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Abstract  

 

The development and use of artificial intelligence [AI] in 
information systems has revolutionized the operational 

and strategic dynamics of companies in the technology 

sector. In Costa Rica, this phenomenon has impacted both the 

private and public sectors, generating significant advances in 
automation, efficiency, and decision-making. However, it has 

also brought with it ethical, legal, and other challenges that 
require a coordinated response from business management, 
internal policymaking, and government regulation. This article 
presents a comprehensive analysis of the use of artificial 
intelligence in the development of information systems in 
information technology [IT] companies in Costa Rica, 
considering its benefits, legal implications, and regulatory 
challenges.                                                                        

 

 

 

 

Artificial Intelligence, Legal Implications, Ethics 

 

Resumen 

 
El desarrollo y uso de la inteligencia artificial [IA] en los 
sistemas de información ha revolucionado la dinámica operativa 
y estratégica de las empresas del sector tecnológico. En Costa 
Rica, este fenómeno ha impactado tanto al sector privado como 
al público, generando avances significativos en automatización, 
eficiencia y toma de decisiones. Sin embargo, también ha traído 
consigo desafíos éticos, legales y de otra índole que requieren 
una respuesta coordinada de la gestión empresarial, la 

formulación de políticas internas y la regulación gubernamental. 
Este artículo presenta un análisis exhaustivo del uso de la 
inteligencia artificial en el desarrollo de sistemas de información 
en empresas de tecnologías de la información [TI] en Costa Rica, 
considerando sus beneficios, implicaciones legales y desafíos 
regulatorios. 
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Introduction 

 

Artificial intelligence [AI] has emerged as one of 

the technologies that has had the greatest impact 

on 21st-century society, substantially changing 

the way everything is managed in the world and 

also how organisations develop their IT systems 

and manage their processes. Its application in 

areas such as task automation, predictive 

analysis, code generation, and decision-making 

assistance has generated an unprecedented 

transformation in corporate environments, 

especially in the information technology [IT] 

sector. 

 

Consequently, Costa Rica has not been 

left behind, and the adoption of artificial 

intelligence tools has been growing in 

companies in various sectors, including those 

dedicated to software development, consulting 

services, and information management. This 

transformation has brought benefits such as 

increased productivity, optimisation of resources, 

and improved quality of products and services. 

However, it has also revealed significant 

weaknesses, including the exposure of sensitive 

data, technological dependence, the lack of 

specific regulations, and risks related to the 

transparency of the algorithms used. 

 

Furthermore, the Costa Rican legal 

framework is still in its early stages with regard 

to the specific regulation of artificial intelligence, 

which creates legal uncertainty about its 

application in various areas, including business, 

judicial, and administrative. There are general 

rules on data protection and fundamental rights, 

but the absence of clear guidelines governing the 

development and use of AI-based computer 

systems poses a challenge to both legal certainty 

and ethics in automated decision-making. 

 

The main objective of this article is to 

analyse the impact of artificial intelligence on 

the development of computer systems in Costa 

Rican technology companies, considering its 

operational benefits, technical vulnerabilities 

and legal implications. Based on a review of case 

studies and empirical evidence, good practices, 

regulatory gaps and opportunities for 

improvement are identified, and a series of 

recommendations are proposed aimed at 

formulating effective internal policies and 

strengthening the national regulatory framework. 

 

 

 

Theoretical Framework 

 

The evolution of artificial intelligence and its 

application in computer systems 

 

Artificial intelligence [AI] has come a long way 

since its origins in the 1950s, when John 

McCarthy coined the term and the first 

programmes capable of simulating human 

thought emerged [González, G., 2024]. Initially,  

 

AI was based on rule-based systems and 

symbolic logic, but technological and 

computational limitations slowed its progress. 

Nevertheless, these early developments laid the 

foundations for future developments and made it 

possible to devise machines capable of learning 

and reasoning like humans [Iberdrola, 2024]. 

 

Over the decades, the evolution of AI 

was marked by important moments such as the 

development of specific programming languages, 

the emergence of machine learning and the 

creation of artificial neural networks. The 

exponential growth in computing power and the 

availability of large volumes of data drove the 

emergence of deep learning, enabling AI to 

tackle complex tasks such as image recognition, 

natural language processing, and autonomous 

decision-making. These advances have changed 

the way we interact with technology and 

expanded the scope of AI in multiple sectors 

[Iberdrola, 2024]. 

 

In the field of computer systems, the 

integration of AI has radically transformed 

business and operational processes [Quiroz, C., 

2024]. Machine learning algorithms and neural 

networks have made it possible to automate 

complex tasks, optimise data management and 

offer personalised solutions to users. In addition, 

AI improves data analysis, strengthens decision-

making and contributes to operational efficiency, 

positioning itself as a key tool in the digital 

transformation of modern organisations. 

 

Artificial intelligence in information technology 

companies 

 

The technology industry has become one 

of the main beneficiaries of advances in artificial 

intelligence. In Costa Rica, this sector has 

experienced remarkable growth, positioning 

itself as an important element in the national 

economy.  

 

https://doi.org/10.35429/JITC.2025.9.20.1.1.14
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Technology companies have 

incorporated AI solutions in areas such as 

technical support, software development, data 

analysis, cybersecurity, and customer service, 

thereby optimising their processes and services 

[IBM, 2025]. 

 

For example, in the area of software 

development, AI tools assist in code writing, 

error detection and suggestions for 

improvements, accelerating the system 

development cycle [Itequia, 2025]. Furthermore, 

in the area of data analysis, AI facilitates the 

processing and analysis of large volumes of data, 

providing valuable insights for strategic 

decision-making [Amazon Web Services, 2024].  

 

Finally, in process automation, the 

implementation of bots and intelligent systems 

has made it possible to automate repetitive tasks, 

thereby freeing up human resources for activities 

with greater added value [Amazon Web Services, 

2024]. 

 

Therefore, it can be seen that artificial 

intelligence has established itself as a key driver 

for the transformation and growth of information 

technology companies around the world, and 

Costa Rica is no exception to this revolution. 

According to the Microsoft Latin America News 

Centre [Microsoft, 2025], more than 50% of 

SMEs [small and medium-sized enterprises] in 

our country already use AI to improve customer 

experience, increase productivity and optimise 

processes, which boosts their competitiveness in 

a dynamic economic environment.  

 

In addition, AI facilitates the analysis of 

large volumes of data and the automation of 

tasks, allowing companies to focus on strategic 

and higher value-added activities [CINDE, 

2023]. 

 

Classification of artificial intelligence tools in 

the business environment 

 

Consequently, the classification of artificial 

intelligence tools in the business environment 

allows for the identification of the most 

appropriate solutions to meet the specific needs 

of each organisation. These tools range from 

data analysis and process automation systems to 

chatbots, virtual assistants, and cybersecurity 

platforms, thus facilitating the optimisation of 

operations and strategic decision-making.  

 

However, depending on their 

functionality and application, AI tools in the 

business environment can be classified as 

follows: 

 

- Natural Language Processing [NLP]: 

which allows machines to understand 

and interpret human language, 

facilitating interaction with users 

through chatbots and virtual assistants 

[Slack Technologies, 2023].  

 

- Machine Learning: which uses 

algorithms that learn from analysed data 

to make predictions or decisions without 

being explicitly programmed. 

 

- Computer vision: through which 

machines can interpret and process 

visual images of the real world, 

demonstrating their usefulness in 

applications such as facial recognition 

and quality inspection in manufacturing 

[Slack Technologies, 2023]. 

 

- Recommendation systems: which 

analyse user data to suggest personalised 

products or services, thereby 

significantly improving the customer 

experience [Amazon Web Services, 

2024]. 

 

This classification facilitates the 

selection of appropriate solutions for each 

company, driving efficiency, personalisation and 

competitiveness in modern organisations. 

 

Internal governance of AI use in organisations 

 

In many organisations, due to the rise of AI, 

internal policies have been implemented to 

regulate its use, as the establishment of national 

regulations is still unclear or has simply been 

delayed by political situations.  

 

These guidelines establish rules on 

permitted and prohibited applications, as well as 

defining procedures for requesting and 

approving specific tasks with AI. They also 

include security standards to protect sensitive 

information, ongoing training requirements for 

employees, and auditing and monitoring 

mechanisms [Amazon Web Services, 2024].  
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These practices foster a responsible and 

ethical culture in the use of technology, although 

their effectiveness will depend on management 

commitment and clarity on the part of employees 

regarding the established protocols. 

 

These internal policies contribute to a 

more responsible use of artificial intelligence in 

organisations, promoting safety and ethics. 

However, their success requires ongoing staff 

training and periodic review of protocols to 

adapt to technological advances and potential 

risks.  

The existence of monitoring and auditing 

mechanisms ensures compliance and continuous 

improvement of these practices. In a context 

where there is no clear national regulation, these 

measures are essential to ensure the conscious 

and safe use of artificial intelligence in different 

sectors [OECD, 2019]. 

 

Ethical considerations in the application of AI 

 

The implementation of artificial intelligence 

raises a number of ethical challenges that need to 

be addressed to ensure technological 

development that is fair, transparent and 

respectful of the principles of equity, privacy and 

responsibility [European Commission, 2021]. 

 

Some of the most relevant concerns 

surrounding the use of artificial intelligence are 

as follows: 

 

- Algorithmic biases: when AI systems are 

trained with data that contains biases, 

these biases can be transferred to their 

results, which could perpetuate and even 

intensify pre-existing inequalities. 

- Lack of transparency: it is essential that 

AI systems are transparent in their 

decisions, allowing users to understand 

how certain results are reached. 

- Privacy and protection of personal 

information: the extensive use of AI 

often involves the collection, storage and 

mass analysis of personal data, which 

can jeopardise fundamental rights if 

adequate protection measures are not 

implemented. 

