. Parallel to the 

XML, the invoice can be accompanied 

by a PDF file to contain the same 

information in ‘plain’ text (readable by 

the user). 

 

- But it is in the XML file where all the 

elements of the invoice are found and it 

itself serves as the tax receipt. This 

digital document is the one that must be 

kept for the period indicated by the tax 

authorities for audits and clarifications. 
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- It is characterised by a unique chain and 

stamp, as well as storing the time it was 

made. Once the file is generated, it 

cannot be modified due to that chain and 

stamp. 

 

Why is the XML of the electronic invoice so 

important? 

 

The XML file is the one that has fiscal relevance 

and the one that you should really consider as 

proof of your commercial operations. In addition 

to its fiscal importance, the value of this file lies 

in the security it provides to your and your 

customers' tax information. As it travels 

encrypted, it runs no risk of being intercepted or 

altered. This avoids tax fraud or identity theft, 

which can easily be carried out in PDF, XLXS 

or other files. 

 

Article 69-B is a tool that allows the tax 

authorities to combat taxpayers who issue tax 

receipts that cover simulated transactions. 

 

When the tax authority detects that a 

taxpayer has been issuing vouchers without 

having the assets, personnel, infrastructure or 

material capacity, directly or indirectly, to 

provide the services or produce, market or 

deliver the goods covered by such vouchers, or 

that such taxpayers are not located, it will 

presume the non-existence of the transactions 

covered by such vouchers. In this case, taxpayers 

in this situation will be notified through their tax 

mailbox, the Tax Administration Service's 

website, with publication in the Official Journal 

of the Federation, so that those taxpayers may 

state before the tax authority what they deem 

appropriate and provide the documentation and 

information they consider relevant to refute the 

facts that led the authority to notify them. 

(García, A., & Torres, M. 2020). 

 

Design and Implementation 

 

It is necessary to be updated within the 

companies with the requirements or notifications 

by governmental organisations, and therefore for 

the management and/or administration of 

exchange rates, validation of invoices received, 

validation of suppliers, it was developed with the 

use of programming language, modules where 

the Fiscal, Treasury and Accounting 

departments that have a relationship with the 

movements or transactions on a daily basis are 

attended.  

One of them is the exchange rate, which 

serves as a reference for all economic 

transactions, from purchase orders, accounts 

payable, accounts receivable, etc. 

 

The exchange rate is determined by 

Banco de México and is based on an average of 

wholesale exchange market quotations for 

settleable transactions obtained from foreign 

exchange transaction platforms and other 

electronic means that are representative in the 

foreign exchange market. 

  

The exchange rate is published by Banco 

de México every bank working day and is 

published in the Official Journal of the 

Federation one bank working day after the date 

of determination. 

 

Box 1 
 

 
Figure 1 

Data model for data manipulation and 

processing  
Source: Own elaboration 

 

For dollars, an application was developed 

(connection) to an XML file in the DOF (Diario 

Oficial de la Federación), so that the current 

information is automatically available. 

 

Until now, the most important deficit in 

integrating applications developed in different 

languages or on different platforms was the way 

of transmitting the data, as each application 

owned the data, and in many cases the way of 

transmission did not allow for fluid 

communication. This problem occurs even when 

trying to integrate applications on the same 

platform developed in the same language. 
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In the best of cases, once data 

communication was established, there was a real 

problem when it came to structuring the data 

hierarchically according to the source model. 

 

XML allows, in an extremely simple way, 

to structure the information and send it with total 

certainty that the receiver will know that this 

data has a relationship with other data within the 

same structure sent. 

 

This information is available from 8 

o'clock in the morning, so that users can carry 

out the processes or calculations required by the 

company, and the same coding of the 

programme means that it is always up to date. 

 

On the other hand, for the Euro's, an 

application (connection) to BANXICO was 

developed, through a Web Service in Visual Fox 

Pro language, this information is available from 

12 noon, and the development automatically 

updates the database as well as sending by mail 

a notification for both the dollar and the euro. 

 

A module was also developed to validate 

the Invoice (XML), considering the most 

important ones: 

 

- Invoice amount 

- Type of document (incoming/outgoing) 

- Payment method 

- Invoice status in the SAT (via a Web-

Service) 

 

Box 2 
 

 
Figure 2 

Bank transfers screen   
Source: Own elaboration 

 

Box 3 
 

 
Figure 3 

Code where the status of the Invoice is 

validated in the SAT (through a Web-Service) 
Source: Own elaboration 

 

Conclusions and Results 

 

With these updates and improvements in the 

systems, it has been easier to manage the 

information for users and systems that have 

reference to: 

 

Exchange rate, previously the user would 

enter the BANXICO and/or SAT page and check 

the value of the dollar and euro, then enter the 

accounts payable system and register the value 

manually, if they forgot to register, it could cause 

delays in shipments, it did not allow to register 

policies, among other inconveniences, there was 

also the possibility of the so-called ‘finger error’, 

a bad capture.  