 

Therefore, all countries must work to 

develop specific legislation to regulate these 

aspects, so as not to create a significant gap in 

terms of the protection of human rights, judicial 

guarantees, and principles of good 

administration.  

The use of AI can deepen inequalities 

and reproduce social biases, affecting 

fundamental rights. It is therefore essential to 

develop legislation based on ethical principles, 

equity and inclusion. Initiatives such as 

UNESCO's recommendation on AI ethics and 

Costa Rica's commitment to this regulation seek 

to ensure responsible use. International 

cooperation is key to ensuring that AI is safe, fair 

and respectful of human rights [Baiocchi, A. & 

Leicht, A., 2023]. 

 

Artificial intelligence and the Costa Rican legal 

framework 

 

In 2024, the Costa Rican government presented 

the National Artificial Intelligence Strategy 

[ENIA] 2024-2027, a proposal promoted by the 

Ministry of Science, Innovation, Technology 

and Telecommunications [MICITT]. The 

purpose of this strategy is to promote the use, 

implementation and development of artificial 

intelligence in an ethical, safe and responsible 

manner.  

 

The ENIA was developed in a 

participatory manner, with input from academia, 

the public sector, civil society and the private 

sector, with the intention of maximising the 

benefits of AI for the population and reducing its 

potential risks. The development of the strategy 

was also supported by several international 

organisations, including the European Union. 

Costa Rica is thus the first country in Central 

America and the Caribbean to launch a strategy 

of this nature, and one of the pioneers in the 

region [Barquero, R., 2025]. 

 

The ENIA establishes concrete measures 

to optimise the benefits of artificial intelligence, 

anticipating the ethical, social and technical 

challenges that its adoption entails. Its approach 

is based on fundamental ethical principles such 

as human dignity, transparency, equity and 

human oversight.  

 

These principles seek to ensure that the 

development of AI is people-oriented and 

promotes well-being in all regions of the country, 

aligning with international best practices and 

global trends in artificial intelligence [Salas, J., 

2024]. 
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It is important to mention that the ENIA 

was structured to cover seven very important 

strategic areas, which are: a] ethical, safe and 

responsible AI, b] territorial coordination and 

economic development, c] promotion of 

research, development and innovation, d] smart 

government, e] talent training and development, 

g] digital infrastructure and enabling 

technologies, and f] international leadership 

[Barquero, R., 2025]. 

 

Similarly, the country has developed 

general legislation on issues related to the use of 

technologies. Some of the existing regulations 

that are indirectly linked to AI include: 

 

- Law on the protection of individuals with 

regard to the processing of their personal 

data [Law 8968, 2011]: which 

establishes principles for the ethical 

processing of data, including informed 

consent, security and purpose of use. 

 

- Law on the Protection of Citizens from 

Excessive Administrative Requirements 

and Procedures [Law 8220, 2002]: which 

seeks to simplify procedures, which 

could facilitate the use of automated 

tools, but also poses risks if transparency 

is not controlled. 

 

- MICITT regulations and the digital 

transformation strategy: which promote 

the use of emerging technologies. 

 

The development of all this legislation 

and strategies at the country level constitutes a 

significant step towards responsible innovation 

and technological development, with a view to 

positioning the country as a leader in digital 

transformation. Undoubtedly, it represents a 

significant challenge for nations, especially 

smaller ones such as Costa Rica, to keep pace 

with global technological progress [Summa 

Magazine, 2024]. 

 

Methodology 

 

This section establishes the methodological 

foundations that guide this research. It details the 

approach adopted, as well as the techniques and 

methods used to collect and analyse the data 

necessary to meet the objective set out in the 

study. 

 

 

 

Type of research 

 

The research is framed within a descriptive and 

evaluative approach. The descriptive component 

aims to identify and detail the characteristics, 

properties, and profiles of the phenomena 

studied, while the evaluative approach seeks to 

collect data that is important and enables the 

measurement of the fulfilment of the established 

objectives. This methodological combination 

facilitates a comprehensive understanding of the 

current state of the research topic and allows for 

a more accurate assessment of its impact 

[Creswell, J. W., 2018]. 

 

Research scope 

 

The scope of this research is descriptive, which 

means that it will focus on detailing specific 

aspects of the topic. Its main objective is to 

present a clear and accurate description of the 

related facts and situations, providing an 

overview and orderly view of the events or 

characteristics found. In this way, it seeks to 

offer a basic and structured understanding of the 

object of study [Hernández, R., Fernández C. 

and Baptista, P., 2021]. 

 

Research approach 

 

A mixed approach is adopted, as it integrates 

both quantitative and qualitative methods, taking 

advantage of the strengths of each to achieve a 

more complete view of the object of study. The 

quantitative approach is based on the use of 

numerical data and statistical measurements, 

while the qualitative approach focuses on 

exploring perceptions, opinions and experiences, 

thus allowing for a deeper and more 

contextualised understanding of the phenomena 

analysed [Hernández, R., Fernández C. and 

Baptista, P., 2021]. 

 

This study will use a mixed approach, as 

it allows for the integration of quantitative data, 

obtained through a survey on the impact of 

artificial intelligence tools on efficiency and 

decision-making, with qualitative data that 

collects perceptions and experiences. This 

methodological combination offers a broader 

and more detailed understanding of the 

phenomenon analysed, addressing both 

measurable and interpretative aspects of the use 

of AI in the development of computer systems in 

Costa Rican technology companies. 
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Research design 

 

This section establishes the design and 

methodology that will be used to carry out the 

study, based on the type of research, scope and 

approach previously selected. 

 

Box 1 
 

 
 

Figure 1 

Research structure 
Source: Own elaboration 

 

Figure 1 visually presents the planned 

research path. Based on the information and 

characteristics defined according to the type of 

research, its scope and focus, the study will be 

oriented towards evaluation with the purpose of 

analysing both the benefits and weaknesses 

associated with the use of artificial intelligence 

tools in companies in the Costa Rican 

technology sector.  
 

The study will be descriptive in scope, 

aimed at recording the characteristics of artificial 

intelligence, as well as its effects on productivity 

and efficiency in the workplace, in addition to 

analysing aspects related to existing legislation.  
 

A mixed approach will also be used, 

integrating quantitative data obtained through 

closed-ended survey questions and qualitative 

data collected through open-ended interview 

questions that gather opinions and experiences. 

This combination provides a comprehensive and 

detailed perspective on the impact of AI on 

Costa Rican technology companies. 
 

Sample 
 

The study used a non-probabilistic sample. 

According to Hernández Sampieri [2021], in this 

type of sample, ‘the choice of elements does not 

depend on probability, but on causes related to 

the characteristics of the research or the 

researcher's purposes’ [p. 176]. In other words, 

it is a method that does not respond to a 

mechanical approach or rely on probabilistic 

formulas.  

On the contrary, it depends on the 

judgement and decisions made by the 

researchers, guided by specific criteria directly 

linked to the content and objectives of the 

research. 

 

The sample consists of professionals in 

the IT and legal fields who are involved in the 

use and development of artificial intelligence 

systems, as well as management personnel from 

companies that use AI of various types, both 

public and private, in the greater metropolitan 

area, known as GAM, which encompasses the 

four largest cities in Costa Rica, namely San José, 

Alajuela, Cartago and Heredia, all located in the 

central plateau of the country.  

 

The sample, composed of 100 

individuals, was obtained through stratified 

random sampling based on province, age, and 

whether the individuals met the aforementioned 

job profile. 

 

Representative samples were chosen 

from these groups in order to ensure that the 

information obtained would provide a 

comprehensive and balanced perspective on the 

topic under investigation. 

 

Data collection instruments 

 

Structured interviews and surveys were used as 

methods for gathering information. The 

interviews provided a detailed understanding of 

the opinions and perceptions of the experts, 

while the surveys allowed data to be collected 

from a larger number of participants, thus 

providing a broader perspective on the topic 

under investigation. 

 

Documentary analysis was also used, 

which consists of the organised review, 

assessment and compilation of relevant 

information contained in documents and records 

related to the subject of study. 

 

Information analysis techniques 

 

Information analysis techniques are the set of 

transformations, operations, reflections, and 

checks performed on data in order to extract 

relevant meaning in relation to the research 

problem [Saiz, R., 2016]. For the analysis of the 

data, the triangulation technique was used, 

which allows information from different sources 

to be compared in order to ensure the validity 

and reliability of the results. 

https://doi.org/10.35429/JITC.2025.9.20.1.1.14
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Likewise, in this case, the information 

analysis was carried out using the graph analysis 

technique. According to López-Roldán [2015], 

"graphs are used to demonstrate data collected in 

an organised manner. 

 

 There are several alternatives for 

presenting information graphically. The type of 

graph should be chosen according to the 

researcher's needs or interests" [p. 137]. In other 

words, these are visual representations used to 

show data graphically. There are various types 

of graphs that can be used to illustrate the 

measurements obtained. This technique is often 

applied in mixed-methods research, in which 

statistical data is presented followed by a 

qualitative analysis of the information collected.  

 

In the case of this research, Microsoft 

FORMS was used, which allows the creation of 

online surveys that users can access via a web 

browser or mobile device [Microsoft, 2023]. The 

tool also includes a section for analysing 

responses using graphs and offers the possibility 

of integration with Excel spreadsheets, which 

facilitates a more detailed examination of the 

responses obtained in the surveys. 

 

Results 

 

The following are the results derived from the 

data collection and analysis process, aimed at 

examining the main challenges and benefits 

associated with the development of computer 

systems based on artificial intelligence. The 

information was obtained through interviews, 

surveys, and document review. 

 

In the Costa Rican business sector, 

especially in companies in the field of 

information technology, the implementation of 

tools based on artificial intelligence has 

experienced significant growth. This 

development responds to the growing demand 

for process automation, operational efficiency 

optimisation, cost reduction, and the 

development of more personalised and 

competitive products and services. The most 

important data analysed and the results obtained 

from the application of the data collection 

instruments are shown below: 

 

 

 

 

 

Box 2 
 

 
 

Figure 2 

Frequency of use of AI tools 
Source: Own elaboration 

 

Figure 2 shows that 80% of respondents 

from information technology companies use AI 

tools on a daily basis, while 20% do so on a 

monthly basis. These data reveal a high degree 

of technological dependence and, at the same 

time, reflect a competitive advantage derived 

from the systematic use of AI, particularly in 

terms of time optimisation and improved 

operational performance. 

 

To further complement the above results, 

according to Redacción BDM [2023] and Job 

Market Insights [2024], the daily adoption of 

artificial intelligence-based tools is a growing 

global trend, driven mainly by its positive impact 

on professional productivity and the 

optimisation of work processes. 

 

Box 3 
 

 
Figure 3 

Benefits of using AI tools 

Source: Own elaboration 

 

On the other hand, Figure 3 shows that 

the main benefits perceived from the use of 

artificial intelligence tools in information 

technology companies are concentrated in 

increased efficiency, automation of repetitive 

tasks, and acceleration in code generation, 

aspects indicated by 80% of respondents.  

 

These are followed by improved 

decision-making [60%] and, to a lesser extent, 

improvements in communication writing [20%].  

 

https://doi.org/10.35429/JITC.2025.9.20.1.1.14
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The results indicate that 80% of the 

identified benefits are linked to operational 

functions, suggesting significant process 

optimisation and reduced execution times. For 

its part, improved decision-making is emerging 

as a strategic benefit, while the low percentage 

associated with writing suggests an area with 

potential for development. 

 

Complementing the finding identified in 

this result, according to Carlos Gonzalo [2024] 

and Paulyne Sombret [2025], it is indicated that 

artificial intelligence-based tools facilitate the 

automation of routine tasks, allowing 

professionals to devote more time to strategic 

activities with greater added value for companies. 

 

Box 4 
 

 
Figure 4 

Frequency of use of AI tools 
Source: Own elaboration 

 

Consequently, Figure 4 shows that the 

artificial intelligence tool most used by 100% of 

respondents is ChatGPT, followed by Copilot 

with 60% usage, Gemini and Perplexity AI, 

which are used by 40%, while poe.com, Cursor, 

Ollama and Windsurf have the lowest usage at 

20%. This result reveals a preference for AI tools 

that optimise daily work activities. 

 

However, another aspect identified in the 

Costa Rican business context is that 

organisations with different levels of maturity in 

the technology sector have begun to incorporate 

artificial intelligence-based tools in various 

functional areas. This incorporation responds 

both to the need to improve operational 

efficiency and to the search for innovation and 

competitive advantage in an increasingly 

digitalised environment. 
 

The most widely used tools, such as those 

mentioned in Figure 4, include certain features 

that are significant for companies, among which 

are: a] AI-assisted development, where tools 

such as Copilot have been incorporated into 

software development environments to assist 

programmers in tasks such as suggesting lines of 

code, detecting errors, and recommending 

refactoring.  

These platforms contribute significantly 

to the optimisation of development cycles by 

reducing programming times and improving 

code quality, which has a positive impact on the 

efficiency and productivity of technical teams 

[GitHub, 2024]. b] Predictive data analysis, 

where the application of machine learning 

techniques enables organisations to anticipate 

market trends, predict user behaviour, and detect 

potential technical failures before they occur.  

 

These advanced analytical capabilities 

not only strengthen preventive management, but 

also facilitate more informed, data-driven 

decision-making that is strategically oriented 

towards achieving sustainable competitive 

advantages in dynamic and highly competitive 

environments [Accenture, 2024]. c] IT 

infrastructure optimisation, which allows cloud 

resources to be managed, workloads to be 

balanced, vulnerabilities to be detected, and 

maintenance tasks to be performed 

autonomously through the use of intelligent 

algorithms [Amazon Web Services, 2024]. 

balance workloads, detect vulnerabilities, and 

perform maintenance tasks autonomously 

[Amazon Web Services, 2024]; and d] customer 

service through chatbots that propose solutions 

based on natural language processing [NLP] to 

provide support to end users, automate responses, 

and offer 24/7 service with high levels of 

accuracy [IBM, 2024]. 

 

Similarly, the implementation of 

artificial intelligence-based tools in the 

information technology business sector has 

generated a series of benefits that have been 

documented both in specialised literature and in 

various business experiences.  

 

Among the most notable benefits is 

increased productivity and operational 

efficiency, as it allows technical teams to focus 

on strategic activities, while AI takes on 

repetitive or predictive tasks. Intelligent 

automation also contributes to the reduction of 

human error, minimising mistakes caused by 

fatigue or distraction, particularly in critical 

processes such as programming or data 

management. 

 

Another important benefit is the boost to 

innovation in products and services, as it enables 

the development of more advanced 

technological solutions with adaptive and 

customised capabilities tailored to the needs of 

end users.  
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Likewise, the customer experience is 

enhanced through the use of virtual assistants, 

recommendation systems and behavioural 

analysis, which promotes customer satisfaction 

and loyalty. 

 

 Finally, AI also contributes to the 

optimisation of operating costs, thanks to more 

efficient resource management, the reduction of 

manual tasks and improvements in energy 

consumption, which translates into significant 

savings for organisations [World Economic 

Forum, 2024] and [PWC, 2023]. 

 

Similarly, Costa Rica has made 

significant progress in digital transformation, 

standing out in Latin America for its high rating 

in the World Economic Forum's Networked 

Readiness Index. However, structural challenges 

remain that affect digital equity, technological 

infrastructure, talent development, and 

regulation in the country [CAMTIC, 2018]. 

 

The digital maturity of Costa Rican 

companies varies considerably. Large 

multinational and exporting corporations have 

integrated AI into their strategic processes, 

leveraging its potential to optimise operations 

and make informed decisions. In contrast, many 

small and medium-sized enterprises [SMEs] are 

still in the early stages of technology adoption, 

implementing isolated or low-cost solutions 

[Alfaro, P., Alfaro, R., & Herrera, R., 2024]. 

 

Therefore, to move towards equitable 

and sustainable digitalisation, it is essential to 

strengthen technical capacities, standardise good 

practices, and promote responsible innovation 

policies. Furthermore, the implementation of a 

national AI strategy, aligned with international 

ethical recommendations, will be crucial to 

ensuring that artificial intelligence contributes to 

business development in an inclusive and 

effective manner. 

 

The rapid development of artificial 

intelligence has also exceeded, in various 

contexts, the adaptability of conventional legal 

frameworks. The inherent complexity of these 

technologies, which are characterised by their 

algorithmic functioning, operational autonomy 

and, in many cases, lack of transparency, poses 

significant challenges for the law.  

 

 

 

Among the most critical issues are the 

determination of legal liability, the guarantee of 

transparency in automated processes, the 

protection of fundamental rights and the need for 

effective institutional oversight and control 

mechanisms. 

 

In this regard, although Costa Rica has 

made significant progress in the adoption of 

artificial intelligence, it still faces major 

challenges in terms of regulation and governance.  

 

Currently, there is no specific legislation 

that comprehensively addresses the development, 

implementation, and supervision of AI-based 

technologies. This creates regulatory gaps that 

can compromise equity, transparency, and the 

protection of fundamental rights. For example, 

the use of AI in judicial and hiring processes has 

raised concerns about bias and lack of 

transparency [AI-360, 2025]. 

 

Although initial steps have been taken, 

such as the presentation of Bill No. 23,771, the 

Costa Rican regulatory framework for artificial 

intelligence continues to have significant gaps.  

 

Among the main omissions are the 

absence of a classification of AI systems 

according to their level of risk, as well as the lack 

of differentiated regulations that take into 

account the type of application, especially in 

sensitive sectors such as health, justice or 

finance. Furthermore, there are no plans to create 

a national entity responsible for supervising 

these technologies, nor have mandatory 

mechanisms for prior legal or ethical impact 

assessment been established. Nor are there any 

provisions guaranteeing the right of individuals 

to obtain comprehensible explanations when a 

decision has been made by an automated system.  

 

This lack of regulation places citizens in 

a vulnerable position in the face of opaque 

technologies that are difficult to audit and lack a 

clear and effective institutional control 

framework [Legislative Assembly of Costa Rica, 

2023] and [IAPP, 2023]. 

 

Therefore, Costa Rica currently has a key 

opportunity to establish regulatory frameworks 

to guide the ethical, legal and technical 

development of artificial intelligence within 

information technology companies.  
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Although the country has made progress 

in digitisation processes and maintains a 

sustained commitment to the promotion of 

human rights, the lack of specific regulation on 

AI represents a considerable risk, especially 

given its growing implementation in strategic 

areas such as business, the judiciary and 

education.  

 

Consequently, a set of guidelines 

structured on three levels is proposed below: 

national legal framework, internal company 

policies and cross-cutting public policies, which 

seek to be a benchmark in guiding the 

responsible use of AI in information systems 

development companies in Costa Rica. 

 

Level 1: Proposed guidelines for a national legal 

framework 

 

Costa Rica faces the challenge of establishing a 

comprehensive regulatory framework to govern 

the development and use of AI-based 

technologies, with the aim of ensuring an ethical, 

safe environment that respects fundamental 

rights. To this end, it is essential to enact a 

General Law on Artificial Intelligence that 

includes principles such as transparency, 

security, human oversight and non-

discrimination. 