 

With this automation, this type of error is 

avoided. 

 

We are currently working on adding the 

official holidays of BANXICO, so that the 

corresponding exchange rate is considered for 

these days, as on these days there is NO 

exchange rate, and the last working day is taken. 
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Validation of Invoices, with the 

automation, the company ensures that the 

invoice that is being settled, is valid before the 

SAT, and does not incur in an anomaly before 

the authority, as well as it is also necessary to 

validate the amount registered in the system vs. 

the amount of the invoice, as well as the method 

of payment, among other validations. And this 

represents that as a company we are legal. 

 

Black List, this option was implemented 

to have a better management of existing and new 

suppliers, the company has a relationship with 

suppliers and runs the risk that the SAT, the 

same classification, until you do an investigation 

and / or audit, and in your tax return, you can not 

take advantage of the tax benefits to which you 

are entitled. 

 

That is why it is important that the 

suppliers with whom you have a relationship are 

in order before the authority (SAT). 
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Abstract                                                                                             Resumen 

                                  
This article analyzes how STEM (Science, Technology, 
Engineering and Mathematics) disciplines influence 
entrepreneurship in the medical field, with a focus on the 
inclusion of digital tools such as web development in the delivery 
of healthcare services. Through a case analysis and literature 
review, the possibilities and obstacles faced by healthcare 

entrepreneurs in implementing technologies to improve the 
efficiency, usability, and availability of healthcare services are 
explored. The findings indicate that STEM-driven digitization is 
radically changing the way care is delivered, enabling the 
generation of new sustainable business models in the healthcare 
industry. 

 

 
 

Digital innovation, STEM, health entrepreneurship 
 
 

El presente artículo analiza cómo las disciplinas STEM (Ciencia, 
Tecnología, Ingeniería y Matemáticas) influyen en el 
emprendimiento en el campo de la medicina, poniendo atención 
en la inclusión de herramientas digitales como el desarrollo web 
en la prestación de servicios de salud. Mediante un análisis de 
casos y una revisión de la literatura, se exploran las posibilidades 

y obstáculos que enfrentan los emprendedores en el campo de la 
salud al implementar tecnologías para mejorar la eficacia, 
facilidad de uso y disponibilidad de servicios de atención médica. 
Los hallazgos indican que la digitalización promovida por STEM 
está cambiando radicalmente la forma en que se ofrece atención, 
posibilitando la generación de nuevos modelos de negocio 
sustentables en la industria de la salud. 
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Introduction 

 

In recent years, the healthcare sector has 

undergone a significant transformation due to 

the advancement of digital innovation. The 

adoption of emerging technologies has made it 

possible not only to improve efficiency in 

healthcare, but also to expand access and quality 

of services. In this context, STEM (Science, 

Technology, Engineering and Mathematics) 

fields play a key role in providing innovative 

tools and approaches that enhance health 

entrepreneurship. 

 

This article examines the collaborative 

experience between the Universidad Politécnica 

del Valle de México (UPVM) and the 

Universidad Estatal del Valle de Toluca 

(UNEVT), in which master's students from 

UNEVT were trained to employ STEM areas in 

the promotion of health services, especially in 

web development and other digital technologies, 

transforming medical entrepreneurship and 

improving access to health services. 

 

This study focuses on the quantitative 

results derived from this training, assessing the 

impact of digital innovation on medical 

entrepreneurship. 

 

Background 

 

The Universities: UPVM and UNEVT 

 

The Polytechnic University of the Valley of 

Mexico (UPVM) is a decentralised public 

organisation of state character, part of the 

Subsystem of Technological and Polytechnic 

Universities of the Ministry of Public Education, 

and is recognised for its wide academic offer 

(UPVM, 2024). 

 

Among these offers, the Information 

Technology degree stands out, which promotes 

the intensive use of technology and innovation 

in business processes, especially in areas related 

to engineering and applied sciences. 

 

For its part, the Universidad Estatal del 

Valle de Toluca (UNEVT) is a Higher Education 

Institution that also stands out for its 

programmes in health sciences and its 

commitment to the development of competent 

professionals in health care and promotion 

(UNEVT, 2024). 

 

The collaboration between the two 

institutions responds to the need to integrate 

advanced technological competencies in health 

professionals, equipping them with STEM skills 

that enable them to meet the challenges of the 

digital environment. 

 

Digital Innovation in the Health Sector 

 

Digital innovation seeks to find strategies that 

can be adopted by institutions to create or 

improve products and services. Applied 

specifically to the health sector, this can include 

the development of technologies that apply 

artificial intelligence, the internet of things (IoT), 

and telemedicine, among others (Haggerty, 

2017). 

 

These tools enable more effective data 

collection, improve diagnosis and treatment, and 

offer new opportunities for entrepreneurship in 

the health sector. 

 

The adoption of these technologies has 

become essential for any institution seeking to 

improve the quality of its services, reduce costs 

and optimise the patient experience. 

 

STEM Areas and their Application in 

Healthcare 

 

STEM areas comprise knowledge and skills in 

science, technology, engineering and 

mathematics, and are considered essential for 

complex problem solving. 

 

              In the health sector, mastery of these 

areas allows professionals not only to create 

innovative solutions, but also to adapt their 

practice to emerging technologies, developing 

projects that improve patient care and optimise 

resources (STEM Education, 2021). 

 

UNEVT students participated in a 

training provided by UPVM that aimed to use 

these STEM areas to innovate in the way health 

services are offered and promoted, especially in 

the area of web development and other digital 

tools. 
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Box 1 
 

 
Figure 1 

UNEVT students in STEM training 
      Own source 

 

Theoretical Framework 

 

The relationship between STEM and 

entrepreneurship in healthcare has been the 

subject of study in recent years due to the 

potential of digital technologies to transform 

medical services. STEM fields, especially 

engineering and computer science, play a key 

role in developing solutions that facilitate remote 

access to healthcare, automation of 

administrative processes and remote patient 

monitoring. Web design, as a component of 

digital platform development, is essential to 

create user-friendly interfaces that enhance the 

user experience and increase access to medical 

services. Furthermore, telemedicine and patient 

management systems represent opportunities to 

create innovative business models. 
 

Study Approach and Type of Study 
 

This study uses a quantitative approach, and 

aims to measure the effectiveness of STEM 

training for the adoption of innovative practices 

in health entrepreneurship. For data collection, a 

survey was applied to students in the sixth 

trimester of the master's degree in 

entrepreneurship in health entities, specifically 

in subjects focused on the application of 

technological resources in integrative projects 

that consolidate these health entities. The survey 

included questions on different aspects 

considered relevant to reveal the degree of 

inclusion in STEM areas: 
 

- Motivational factors: interest in research, 

need for professional updating, influence 

of mentors or teachers. 

- Continuing education: number of 

courses, seminars, conferences or 

certifications completed during their 

teaching career. 

- Perceived work. Opportunities: How 

they perceive STEM fields to affect their 

career. 

- Perceived barriers: Obstacles they have 

faced in the development of their 

education (such as time, resources or 

access to technology). 

 

In order to perform a basic statistical 

analysis and obtain a representative and 

homogeneous sample, 35 Master's students were 

surveyed. This survey mainly sought to measure 

the following variables: 

 

- Motivation level: using a Likert scale (1-

5) to assess personal and professional 

interest in further training. 

- Frequency of training: number of 

additional activities (courses, 

certifications) carried out during the 

master's degree. 

- Institutional support: perception of the 

support provided by the university or 

institutions in terms of access to 

educational resources. 

 

In this study, a quantitative analysis was 

conducted to assess the relationship between 

students' motivation and their frequency of 

participation in training activities in Science, 

Technology, Engineering and Mathematics 

(STEM) areas.  

 

The sample consisted of 35 students, who 

responded to a questionnaire that included a 5-

point Likert scale to measure the level of 

motivation towards STEM training, where 1 

represents the lowest level and 5 the highest. For 

the analysis, students were classified into two 

groups: those with high levels of motivation 

(scores of 4-5) and those with low levels of 

motivation (scores of 1-2). 

 

The aim was to assess whether highly 

motivated students have a significantly higher 

frequency of participation in training activities 

compared to those with low motivation. 

 

An independent samples t-test was 

applied to analyse whether there are significant 

differences between the two groups in terms of 

their participation in training activities. In cases 

where normality of the data was not assumed, the 

Mann-Whitney test was used.  

 



4 

Journal of Information Technologies                                                              11[31]1-5: e51131105 

Article 
 

 

ISSN: 2410-4000. 

RENIECYT-CONAHCYT: 1702902 

ECORFAN® All rights reserved. 

 

Ortiz-Quiroga, Hugo & Flores-Azcanio, Nancy Patricia. [2024].  Digital 

innovation in the health sector and STEM areas in medical 

entrepreneurship. Journal of Information Technologies. 11[31]1-5: 

e51131105. 

https://doi.org/10.35429/JIT.2024.11.31.1.5 

This analysis was complemented by 

calculating Spearman's correlation coefficient to 

determine the direction and degree of association 

between motivation and frequency of 

participation in the whole sample. 