 

This law should include the classification 

of AI systems according to risk levels such as 

high, medium and low, as well as prohibiting 

applications considered intrusive or 

unacceptable, such as real-time mass 

surveillance, recognising fundamental digital 

rights, such as the right to explanation and to 

challenge automated decisions, and establishing 

differentiated obligations for developers, 

providers and users. It also proposes the creation 

of a National Authority for Ethics and 

Algorithmic Oversight, responsible for 

certification, auditing, issuing guidelines and 

monitoring the use of AI in both the public and 

private spheres. This entity could also 

collaborate with academic institutions and 

research centres to promote ethical and 

regulatory standards at the national level. 

 

Finally, it is necessary to update the 

current legal framework, particularly Law No. 

8968 on personal data protection, incorporating 

provisions on algorithms, automated decisions 

and the processing of large volumes of data 

known as big data.  

 

This reform should be coordinated with 

other sectoral regulations, such as the Labour 

Code, the General Law on Public Administration 

and those related to the health, education and 

justice sectors, in order to ensure cross-cutting, 

coherent regulation that is adapted to the 

challenges posed by artificial intelligence in 

different contexts. 

 

Level 2: Guidelines for internal company 

policies 

 

Companies in the information technology sector 

have a responsibility to develop and implement 

organisational policies that adequately regulate 

the use of artificial intelligence. These policies 

should be guided by fundamental ethical 

principles, such as algorithmic transparency, 

personal data protection, fairness and non-

discrimination, as well as human oversight and 

institutional accountability. 

 

 An effective policy should contemplate 

the creation of internal technology governance 

committees, made up of representatives from 

legal, technical, administrative and ethical areas, 

responsible for reviewing, approving and 

auditing projects involving AI in the 

organisation. 

 

It is also essential to establish clear 

procedures for the use of generative AI tools 

such as ChatGPT, GitHub Copilot, Gemini or 

code generation platforms that define criteria for 

use, functional limits, access controls and 

mechanisms for validating the information 

generated. Added to this is the need to conduct 

periodic assessments of the risks and benefits 

associated with each technological 

implementation, considering legal, reputational, 

operational, cybersecurity and occupational 

health aspects. 

 

Finally, ongoing training for employees 

on digital ethics and artificial intelligence is 

essential. This training should address key 

aspects such as algorithmic bias, data protection, 

model interpretation, and the criteria necessary 

for effective human supervision, in order to 

foster a critical and responsible organisational 

culture regarding the use of these emerging 

technologies. 

 

Level 3: Cross-cutting public policy proposals 
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With the aim of strengthening the 

national artificial intelligence ecosystem, we 

propose the adoption of a series of cross-cutting 

measures that favour inclusive, ethical 

development contextualised to the country's 

needs. Firstly, it is essential to encourage the 

local development of AI technologies by 

creating support mechanisms such as tax 

incentives, acceleration programmes, innovation 

incubators and investment funds aimed at 

promoting technological solutions with a Costa 

Rican identity. 

 

These initiatives should focus on 

addressing the country's priority challenges in 

areas such as public health, education, citizen 

security and environmental sustainability. 

Second, there is a need to incorporate content on 

AI ethics and regulation into higher education 

curricula, both in public and private universities.  

 

This incorporation should not be limited 

to technical disciplines, but should extend to 

fields such as law, administration, 

communication, and social sciences, in order to 

train professionals capable of understanding and 

addressing the social, legal, and ethical 

challenges posed by the use of these 

technologies. 

 

Therefore, the importance of ensuring 

equitable access to these technologies is 

highlighted, particularly for micro, small and 

medium-sized enterprises and for regions 

located outside the Greater Metropolitan Area.  

 

This involves facilitating access to digital 

infrastructure, AI tools and training programmes 

that reduce territorial gaps and strengthen 

competitiveness throughout the country. 

 

Expected benefits of implementing the guidelines 

 

The adoption and effective implementation of 

these guidelines would have a significant impact 

on strengthening Costa Rica's digital ecosystem. 

First, it would help consolidate Costa Rica's 

reputation as a regional leader in promoting 

human rights and the ethical use of technology. 

 

It would also mitigate the legal, social 

and reputational risks that can arise from the 

unregulated use of artificial intelligence. At the 

same time, these guidelines would promote more 

inclusive, equitable and sustainable 

technological development, in line with the 

country's needs and international standards.  

Furthermore, their application would 

strengthen the global competitiveness of 

national technology companies by 

demonstrating a commitment to responsible 

innovation. 

 

In short, this implementation would 

reinforce the protection of citizens' rights against 

potentially unfair or arbitrary automated 

decisions, ensuring a framework of transparency, 

oversight and accountability. 

 

Below is a summary of the 

recommendations by level: 

 

Box 5 
Table 1 

Recommendations by level 
 

Level Proposal Justification 

National Specific law on AI 
Guaranteeing 
rights and legal 
certainty 

National Supervisory authority 
Monitor usage 
and certify 
solutions 

Business Internal policy on AI 
Ethical and 
controlled use 

in companies 

Business Governance Committee 
Monitoring and 
traceability 

Audience Education in ethical AI 
Training critical 
and responsible 
talent 

Audience 
Incentives for 
innovation 

Sovereign 

development of 
technology 

 

 

Conclusions 

 

The study has enabled us to draw a series of 

fundamental conclusions. Firstly, artificial 

intelligence-based tools play an important role in 

improving work performance within IT 

companies that develop information systems.  

 

Their incorporation has facilitated the 

automation of routine and repetitive tasks, 

allowing professionals in the field to focus their 

efforts on strategic and higher value-added 

functions, thus contributing to more efficient and 

innovation-oriented management. 

 

Second, the absence of a specific 

regulatory framework governing the use of 

artificial intelligence in Costa Rican technology 

companies has been identified as one of the main 

obstacles.  
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Although there are general provisions 

applicable to the use of technologies in the 

public sphere, clear and comprehensive 

legislation that addresses the particularities of 

these emerging technologies has not yet been 

enacted. This regulatory gap creates uncertainty 

regarding the conditions under which artificial 

intelligence tools should be implemented. 

 

Furthermore, the implementation of 

artificial intelligence tools in a technology 

company must be carried out in a progressive 

and planned manner in order to facilitate a 

smooth transition for staff. This approach 

mitigates potential adverse situations and 

promotes more effective integration. However, it 

is important to establish continuous training 

processes, which are essential both to fully 

exploit the potential of these emerging 

technologies and to reduce resistance to change 

among employees. 

 

Finally, future considerations regarding 

the incorporation of artificial intelligence in 

Costa Rican technology companies are 

promising, provided that its incorporation is 

carried out in a strategic and planned manner. As 

technological development advances at a rapid 

pace, it becomes necessary for the regulatory 

framework to evolve in response to new 

challenges that arise. 

 

 In this way, it will be possible to confirm 

that the use of artificial intelligence not only 

contributes to optimising the efficiency and 

transparency of organisational processes, but 

also acts as a catalyst for strengthening the 

business sector in Costa Rica, while ensuring the 

protection of human rights and the promotion of 

equity. 
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Abstract  
 
The project develops an Android mobile application in Kotlin for 
the detection of diseases in strawberry plants using a 
MobileNetV3 model converted to TensorFlow Lite. It includes 
stages of dataset preprocessing, model fine-tuning, and on-
device inference. The application, built with Jetpack Compose, 
integrates the camera to make real-time predictions without an 

internet connection. Experimental results and recent literature 
confirm that MobileNetV3 offers an effective balance between 
accuracy and efficiency, enabling agile performance on mobile 
devices. This approach demonstrates the potential of lightweight 
deep learning in digital agriculture, facilitating portable 
diagnostic tools for strawberry growers. 
 

 
MobileNetV3, TensorFlow Lite, Kotlin, strawberries plants  

 

Resumen 

 
El proyecto desarrolla una aplicación móvil Android en Kotlin 
para la detección de enfermedades en plantas de fresa mediante 
un modelo MobileNetV3 convertido a TensorFlow Lite. Se 
incluyen etapas de preprocesamiento del dataset, ajuste fino del 
modelo e inferencia en dispositivo. La aplicación, construida con 

Jetpack Compose, integra la cámara para realizar predicciones en 

tiempo real sin conexión a internet. Los resultados experimentales 

y la literatura reciente confirman que MobileNetV3 ofrece un 

equilibrio eficaz entre precisión y eficiencia, permitiendo un 

desempeño ágil en dispositivos móviles. Este enfoque demuestra el 

potencial del aprendizaje profundo ligero en la agricultura digital, 

facilitando herramientas portátiles de diagnóstico para productores 

de fresa. 
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Introduction 

 

Strawberries are a key crop for Mexican 
agriculture and are in high demand 
internationally, placing Mexico among the top 
three exporters, with revenues of close to 400 
million pesos in 2020, especially in Michoacán, 
Baja California, Jalisco, and Guanajuato [Rocha 
et al., 2024].  However, pests and diseases such 
as powdery mildew, Diplocarpon earlianum, 
Tetranychus urticae, and Heliothis virescens 
threaten the quality and quantity of production 
and may even pose risks to human health 
[Rehman et al., 2023]. Fungal pathogens 
continue to represent one of the main 
phytosanitary problems in crops of economic 
importance, as documented in roses and regional 
species [Tovar-Pedraza & García-León, 2025]. 

 

To address these challenges, precision 
agriculture has gained relevance by integrating 
robotics, remote sensing, data analysis, and 
image processing to optimize crop management 
[Ngugi et al., 2021]. In particular, image 
processing and machine learning stand out as 
fast, accurate, and cost-effective methods for 
early detection and assessment of pests and 
diseases, estimating severity by comparing 
affected areas with the entire plant [Biswas et al., 
2022]. 