 

Box 2 
 

 
Figure 2 

Graphical representation of correlation 

between motivation and frequency of training 

in STEM areas 
      Own source 

 

Results 

 

A quantitative analysis was conducted to assess 

the relationship between health entrepreneurship 

master's students' motivation and their 

participation in training activities in STEM areas. 

The sample consisted of 35 students, who 

completed a survey that included a five-point 

Likert scale to measure the level of motivation 

towards training. 

 

The results revealed a positive trend 

between motivation and training frequency. The 

scatter plot obtained shows that as the level of 

motivation increases, so does the frequency of 

participation in courses, certifications and other 

training activities. Spearman's correlation 

coefficient, with a value of approximately 

𝑟𝑠=0.56, indicates a moderate and positive 

correlation between the two variables, 

suggesting that motivation is a relevant factor in 

students' decision to engage in lifelong learning 

in STEM areas. 

 

Conclusions 

 

The results of the study highlight the relevance 

of motivation as a factor promoting participation 

in training activities in STEM areas within the 

field of health entrepreneurship.  

 

The positive relationship observed 

suggests that students who perceive additional 

value in constantly updating their STEM 

knowledge are more likely to engage in further 

training, which is crucial for the adoption of 

innovative practices in the health sector. 

 

Perception, recommendations and future 

impact 

 

This study provides preliminary evidence that 

motivation, in conjunction with institutional 

support and the removal of barriers such as 

availability of resources and time, can 

significantly increase the inclusion and uptake of 

STEM fields in higher health education. As a 

recommendation, it is suggested to implement 

institutional support policies and mentoring 

programmes to enhance motivation and facilitate 

students' access to STEM training, with the aim 

of strengthening entrepreneurship and 

innovation in the health sector. In terms of 

recommendations, it is crucial that universities 

and institutions provide robust support 

programmes and foster both intrinsic and 

extrinsic motivation to promote continuity in 

students' training in STEM areas. 
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Abstract 
 

This paper presents the development of a real-time data acquisition and 

visualization system based on an ARM microcontroller and a Graphical User 

Interface (GUI) developed with MATLAB AppDesigner. The microcontroller 

acquires and processes raw data from multiple sensors, including accelerometers, 

gyroscopes, temperature and humidity sensors, an atmospheric pressure sensor, and 

a GPS module. These data are converted into physical units and transmitted via 

serial communication to the GUI, which displays the information in real-time. GUI 

enables intuitive monitoring through dynamic graphics and interactive tools such 

as zoom and pan. Additionally, it offers a data-saving option for later analysis in 

text files. Results from performance tests indicate reliable system operation, with 

continuous and stable data transmission, along with clear and precise measurement 

visualization. This work underscores the effectiveness of hardware-software 

integration in developing versatile and accessible monitoring systems for 

instrumentation and control applications. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Graphical User Interface, sensors, acquisition, 

visualization. 

 

Resumen 
 

Este artículo presenta el desarrollo de un sistema de adquisición y visualización de 

datos en tiempo real basado en un microcontrolador ARM y una interfaz gráfica de 

usuario (GUI, por sus siglas en inglés) desarrollada con MATLAB AppDesigner. 

El microcontrolador adquiere y procesa datos brutos de múltiples sensores, 

incluyendo acelerómetros, giroscopios, sensores de temperatura y humedad, un 

sensor de presión atmosférica y un módulo GPS. Estos datos se convierten en 

unidades físicas y se transmiten mediante comunicación serial a la GUI, que 

muestra la información en tiempo real. La GUI permite un monitoreo intuitivo a 

través de gráficos dinámicos y herramientas interactivas como acercar y desplazar. 

Además, ofrece una opción de guardar datos para su posterior análisis en archivos 

de texto. Los resultados de las pruebas de rendimiento indican un funcionamiento 

confiable del sistema, con transmisión de datos continua y estable, junto con una 

visualización clara y precisa de las mediciones. Este trabajo subraya la efectividad 

de la integración hardware-software en el desarrollo de sistemas de monitoreo 

versátiles y accesibles para aplicaciones de instrumentación y control. 
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Introduction 

 

In the digitalization era and technological 

advancement, real-time data monitoring and 

management have become crucial components 

for various industrial, scientific, and engineering 

applications. The ability to accurately and 

efficiently acquire, process, and visualize data 

not only facilitates informed decision making, 

but also optimizes performance and safety in a 

variety of systems. One of the features sought in 

an acquisition system is fast and accurate 

interpretation of data, therefore it is necessary to 

have a visualization tool that allows users to 

analyze information in real time. 

 

The Graphical User Interfaces (GUI) in 

data acquisition systems has proven to be an 

effective solution (Khattak et al., 2021; 

Fernández-García et al., 2018). Momox and 

Alonso-Valerdi (2023) highlight that the 

incorporation of interactive graphical interfaces 

allows for a better interpretation of complex data, 

facilitating a faster and more accurate response 

in different engineering disciplines. Furthermore, 

Kim et al. (2017) argue that interactive 

visualizations improve data understanding in 

sensor systems, making information 

management and analysis more accessible and 

efficient.  

 

Despite advancements in data acquisition 

systems based on graphical user interfaces 

(GUIs), the integration of real-time visualization 

with multisensor platforms remains a relevant 

area where new solutions continue to emerge. To 

address this, this article presents the 

development of the electronic system 

programmed for the data acquisition and data 

transmission from sensors that measure 

temperature, humidity, acceleration, angular 

velocity and battery level using a 32-bit ARM 

microcontroller. 

 

These data are visualized through a 

Graphical User Interface developed in 

MATLAB AppDesigner, which offers a clear 

and understandable representation of the 

collected information. This approach not only 

facilitates the integration of multiple sensors in a 

single platform, but also improves data 

interpretation and analysis through interactive 

visualization.  

 

 

This paper contributes to the 

advancement of the field of instrumentation and 

automation, highlighting the crucial role of 

graphical interfaces in data acquisition and 

visualization. 

 

This paper is organized as follows: 

Section 2 provides a detailed description of the 

system development, covering the hardware 

components, sensor integration, and the 

implementation of the Graphical User Interface 

(GUI) in MATLAB AppDesigner. Section 3 

presents the results of the system tests, including 

performance analysis of the data acquisition, 

transmission, and visualization processes, along 

with an evaluation of the graphical interface’s 

functionalities. Finally, Section 4 summarizes 

the main conclusions, discusses the system’s 

limitations, and outlines potential improvements 

for future work, such as enhancing wireless 

transmission and integrating advanced signal 

processing algorithms for improved data 

analysis. 

 

Development 

 

System Overview 

 

The electronic system general block diagram is 

shown in the Figure 1 and consists of three units: 

power and control, sensors and communication. 

The main control unit is an ARM 

microcontroller from the manufacturer 

STMicroelectronics, model STM32F407, which 

is connected to the different sensors. A switching 

power supply is integrated, which supplies a 

voltage of 3.3 V, 1A to the microcontroller and 

to all the other sensor modules. 

 

Box 1 
 

 
 

Figure 1 

Electronic system general block diagram 
      Source: Own elaboration 
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The environmental variable sensors are 

the integrated circuits BME280 and TMP102. 

The BME280 is a combined sensor for relative 

humidity (0 to 100%), atmospheric pressure 

(300 to 1100 hPa) and ambient temperature (-

40ºC to 80ºC).  

 

The dynamic variables come from the 

MPU6050 inertial measurement unit, which 

integrates a 3-axis accelerometer and gyroscope, 

i.e., 6 degrees of freedom (6-DOF).  

 

The accelerometer can measure 

acceleration magnitudes within the range of 

gravity: ±2, ±4, ±8 and ±16 m/s2 (G); while the 

gyroscope can measure angular velocities in the 

range of ±250, ±500, ±1000 and ±2000 º/sec. A 

Quectel L70 module is also integrated to enable 

the global positioning system (GPS).  

 

Data transmission is executed by serial 

communication through a USB connection; 

however, an additional transceiver with spread 

spectrum modulation technology, known as 

LoRa® (Long Range), has been incorporated, 

with the purpose of incorporating this data 

transmission and acquisition system in long-

range remote monitoring applications. 

 

Graphical User Interface (GUI) in MATLAB 

AppDesigner 

 

MATLAB is widely used in academia and 

industry for its ability to perform mathematical 

analysis, simulations, and signal processing. 

Developing a graphical interface in 

AppDesigner, a tool for building interactive 

applications integrated into MATLAB, allows 

direct access to these capabilities (Hossain, 

2022).  

 

This facilitates the acquisition, 

processing, and visualization of data in real time 

within a unified environment without the need to 

integrate external tools.  

 

The GUI was designed with a focus on 

clarity and accessibility of information, being 

divided into three main sections: communication, 

variable visualization, and battery level 

monitoring.  

 

A complete view of the GUI is presented 

in Figure 2 and the sections are described below. 

 

 

Box 2 
 

 
 

Figure 2 

Full view of the GUI developed in 

AppDesigner MATLAB 
      Source: Own elaboration 

 

Serial Communication Controls: At the 

top left of the interface, as shown in Figure 3, are 

controls for setting up and starting serial 

communication. These include a text box for 

entering the COM port, a “Connect” button, and 

a label indicating the connection status: 

“Connected” or “Disconnected.” To facilitate 

interpretation, a distinctive color scheme is used 

for each status (green for “Connected” and cyan 

for “Disconnected”). In addition, a drop-down 

menu is provided for selecting the sampling time 

for data acquisition, with configurable options of 

1, 4, 5, and 10 ms. Finally, buttons are included 

to start or stop data acquisition. These controls 

allow the user to efficiently establish and 

manage communication with the data 

acquisition system. 