 

Although hyperspectral technologies 
offer high precision, their high cost limits their 
adoption; therefore, the use of mobile devices 
and visible spectrum images emerges as an 
accessible and effective alternative for farmers 
in rural regions [Shin et al., 2021]. 

 

The use of lightweight CNN 
[Convolutional Neural Network] models for 
disease detection in leaves and fruits has grown 
considerably, with implementations geared 
toward mobile devices to support producers in 
the field.  

 

Models such as MobileNetV3 have 
proven effective due to their computational 
efficiency, making them natural candidates for 
Android applications with on-device inference 
using TensorFlow Lite.  

 

In addition, there are specific datasets for 
strawberries that allow for realistic training and 
validation [Liu et al., 2023]. 

 

 

Literature Review 

 

Khan et al. [2023] note that automatic disease 
detection in crops using computer vision has 
shown significant advances in the last decade; in 
the last five years, research has shifted toward 
lightweight models and on-device solutions that 
enable field diagnosis without dependence on 
the cloud.  

 

In the specific case of strawberries, 
recent studies have shown that approaches based 
on object detection and region classification 
[object detection + post-filtering] can achieve 
high mAP values in data collected in 
greenhouses and fields, including strategies for 
handling “unknowns” [diseases not seen in 
training] [You et al., 2022].  

 

MobileNetV3 and lightweight models for 
mobile deployment 

 

MobileNetV3 [in its small and large variants] 
and other architectures designed for edge 
computing have been widely adopted in 
precision agriculture due to their balance 
between accuracy and computational cost. 
Recent work shows that MobileNetV3-small, 
when properly tuned, achieves accuracies 
comparable to larger networks in leaf 
classification tasks and enables inference rates 
suitable for on-device execution on conventional 
phone CPUs. This supports its selection when 
the application requires low latency and offline 
operation [Khan et al., 2023]. 

 

Optimization for device inference 

 

The literature and practical guides indicate that 
conversion to TensorFlow Lite and techniques 
such as post-training quantization [int8/float16], 
structured pruning, and knowledge distillation 
are essential steps to achieve compact models 
with minimal loss of accuracy. 

 

 TensorFlow Lite documentation and 
recent studies on lightweight deep learning 
describe reproducible workflows [training → 
conversion → optimization → app integration] 
and show measurable benefits in size, latency, 
and energy consumption.  

 

These optimizations are especially 
relevant for detecting small lesions in fruits or 
leaves without sacrificing the user experience 
[TensorFlow Lite team, 2021].  
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Dataset, generalization, and challenges in 
strawberry 

 

A recurring limitation is the scarcity of 
strawberry image sets representative of real 
conditions—variable lighting, complex 
backgrounds, different varieties, and disease 
stages—compared to more general datasets [e.g., 
PlantVillage]. 

 

 Recent reviews warn that models that 
achieve high accuracy in PlantVillage or other 
controlled repositories often degrade in 
performance on field images; therefore, data 
augmentation techniques, local collection 
[proprietary datasets], and spatial/temporal 
validation are frequently used to assess 
robustness. In strawberries, studies combining 
specific datasets with augmentation techniques 
and field tests offer the most robust evidence of 
feasibility [Pandey et al., 2024]. 

 

Empirical evidence in related crops and case 
studies 

 

Specific applications in nearby crops [cucumber, 
mango, tomato] have shown that MobileNetV3 
and optimized variants offer competitive results 
when transfer learning + quantization pipelines 
are applied. In addition, studies on detection in 
edge devices report significant reductions in size 
and latency after applying quantization without 
significant losses in accuracy, enabling real-time 
execution on mid-range mobile devices. These 
studies serve as proof of concept and 
methodological guidelines directly applicable to 
strawberries [Liu et al., 2023]. 

 

Mobile integration [Kotlin, Jetpack Compose, 

best practices] 

 

Sherwood et al. [2024] explain that from a 
software engineering perspective, there are 
official resources and guides 
[Google/TensorFlow/MediaPipe] that detail the 
integration of TFLite models into Android apps, 
the use of accelerators [GPU delegate, NNAPI], 
and UX considerations [camera capture, 
permission management, threads for inference].  

 

The use of Kotlin and Jetpack Compose 
facilitates the construction of modern interfaces 
that integrate the camera and the 
preprocessing/inference pipeline, also allowing 
for modular architectures for updates [e.g., 
support for on-device fine-tuning or model 
downloads]. 

Methodology 

 

Dataset 

 

A dataset of strawberry images with the 

following disease annotations obtained from the 

Kaggle/ Strawberry Disease Detection, 

repository was used, containing labeled images 

and allowing for segmentation/classification: 

 

- Angular leaf scorch 

- Powdery Mildew 

- Blossom blight 

- Healthy 

- Leaf scorch 

 

Table 1 summarizes the number of samples 

collected for each class in the dataset. 

 

Box 1 

Table 1 

Dataset 

 
Label Class Obtained Augmented 

0 Angular Leaf 

Scorch 

392 700 

1 Powdery 

Mildew 

470 700 

2 Blossom Blight 179 700 

3 Healthy 1000 700 

4 Leaf Scorch 543 700 

Source: Own elaboration 

 

Preparation and training 

 

1. Preprocessing: The images were 

normalized to values in the range [0,1] 

using equation [1]: 

 

𝐼𝑛𝑜𝑟𝑚 =
𝐼 − 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥 − 𝐼𝑚𝑖𝑛
                      [1] 

 

where 𝐼 represents the pixel matrix of the 

original image, and𝐼𝑚𝑖𝑛, 𝐼𝑚𝑎𝑥 correspond to the 

minimum and maximum possible values [0 and 

255 for RGB images]. In order to strengthen the 

model in real field conditions—such as 

variations in lighting, orientation, and leaf 

scale—data augmentation techniques were 

applied with the parameters summarized in 

Table 2. 
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Box 2 

Table 2 

Image preprocessing techniques used 

 
Technique     Parameter/Range 

Random rotation -25° < 0 < 25° 

Horizontal reflection p = 0.5 

Random zoom 0.9 – 1.1 

Displacement  < 10% of image width/height 

 

2. Transfer learning: The MobileNetV3 

model was implemented in its Small and 

Large variants, previously trained with 

the ImageNet dataset. Based on this 

architecture, a transfer learning process 

was carried out with partial fine-tuning, 

freezing the last layers and adjusting the 

remaining layers of the bottleneck and 

the classifier. 

 

3. Metrics: The model's performance was 

evaluated using the metrics accuracy, 

precision, recall, and F1-score, defined in 

equations [2]–[5]: 

 

Accuracy =
𝑇𝑃 + 𝑇𝑁

𝑇𝑃 + 𝑇𝑁 + 𝐹𝑃 + 𝐹𝑁
       [2] 

Precision =
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
                               [3] 

Recall =
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
                                    [4] 

𝐹1 = 2 ×
Precision × Recall

Precision + Recall
                  [5] 

 

where TP, TN, FP, and FN correspond to 

true positives, true negatives, false positives, and 

false negatives, respectively [Yan, 2024]. 

 

Mobile device optimization 
 

- Conversion to TFLite: export the model 

to TensorFlow SavedModel and convert 

it to .tflite. 

- Device evaluation: measure latency 

[image inference], memory usage, and 

power consumption on a representative 

Android phone. Tools such as the 

Android Studio profiler help with these 

measurements. 
 

Application architecture [Kotlin/Android] 
 

Main Components 
 

1. UI [Kotlin + Jetpack Compose]: 

screenshot display, image gallery, 

prediction history, and tab with 

agronomic recommendations. 

2. Camera Layer: Use CameraX to capture 

images in real time and obtain bitmaps 

ready for preprocessing. 

3. Inference Module: Kotlin class that loads 

the .tflite model with TensorFlow Lite 

Interpreter, performs preprocessing 

[resize, normalization], executes 

inference, and post-processes results. 

4. Storage: Room or preferences for saving 

diagnostic history and user settings. 

5. Example [flow chart]: 

 

User opens app → selects “Capture” → 

CameraX takes image → preprocessing → 

tflite.Interpreter.run[] → result [probabilities per 

class] → display label and confidence measures 

→ save/send option. 

 

Results 

 

Preliminary results obtained with the 

MobileNetV3 architecture show significant 

performance in the classification of leaf diseases. 

It is important to note that the quality and 

conditions of image capture have a significant 

impact on model performance, especially in 

classes that present mild symptoms or are under 

non-uniform lighting conditions. 

 

Figure 1 shows the accuracy [a] and loss 

[b] curves corresponding to the training and 

validation phases of the model. 
 

Box 3 
 

 
[a] 

 
[b] 

Figure 1 

Accuracy and loss curves over time for 

MobileNetV3. [a] Training and validation 

accuracy [b] Training and validation loss. 
Source: Own elaboration 
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During the training process, 

MobileNetV3 achieved an accuracy of 82% on 

the validation set. The model also obtained 

precision values of 91%, recall of 94%, and an 

F1 score of 86%, demonstrating an adequate 

balance between sensitivity and accuracy in 

predictions. 

 

Figure 2 shows the most frequent 

classification errors, highlighting greater 

confusion in the leaf scorch class, followed by 

angular leaf scorch. These results are consistent 

with those presented in Table 3, where 

MobileNetV3-Small exhibits greater variability 

in performance between classes. In particular, 

angular leaf scorch recorded the lowest F1-score 

[84%], possibly due to its high visual similarity 

to other diseases and the model's limited ability 

to represent subtle features. 

 

Box 4 

 

 
Figure 2 

MobileNetV3 confusion matrix: where 0: 

Angular leaf scorch, 1: Powdery mildew, 2: 

Blossom Blight, 3: Healthy, 4: Leaf scorch  
Source: Own elaboration. 

 

Box 5 

Table 3 

Results by class for MobileNetV3 

 
Class Precision Recall F1-Score 

Angular 

Leaf Scorch 

90% 93% 85% 

Powdery 

Mildew 

92% 94% 87% 

Blossom 

Blight 

93% 96% 88% 

Healthy 89% 86% 86% 

 

In summary, the results reflect the 

intrinsic properties of the MobileNetV3 

architecture, which is optimized for 

computational efficiency but may sacrifice 

accuracy in classes with similar visual features.  

Table 4 summarizes the overall averages 

for precision, recall, and F1-score, providing an 

overview of the model's performance on the 

validation set. 

 

Box 6 

Table 4 

MobileNetV3 overall results 

 
Accuracy Precision Recall F1-Score 

82% 91% 94% 86% 

Source: Own elaboration 

 

On the other hand, to illustrate the 

practical integration of the model in the 

developed mobile application, Figure 3 shows 

the main interfaces of the inference module. [a] 

shows the image selection screen from the 

device's gallery or camera; [b] shows the 

preview of the selected image, allowing 

verification of its correct capture; and [c] shows 

the inference result generated by the 

MobileNetV3 model, indicating the predicted 

class. These screenshots demonstrate the 

functional implementation of the model within a 

mobile environment, proving its applicability in 

the field and the viability of a portable diagnostic 

system based on deep learning. 

 

Box 7 
 

 
[a]                     [b]                             [c] 

Figure 3 
Screenshots of the application. [a] Image selection [b] 

Display of the selected image [c] Inference result 
      Source: Own elaboration 

 

Discussion 
 

Practical and ethical considerations 

 

- Lighting conditions and angle affect 

accuracy: instruct the user to capture 

clear, close-up images [but not saturated 

ones]. 

https://doi.org/10.35429/JITC.2025.9.20.2.1.4
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- Privacy and data: if images are 

uploaded to the cloud for retraining, 

obtain consent and comply with data 

regulations. 

- Robustness: validate the model using 

images taken in the field [not just in the 

laboratory] and consider error mining to 

improve confused classes. Recent studies 

show the benefits of adapting 

MobileNetV3 with augmentation 

techniques and optimizations for specific 

crops [Liu et al., 2023]. 

 

MobileNetV3 offers a good 

accuracy/latency ratio; however, the quality of 

the strawberry dataset and labeling are critical. 

Future improvements include segmentation 

models to locate lesions [rather than just classify 

them] and federated or hybrid pipelines [on-

device + server] to balance privacy and 

continuous model improvement. Recent 

implementations of mobile applications for other 

species [potatoes, tomatoes, tea] support the 

technical feasibility of the proposed solution 

[Pineda, 2024]. 

 

Limitations 

 

Although the results are promising, generalizing 

to different strawberry varieties or 

environmental conditions requires expanding 

the dataset and exploring federated learning 

techniques. 

 

Conclusions 

 

Developing an Android application in Kotlin 

that incorporates MobileNetV3 and TensorFlow 

Lite is a feasible and effective solution for early 

detection of diseases in strawberry plants. With 

a pipeline that includes fine-tuning and device 

testing, a practical support tool for producers can 

be achieved with adequate latencies for field use. 

 

Summary of gaps identified in recent 

literature: 

 

1. Real-world strawberry datasets with 

robust annotations remain limited; 

 

2. There is a lack of comparative studies 

quantifying the accuracy/latency trade-

off on specific mid-range mobile devices 

for MobileNetV3 vs. alternatives [e.g., 

EfficientNet-lite, distilled models]; 

 

3. More work is needed on field validation 

and evaluation protocols 

[temporal/spatial splits, agricultural risk-

oriented metrics]. These gaps justify a 

study that provides: a field dataset for 

strawberries, a comparison of 

optimizations 

[quantization/pruning/distillation], and 

evaluation on real devices using a 

Kotlin/Jetpack Compose app with on-

device inference. 

 

Overall, the results validate the 

feasibility of integrating lightweight deep 

learning into agricultural mobile applications, 

bringing artificial intelligence closer to 

producers. 
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Abstract 
 

In government agencies, there are opportunities to implement 

technological solutions to improve processes and services.  For example, 

the technical support and network interoperability department within the 

healthcare sector faces challenges in managing and administering 

computer equipment, leading to gradual and continuous deterioration of 

the devices assigned to various user groups. This occurs due to the lack 

of a platform for providing instant and effective support for malfunctions 

or unexpected issues that arise with the computer systems. A web 

application with a database that aggregates support requests and manages 

information based on urgency and relevance, developed using the 

Express.js/Node.js framework, HTML5, and Microsoft SQL Server, 

would significantly improve customer service. 

Technology Management, Administration, Maintenance 

Resumen 

 
En dependencias de gobierno, existen áreas de oportunidad para aplicar 

soluciones tecnológicas en pro de mejorar sus procesos y servicios, como 

el departamento de soporte técnico e interoperabilidad de redes dentro 

del sector salud, el cual enfrenta retos de gestión y administración de los 

equipos de cómputo, causando deterioro gradual y continuo en los 

dispositivos asignados a los distintos tipos de usuarios. Esto por la falta de una 

plataforma para responder de manera instantánea y eficaz sobre las averías o 
situaciones que emergen de manera inesperada en los equipos informáticos. 

Con una base de datos manipulada desde una aplicación web que agrupe las 

solicitudes y gestione la información de acuerdo con los tiempos y relevancia, 

mediante el uso del framework express.JS node.JS, HTML5 y Microsoft SQL 

server, generara un mejor servicio de atención.  
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Introduction 

 

Regardless of their line of business, companies 

are made up of equipment or assets that enable 

them to function properly in the processes they 

carry out. Depending on the preventive and 

corrective maintenance applied, efficient 

management is important to avoid high costs of 

asset replacement or equipment breakdowns that 

could have been addressed in time  [Romeira, 

Moura, & Santos, 2020]. 

 

Created in the mid-20th century, 

computers and information technology have 

undergone rapid development, to the point of 

becoming an integral part of our daily lives.  

 

Complex systems using information 

technology cover numerous activities in sectors 

such as industry, finance, science and medicine. 

In these systems, different companies with 

similar characteristics and activities are 

integrated into a corporate information system 

with the aim of optimising their operations 

[Giridharan, Nivedha, & Vinothini, 2021]. 

 

Preventive maintenance is often a tool 

they use to address the problem of rising repair 

costs. However, they face the challenge of how 

to implement preventive maintenance strategies 

in complex operating environments [Dong-dong, 

Kangzhou, & Zhifeng, 2024]. 

 

When major repairs are carried out, users 

tend to opt for safer, quieter and more 

comfortable locations, which is not usually the 

case with an engineering project undergoing 

renovation, which often presents risks and 

inconveniences [Barros Costa & Balduino, 

2019]. In this regard, it is essential to be prepared 

for any unforeseen events that may arise. 

Concern for quality is not a recent development, 

and the quality of services is fundamental to 

good performance and success. 

 

Inadequate maintenance strategies can 

reduce total production capacity by between 5% 

and 20% [Chris, C; Satish, D;, 2017]. Similarly, 

it is estimated that maintenance in industry can 

increase asset availability by between 5% and 

15% and reduce maintenance costs by between 

18% and 25%. Continuous or repeated 

monitoring of structural responses may add 

important information for decision-making 

regarding their maintenance, repair and 

reinforcement [Futai, M. M., Bittencourt, T. N., 

Carvalho, H., & Ribeiro, D. M. [2022].  

The main use cases for modern 

technologies in industry are related to 

maintenance, specifically predictive 

maintenance and quality inspection. Even 

though we live in a modern society, information 

and communication technologies have a wide-

ranging influence on social spheres, producing 

constant interaction in both directions between 

technology and society. Technology is neither 

positive nor negative; it is impartial. This 

relationship leads to new approaches and 

situations [Tota, Pereira, & Curiel, 2020]. 

 

ICT can play a key role in increasing 

human resource productivity, especially 

computer and internet applications, as they offer 

a more efficient and convenient alternative to 

doing everything by hand with paper and pen 

[Motta, Moreno, & Borrastero, 2017].  However, 

there are still some users who are reluctant to use 

more modern technologies, as they fail to 

understand that having the right tools can mean 

an improvement in human resource efficiency, 

thanks to the fact that it provides a better tool for 

performing their duties using the network. 

 

An important aspect of the new 

technologies that are constantly emerging is 

digitisation, with the aim of ensuring that all 

information can be transmitted in images, 

sounds or texts and represented in a standard 

format for easier accessibility by anyone who 

requires such information. 

 

Problem statement 

 

Currently, the health sector lacks adequate 

information systems to manage and monitor its 

computational resources in the area of IT 

technical support, causing the current equipment 

to malfunction constantly, with its age being an 

important factor. Asynchronous communication 

plays an important role through the use of emails, 

as these allow personalised information to be 

sent and received. 

 

The fundamental problem lies in the 

fragmentation of processes, as each department 

develops its own methods for reporting faults, 

ranging from a simple phone call to written notes. 

As for requests for repair or maintenance of 

computer equipment, there are platforms with 

user-unfriendly interfaces, and instead of 

reporting any issues via email, they decide to do 

so verbally, resulting in no record of priorities. 

 

https://doi.org/10.35429/JITC.2025.9.20.3.1.6
https://www.sciencegate.app/document/10.1088/1742-6596/1717/1/012045
https://doi.org/10.1080/00207543.2024.2377691
https://doi.org/10.1080/00207543.2024.2377691
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 If problems are not tracked for 

resolution, they remain in inboxes full of non-

priority emails, affecting the integrity of 

computer equipment and, in turn, affecting 

employee performance by not having access to 

equipment in good condition or, failing that, 

delaying it by providing urgent corrective 

maintenance to their equipment at times that are 

not recommended. In addition to the personal 

data of beneficiaries, financial information is 

handled in government procedures, so greater 

care must be taken in the handling of software or 

computer equipment. 