 

Box 3 
 

 
 

Figure 3 

Serial communication Settings Controls 
      Source: Own elaboration 

 

Numerical Display of Variables: In the 

central left part of the interface there are text 

editors that show the monitored variables, as 

shown in Figure 4.  
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The values corresponding to the three 

axes of the accelerometer (G) and the three axes 

of the gyroscope (°/s) are displayed from the 

MPU6050 sensor in their respective units of 

measurement.  

 

Temperature (°C), relative humidity (%) 

and atmospheric pressure (mBar) readings are 

obtained from the BME280 sensor.  The 

TMP102 sensor provides an additional 

temperature (°C) reading. Altitude and longitude 

data are displayed from the GPS module. A 

button is also included to save all the data 

acquired since the start of communication to a 

text file. In addition, there are three drop-down 

menus that allow you to select the measurements 

you want to display in each of the graphs. Finally, 

controls are provided to enable the zoom and 

panning functions, facilitating detailed viewing 

of the data in the graphs. 

 

Battery Level Monitoring: At the bottom 

right, there is a text editor that visually displays 

the system battery voltage level. 

 

Box 4 
 

 
Figure 4 

Controls for numerical display of variables 

from multiple sensors 
      Source: Own elaboration 

 

 

Software Development 

 

The graphical interface, developed in MATLAB 

using AppDesigner, is responsible for receiving 

and displaying the data transmitted by the 

microcontroller. The GUI is designed to 

constantly listen to the serial port, waiting to 

receive data packets from the microcontroller 

using the serialport toolbox MATLAB. 

 

 The applied instructions are presented in 

the Table 1. These MATLAB instructions 

establish a serial communication connection 

with a device through the specified COM port. 

Line 1 shows that the variable port is set to 

"COM3", designating the communication port. 

Line 2 initializes the serial port object. In the 

Line 3, the Baud Rate is configured to 115200, 

defining the data transmission rate, while Data 

Bits is set to 8, specifying the number of bits in 

each data byte. Additionally, Parity is set to 

'none' to disable error-checking parity bits, and 

Byte Order is configured to 'littleEndian', setting 

the byte sequence for multibyte data types. 

 

Box 5 
Table 1 

MATLAB Instructions to connection to serial 

port 
 

Line Code 

port = “COM3”; 
app.s = serialport(port) 
set(app.s,'BaudRate',115200) 
set(app.s,'DataBits',8) 
set(app.s,'Parity','none') 
set(app.s,'ByteOrder','littleEndian') 

 

Source: Own elaboration. 

 

Measurement values are presented in 

different graphs and text editors, updated 

according to the selected sampling time, 

controlled by a timer, whose settings are detailed 

in Table 2. The code in the Line 1 creates a 

custom property called t. Line 2 demonstrates 

how to configure the timer callback; this 

instruction should be placed within the timer's 

startup function.  

 

The instruction in the Line 3 starts the 

timer and the instruction in the Line 4 stops the 

timer. 
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Box 6 
Table 2 

MATLAB Instructions to connection to serial port 
 

Line Code 
1 properties (Access = private) 

   t  

end 

2 app.t.Period = 0.01; 

3 start(app.t) 

4 stop (app.t) 
 

Source: Own elaboration. 
 

The interface organizes the information 

in intuitive sections, allowing the user to monitor 

the variables in a clear and accessible way. Each 

graph is customizable, allowing the user to select 

the measurements of interest through drop-down 

menus that facilitate configuration according to 

their needs. 
 

In order to read the data, it is essential to 

know the order in which the microcontroller 

transmits it in order to correctly interpret the 

information string. In this case, the data is sent 

in the following order: the 3-axes of the 

accelerometer, the 3-axes of the gyroscope, the 

measurements of the BME280 (temperature, 

humidity and atmospheric pressure), the 

TMP102 temperature, the altitude, the longitude 

and the battery level, completing 13 different 

variables. It is important to note that this data is 

already transmitted in its respective units of 

measurement, as the microcontroller is 

responsible for reading the raw data and 

performing the necessary conversions according 

to the specifications detailed in the data sheets of 

each provider. 

 

In total, 52 bytes are transmitted, since 

each measured variable is sent in 4 bytes, using 

floating point format. In MATLAB, reading 

each byte is done with the fread instruction: 

 

byte1 = fread(app.s, 1, 'uint8') 

 

To visualize the data on the graphics, 

animated lines are created with the animatedline 

command and points are added addpoints. 