For a more in-depth analysis of the 

problems that exist, a survey was designed and 

implemented among users from various 

departments to assess their perception of the 

efficiency of preventive and corrective 

maintenance services for technological 

equipment. The survey found that 50% of users 

highlighted considerably slow response and 

service times, mainly pointing to the lack of a 

platform to manage requests, as well as the need 

for better communication and timely 

maintenance. 

 

 According to users, there is no easy way 

to report faults, as most consider the current 

method to be inadequate and a barrier to 

requesting support. They find the process 

inefficient and point to the need to implement a 

simpler and more intuitive system. Figure 1. 

 

Box 1 

 

 
Figure 1 

User feedback on how to report faults. 
   Source: Own elaboration  

 

On the other hand, they point out that 

response times are critical, with most reporting 

that they have to wait two days or more just to 

contact the support department, showing a lack 

of understanding due to a failure to prioritise, 

which affects the care provided to beneficiaries.  

Due to a lack of adequate equipment in 

optimal condition, the care provided in terms of 

appointments, registrations and consultations is 

affected [Figure 2]. 

 

Box 2 

 

 
Figure 2 

Response times to requests 
   Source: Own elaboration  

 

Methodology 

 

Once the theoretical and technological 

background relevant to the development had 

been analysed, as well as similar existing 

platforms, the objectives, functional and non-

functional requirements, and the technologies 

and tools required to execute the project were 

established.  

 

Subsequently, the testing phase is 

detailed, where the proper functioning of the 

application will be verified, detecting and 

solving possible failures or inconsistencies to 

ensure its quality. The development of the 

website began with the needs assessment stage 

by members of the systems department, where 

concepts about existing problems were listed to 

obtain the basis for the functionality of the 

website. [Figure 3]. 

 

Box 3 
 

 
Figure 3 

Methodology for computational development  
     Source: Mora [2002], Own elaboration. 
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Once the general layout had been 

determined, the required interactive components 

were incorporated, such as buttons, forms, drop-

down menus, links and multimedia content, 

prioritising ease of use and user experience. 

With regard to the aesthetic design, CSS was 

used to establish the graphic style of the page, 

and colour ranges, fonts and visual styles were 

carefully chosen so that the design would not 

only align with the identity of the project, but 

also project professionalism and modernity. 

 

With a solid foundation in place for the 

page design, the development phase continued, 

using Visual Studio as the main code editor, 

taking advantage of its integrated tools and 

robustness using HTML 5 and JavaScript, as 

well as its adaptability and compatibility to build 

dynamic web interfaces. 

 

For data management, SQL Server was 

implemented due to its ability to handle large 

volumes of information and its effective 

integration with other development 

environments, thanks to its great versatility and 

functionalities.  

 

JavaScript was also used in the backend, 

which made it possible to give authentic 

functionality to the page components, manage 

events, and execute operations such as 

validations, data sending, and server response 

management. This cohesion between the 

selected technologies allowed for seamless 

integration between the interface, business logic, 

and database. 

 

Results 

 

An intuitive and user-friendly interface was 

designd that allows access to the application's 

services depending on the access role, where 

each one has specific functions. Figure 4. 

 

Box 4 
 

 
Figure 4 

Start interface  

     Source: Own elaboration. 

The website interface allows users to 

generate an email to report faults, where they 

must enter their department, indicate which 

administrator the fault will be reported to, and 

the type of fault in question. To make it easier 

for users to provide this information, there are 

selectors with predefined information. If there is 

a fault that is not in the selection, there is a text 

area available to specify the problem in detail 

[Figure 5].  

 

Box 5 
 

 
Figure 5 

Report generator  
     Source: Own elaboration. 

 

By assigning a unique ID to each user, 

staff could manage reports more efficiently, 

reducing waiting times and optimising the 

experience. A more comprehensive study is 

required to analyse these options and evaluate 

their benefits[Farida, Husain , & Ahmed, 2023]. 

 

The website interface allows users to 

generate an email to report faults, in which they 

must enter their department, the administrator to 

whom they will report the fault, and the type of 

fault in question. To make it easier for users to 

provide this information, there are selectors with 

predefined information.  

 

If there is a fault that is not in the 

selection, a text area is available to specify the 

problem in detail [Figure 5] and view the service 

log [Figure 6]. 

 

Box 6 
 

 
Figure 6 

Service log 
     Source: Own elaboration. 

https://doi.org/10.35429/JITC.2025.9.20.3.1.6
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Conclusions  

 

Thanks to the implementation of the web 

application in the technical support and network 

interoperability department, there has been an 

increase in efficiency and operability in the 

management of corrective and preventive 

maintenance of the health institution's computer 

infrastructure, as well as improved management 

in the registration of requests and follow-up of 

technical support services, fulfilling the 

activities requested by office staff with 

equipment failures in a timely manner. 

 

The email report generator implemented 

in the proposed platform represents a 90% 

reduction in the time it takes for a user to report 

a problem with their equipment, thus enabling a 

rapid response from technical support staff. 

 

Thanks to the ticket management module, 

technology infrastructure support technicians 

have real-time access to detailed information 

about problems reported by users, thus reducing 

response times and evenly distributing the 

workload among employees. 

 

 It also reduced the time required for 

technicians to prepare reports on the services 

they provided, thus offering timely information 

to the head of the systems department to make 

the best decisions on the procurement of work 

materials. Inventory management improved 

substantially, as Excel spreadsheets were no 

longer used as a tool for recording, monitoring, 

and supervising the institution's computer 

equipment and peripherals. 

 

The implementation of this application 

supported response times by automating and 

optimising processes, where the response time to 

user requests exceeded 24 hours. With the 

implementation of this platform, service 

improved considerably [Table 1]. 

 

Box 7 

Table 1 
Comparison of response time according to users, previous 
situation vs current situation with the platform  

Response Time 
Previous 

situation 

Current 

situation 

Fast half a day 17% of users 70% of users 

Moderate less than 24 

hours 
33% 25% 

Slow for more than 1 

day 
50% 5% 
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Abstract                  

 
Institutional communication constitutes a strategic axis for educational management in 

technological higher education institutions. This study addresses the problem of 

insufficient and ineffective communication channels at the Technological Institute of 

Lázaro Cárdenas [ITLAC], which generate administrative delays, information duplication, 

and low community participation. Through qualitative case study research, a participatory 

diagnosis was conducted using semi-structured interviews, open questionnaires, and 

participant observation with an intentional sample of 50 educational actors [teachers, 

administrators, students, parents, and community representatives]. Findings reveal that 

67% of teachers present limited use of digital technologies, 72% perceived disconnection 

with local actors, and absence of integrated academic management systems. In response, 

a management model based on collaborative digital platforms was designed and 

implemented to centralize institutional information, optimize administrative processes, 

and promote co-responsible participation. Results demonstrate significant improvements 

in communicative efficiency, organizational transparency, and community cohesion, 

constituting a replicable model for institutions of the National Technological Institute of 

Mexico. 

Institutional Communication, Digital Transformation, 

Collaborative Digital Platforms 

Resumen 
 
La comunicación institucional constituye un eje estratégico para la gestión educativa en 

instituciones de educación superior tecnológica. El presente estudio aborda la 

problemática de canales de comunicación insuficientes e ineficaces en el Instituto 

Tecnológico de Lázaro Cárdenas [ITLAC], que generan retrasos administrativos, 

duplicidad de información y baja participación comunitaria. Mediante una investigación 

cualitativa de tipo estudio de caso, se realizó un diagnóstico participativo utilizando 

entrevistas semiestructuradas, cuestionarios abiertos y observación participante con una 

muestra intencional de 50 actores educativos [docentes, directivos, estudiantes, padres de 

familia y representantes comunitarios]. Los hallazgos revelan que el 67% de los docentes 

presentan uso limitado de tecnologías digitales, 72% de desconexión percibida con actores 

locales, y ausencia de sistemas integrados de gestión académica. Como respuesta, se 

diseñó e implementó un modelo de gestión basado en plataformas digitales colaborativas 

que centraliza la información institucional, optimiza procesos administrativos y promueve 

la participación corresponsable. Los resultados demuestran mejoras significativas en 
eficiencia comunicativa, transparencia organizacional y cohesión comunitaria, constituyendo un 

modelo replicable para instituciones del Tecnológico Nacional de México. 

Comunicación Institucional, Transformación Digital, 

Plataformas Digitales Colaborativas.  
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Introduction 

 

Institutional communication in higher education 

institutions [HEIs] is a determining factor for 

organisational efficiency, community cohesion 

and educational quality. In the context of 

Mexican technological universities, where 

professional training is linked to regional 

industrial and social development, 

communication systems must respond to 

demands for immediacy, accessibility, and 

bidirectionality [García-Aretio, 2021; Rama & 

Cevallos, 2020]. 
 

The Lázaro Cárdenas Technological 

Institute [ITLAC], part of the National 

Technological Institute of Mexico [TecNM], has 

experienced significant growth in student 

enrolment and diversification of academic 

programmes over the last decade. However, this 

growth has revealed critical limitations in its 

institutional communication systems, 

characterised by a dependence on traditional 

channels [printed circulars, sporadic emails, 

notices on physical noticeboards] that are 

insufficient to meet the contemporary demands 

of educational management [Castells, 2010; 

UNESCO, 2021]. 
 