 

Results 

 

The electronic system was designed on two 

printed circuit boards (PCBs) manufactured 

using double-layer surface mount technology, 

adopting a circular shape of 60 mm in diameter 

and 1.6 mm thick, using FR-4 laminated 

fiberglass material. 

The boards, shown in Figure 5, are 

optimized to integrate the necessary components 

in a small space, guaranteeing the electrical 

stability and mechanical robustness of the 

system. The board on the left is the control 

circuit board and the one on the right contains 

the sensors. 

 

Box 7 
 

 
Figure 5 

Electronic boards: control and sensors 
      Source: Own elaboration 

 

Tests were performed to verify the 

correct acquisition and transmission of data from 

the microcontroller to the graphical interface. 

During these tests, the sensors were connected: 

the MPU6050 to measure acceleration and 

angular velocity, the BMP6050 to obtain 

temperature, humidity and atmospheric pressure, 

the TMP102 for additional temperature 

measurement, and a GPS module to obtain 

altitude and longitude. 

 

The GUI developed in AppDesigner 

proved to be effective for the visualization of 

multiple variables. The pop-up-menu allowed 

the user to select which variables they wanted to 

visualize in each graph, Figures 6 through 8 

show graphs of the 3-axes of the accelerometer 

at 1 ms of sample time. 

 

Box 8 
 

 
Figure 6 

X-Axis accelerometer signal graph in the GUI 
      Source: Own elaboration 
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Box 9 
 

 
 

Figure 7 

Y-Axis accelerometer signal graph in the GUI 
      Source: Own elaboration 

 

Box 10 
 

 
 

Figure 8 

Z-Axis accelerometer signal graph in the GUI 
      Source: Own elaboration 

 

Figure 9 presents an image of the 

temperature measured by the BME280 sensor, 

and Figure 10 displays the humidity graph. 

These captures were taken on November 9, 2024, 

at 15:00 hours, when, according to The Weather 

Channel, the temperature in Atlixco, Puebla, was 

26°C, and the humidity was 43% (The Weather 

Channel, 2024). 

 

Box 11 
 

 
Figure 9 

Temperature signal graph in the GUI 
      Source: Own elaboration 

Box 12 
 

 
 

Figure 10 

Humidity signal graph in the GUI 
      Source: Own elaboration 

 

Figure 11 presents a visualization of the 

data in the editors of the GUI. The acquired data 

were successfully stored in text files, which 

could be used for further analysis. The option to 

save data proved to be particularly useful for 

recording long-term experiments. 

 

Table 3 presents the average values, in 8 

minutes of transmission, captured from the 

variables for which we have a documented 

reference; i.e., according to the Wheather 

Channel, the barometric pressure in Atlixco, 

Puebla was 1008.8 hPa. According to the 

Geodatos website (Geodatos, 2024), the 

geographic coordinates of latitude and longitude, 

in decimal coordinates are: 18.90815 and -

98.43613, respectively. According to the Puebla 

Audit Site (ASE Puebla, 2024) the reported 

altitude is 1840 m above sea level. The 

"Measurement" column, in Table 3, shows the 

average value of the data acquired at the GUI. 

 

Box 13 
 

 
Figure 11 

Acquired data view in GUI editors    
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Box 14 
Table 3 

Comparison of measurements with reference 

values 

Parameter Reference Measurement % Error 

Temperature 26°C 27.64 °C 6.3% 

Humidity 43% 46.86% 8.9% 

Barometric 
Pressure 

1019 hPa 809.82 hPa 20.52% 

Latitude 18.90815 19.0050 0.51% 

Longitude -98.43613 -98.11926 0.32% 

Altitude 1840 m 2089.2 m 13.54% 

    
 

Source: Own elaboration. 

 

The acquired data were successfully 

stored in text files, which could be used for 

further analysis. The option to save data proved 

to be particularly useful for recording long-term 

experiments. Tables 4 to 6 present the data 

acquired in a 100 ms frame obtained from the .txt 

file that provides the option to save data in the 

GUI. 

 

Box 15 
Table 4 

MPU6050 data acquired in a 100 ms frame 
 

Time 

(s) 

X-

Acc 

(G) 

Y-

Acc 

(G) 

Z-

Acc 

(G) 

X-

Gyr 

(°/s) 

Y-

Gyr 

(°/s) 

Z-

Gyr 

(°/s) 

0 0.98 -0.27 0.05 0.01 -0.15 0.47 

0.01 0.99 -0.27 0.05 0.28 -0.07 0.64 

0.02 0.98 -0.27 0.05 0.21 -0.08 0.4 

0.03 0.98 -0.27 0.05 -0.05 -0.08 0.59 

0.04 0.99 -0.27 0.05 0.03 -0.15 0.39 

0.05 0.99 -0.28 0.05 0.2 -0.15 0.44 

0.06 0.98 -0.27 0.06 0.23 -0.31 0.51 

0.07 0.98 -0.27 0.05 0.27 -0.21 0.39 

0.08 0.99 -0.27 0.05 0.12 -0.14 0.49 

0.09 0.99 -0.27 0.05 0.01 -0.05 0.58 

0.10 0.99 -0.27 0.05 0.32 -0.05 0.53 
 

Source: Own elaboration. 

 

Box 16 
Table 5 

BME280 data acquired in a 100 ms frame 
 

Time (s) Temperature 

(°C) 

Humidity 

(%) 

Pressure 

(hPa) 

0 28.73 46.74 809.82 

0.01 28.73 46.71 809.83 

0.02 28.73 46.72 809.83 

0.03 28.73 46.72 809.82 

0.04 28.73 46.7 809.81 

0.05 28.73 46.71 809.8 

0.06 28.73 46.69 809.81 

0.07 28.74 46.69 809.81 

0.08 28.73 46.71 809.8 

0.09 28.73 46.68 809.8 

0.10 28.74 46.69 809.81 
 
 

 

Source: Own elaboration. 

 

 

 

Box 17 
Table 6 

Quectel L70 data acquired in a 100 ms frame 
 

Time (s) 

Altitude 

(m) 

Latitude 

Decimal 

coordinates 

Longitude 

Decimal 

coordinates 

0 2089.02 19.0050907 -98.1192589 

0.01 2089.02 19.0050907 -98.1192589 

0.02 2089.02 19.0050907 -98.1192589 

0.03 2089.02 19.0050907 -98.1192589 

0.04 2089.02 19.0050907 -98.1192589 

0.05 2089.02 19.0050907 -98.1192589 

0.06 2089.02 19.0050907 -98.1192589 

0.07 2089.02 19.0050907 -98.1192589 

0.08 2089.02 19.0050907 -98.1192589 

0.09 2089.02 19.0050907 -98.1192589 

0.10 2089.02 19.0050907 -98.1192589 
 

Source: Own elaboration. 

 

The interface is functional, and the tests 

conducted demonstrate the integration of an 

ARM microcontroller and a graphical user 

interface for real-time monitoring of physical 

variables. Additionally, it provides a flexible and 

scalable system for various applications in 

instrumentation, control, and automation, as 

highlighted by other authors (Sharma et al., 

2024; Khalid et al., 2024). 

 

Conclusions 

 

This article presents the design and 

implementation of a real-time data acquisition 

and visualization system based on the integration 

of a microcontroller and a graphical interface 

developed in MATLAB AppDesigner. The 

microcontroller efficiently handled the reading, 

conversion, and transmission of data from 

multiple sensors, enabling clear and intuitive 

visualization through the graphical interface.  

 

The system demonstrated high efficiency 

and reliability, with stable data transmission and 

an interface that significantly enhances real-time 

monitoring and analysis of variables. However, 

some degradation in data transmission was 

observed at the highest sampling rates, 

highlighting an area for improvement. 

 

The integration of hardware and software 

resulted in a flexible and scalable solution, 

adaptable to a wide range of applications in 

instrumentation, control, and automation. 

Features such as zoom, pan, and customizable 

graphics selection not only enhance 

functionality but also improve the user 

experience compared to similar tools, offering 

greater ease of use and tailoring capabilities for 

diverse scenarios.  
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This optimized usability ensures that 

users can quickly and accurately interpret data, 

fostering productivity in complex monitoring 

environments. 

 

The integration of hardware and software 

resulted in a flexible and scalable solution, 

adaptable to a wide range of applications in 

instrumentation, control, and automation. 

Features such as zoom, pan, and customizable 

graphics selection not only enhance 

functionality but also improve the user 

experience compared to similar tools, offering 

greater ease of use and tailoring capabilities for 

diverse scenarios. This optimized usability 

ensures that users can quickly and accurately 

interpret data, fostering productivity in complex 

monitoring environments. 
 

Future work could explore the 

integration of advanced signal processing 

algorithms, such as filtering and feature 

extraction techniques, to enhance the quality and 

usability of the acquired data. Additionally, 

improving wireless transmission protocols 

would increase the system's versatility and 

enable broader applications.  
 

Beyond instrumentation, this system has 

the potential to impact fields such as industrial 

automation, research, and engineering education. 

For instance, it could serve as a training tool for 

engineering students, providing hands-on 

experience with real-time data systems, or as a 

platform for developing more sophisticated 

automated monitoring solutions in industrial 

environments. 
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