Scientific literature documents that 

deficiencies in institutional communication 

generate multidimensional consequences in 

educational organisations. According to Teh et 

al. [2023], the lack of integrated digital systems 

in public universities leads to information 

fragmentation, reduced institutional 

commitment, and decreased effectiveness of 

administrative processes. Similarly, Kumar and 

Singh [2022] identify that institutions with one-

way communication have significantly lower 

rates of student satisfaction and community 

participation compared to those that implement 

two-way collaborative platforms. 
 

At ITLAC, the institutional diagnosis 

reveals specific problems: 
 

a] Delays in the dissemination of critical 

information: Response times for administrative 

and academic communications range from 48 to 

72 hours, generating negative impacts on the 

planning of teaching and student activities. 
 

b] Duplication and contradiction of messages: 

The absence of a centralised information 

management system generates multiple versions 

of documents and announcements, causing 

confusion in the educational community. 

c] Limited participation in institutional 

processes: Only 23% of teachers and 15% of 

students report active participation in 

management committees, partly attributable to 

the lack of effective channels for convening and 

follow-up. 

 

d] Disconnection from community actors: Links 

with parents, civil organisations and the 

productive sector are sporadic and reactive, 

limiting opportunities for strategic collaboration. 
 

These findings are consistent with 

previous research in Latin American contexts. 

Rodríguez and López [2021] document that 68% 

of technological institutes in Mexico face similar 

challenges in communication management, 

while Martínez et al. [2023] identify institutional 

resistance to digital transformation as a 

significant barrier to the modernisation of 

information systems in public higher education. 

From this perspective, effective communication 

is not measured by the volume of information 

disseminated but by the quality of relationships 

built, the degree of mutual understanding 

achieved, and the capacity to mobilise towards 

shared goals. In the Latin American context, 

recent studies [Ospina-Delgado & Zorio-Grima, 

2023; Joia & Braido, 2024] have documented 

that higher education institutions face particular 

challenges related to limited digital 

infrastructure, heterogeneity in technological 

skills, and the need for models adapted to 

restrictive budgetary realities. 
 

The relevance of this research is based on 

multiple dimensions: 
 

Academic relevance: There is a 

significant gap in the literature on the 

implementation of collaborative digital 

platforms specifically designed for Mexican 

public technological institutions. While 

international studies [Chen & Zhang, 2022; 

Thompson et al., 2023] document successful 

cases in private universities in developed 

countries, the transferability of these models to 

contexts with limited resources and distinct 

cultural characteristics remains largely 

unexplored. 
 

Institutional impact: Effective 

communication is a critical enabler for other 

educational improvement processes. Fullan 

[2020] argues that pedagogical, curricular, and 

technological innovations require robust 

communication systems for their successful 

implementation and sustainability. 

https://doi.org/10.35429/JITC.2025.9.20.4.1.12


3 

Journal of Information Technologies and Communications                   9[20]1-12: e4920112 

Article 
 

 ISSN: 2531-2200. 
RENIECYT: 1702902 

ECORFAN® All rights reserved. 

 

Vázquez-Pantaleon, Fco. Javier, Nava-Fombona, Gabriel, Rivera-Peñaloza, María 

Guadalupe and Caballero-Garibo, Leonardo. [2025].  Collaborative digital 

platforms to strengthen institutional communication in technological higher 

education: Case of Instituto Tecnológico de Lázaro Cárdenas. Journal of 

Information Technologies and Communications. 9[20]1-12: e4920112 

https://doi.org/10.35429/JITC.2025.9.20.4.1.12 

Social relevance: Strengthening 

university-community links, facilitated by better 

communication systems, contributes to the 

fulfilment of the third university mission [social 

responsibility] and enhances the regional impact 

of HEIs [OECD, 2019; World Bank, 2021]. 

 

Technological dimension: The adoption 

of collaborative digital platforms represents an 

opportunity to reduce institutional digital divides 

and prepare the educational community for work 

environments increasingly mediated by 

information and communication technologies 

[Cabero-Almenara et al., 2021]. 

 

Therefore, institutional communication 

at the Lázaro Cárdenas Technological Institute 

must be strengthened through the design, 

implementation, and evaluation of a 

management model based on collaborative 

digital platforms that optimise academic, 

administrative, and community interaction 

processes. 

 

Methodology 

 

This research adopts a qualitative approach of an 

instrumental case study [Stake, 2020], where 

ITLAC constitutes the particular case that allows 

for understanding broader phenomena related to 

institutional communication and digital 

transformation in Mexican public technological 

higher education. 

 

The methodological design is structured 

in four sequential and iterative phases: 

 

Phase 1 - Participatory diagnosis [3 

months]: Characterisation of the current state of 

institutional communication through 

triangulation of qualitative techniques. 

 

Phase 2 - Collaborative design [2 

months]: Development of a digital management 

proposal through participatory workshops with 

key actors. 

 

Phase 3 - Staggered implementation [4 

months]: Progressive deployment of digital 

platforms with continuous technical and 

pedagogical support. 

 

Phase 4 - Formative evaluation [2 

months]: Assessment of impacts and 

adjustments for improvement through analysis 

of perceptions and usage metrics. 

 

The research is based on the interpretive-

constructivist paradigm, which recognises 

educational reality as socially constructed and 

interpreted in multiple ways by actors with 

diverse positions [Creswell & Poth, 2021].  

 

From this perspective, the knowledge 

generated does not aspire to generalised 

universality but rather to deep contextualised 

understanding and analytical transferability 

[Lincoln & Guba, 1985]. A recent systematic 

review of barriers to digital transformation in 

higher education [Soomro et al., 2023] classifies 

obstacles into five categories: technical, 

organisational, financial, human, and cultural, 

highlighting that human barriers [attitudes, skills, 

willingness to change] are the most difficult to 

overcome, but also the most decisive for success. 

 

Costa et al. [2023] complement this 

perspective by pointing out that Latin American 

institutions face additional challenges related to 

inconsistent technological infrastructure and 

chronic budget constraints. The epistemological 

stance taken recognises the researcher as an 

active participant in the construction of 

knowledge, exercising critical reflexivity on 

their own assumptions and potential biases 

[Holmes, 2020].  

 

This reflexivity was operationalised 

through an analytical field diary documenting 

methodological decisions, ethical dilemmas, and 

the evolution of research thinking. 

 

ITLAC is located in Lázaro Cárdenas, 

Michoacán, a coastal municipality with a steel 

and port industry. The institution serves 

approximately 2,300 students in seven 

engineering degree programmes and two 

bachelor's degree programmes. 

 

The socioeconomic profile of the student 

body is characterised by a majority [78%] from 

low and lower-middle income strata, with 43% 

being the first generation in their families to 

attend university. 

  

This characterisation is relevant for 

understanding specific challenges of 

technological access and initial digital skills. 

 

Participants were selected using a 

criterion-based purposive sampling strategy 

[Palinkas et al., 2015], seeking to maximise 

diversity of perspectives and institutional roles.  
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The inclusion criteria were: 

 

- Minimum of one year's seniority at the 

institution [to ensure a sound 

understanding of communication 

dynamics]. 

- Availability to participate in multiple 

data collection sessions. 

- Representativeness of different academic 

and administrative areas. 

 

The final sample included 50 participants 

distributed as shown in Table 1. 

 

Box 1 

Table 1 

Distribution of participants by group and 

collection technique. 

 

Group of 

stakeholders 
Entrevistas 

semiestructurad

as 

Cuestionari

os abiertos 

Observació

n 

participant

e 

Tota

l 

Teachers 12 18 15 25 

Managers 5 - 5 5 

Students - 10 8 10 

Administrati
ve staff 

3 4 3 5 

Parents - 3 2 3 

Community 
representativ
es 

2 - - 2 

Total 22 35 33 50 
 

Note: Some participants were included in multiple data 

collection techniques for triangulation. 

Source: Own elaboration  

 

An interview guide was designed with 24 

questions organised into five dimensions: [a] 

current communication practices, [b] 

perceptions of communication effectiveness, [c] 

experiences with digital technologies, [d] 

expectations for potential improvements, and [e] 

willingness to embrace technological change. 

 

The interviews lasted an average of 52 

minutes, were audio-recorded with informed 

consent, and transcribed verbatim for analysis. A 

theoretical saturation protocol was applied, 

continuing data collection until new interviews 

did not contribute additional emerging 

categories [Guest et al., 2020]. 

 

Two versions of the questionnaire were 

developed according to the profile of the 

participants. The version for teachers and 

administrators contained 15 open-ended 

questions about the specific communication 

needs of their roles.  

The version for students, parents, and the 

community contained 12 questions focused on 

access to information, participation in decisions, 

and expectations for engagement. 

 

The questionnaires were administered 

via Google forms, allowing for anonymous 

responses to increase sincerity. A response rate 

of 68% was obtained [35 out of 51 invitations]. 

 

Thirty-three observation sessions were 

conducted in different institutional contexts: 

academic meetings [8 sessions], technical 

council meetings [4 sessions], regular classes 

[12 sessions], engagement events [5 sessions], 

and informal interaction spaces [4 sessions]. 

 

The observation followed a structured 

protocol that recorded: [a] communication 

channels used, [b] information flows and 

directionality, [c] participants' responses and 

reactions, [d] observable communication 

problems or tensions, and [e] spontaneous use of 

digital technologies. Field notes were 

supplemented with photographs of 

communication materials [circulars, notices, 

presentations] when ethically permissible. 

 

The analysis followed the thematic 

coding methodology proposed by Braun and 

Clarke [2022], implemented in six phases: 

 

Phase 1 - Familiarisation: Complete 

reading of transcripts and field notes, noting 

initial impressions. 

 

Phase 2 - Initial coding: Assigning 

descriptive codes to significant segments of data, 

using ATLAS.ti v.9 software. 

 

Phase 3 - Theme generation: Grouping 

related codes into candidate themes that capture 

significant patterns. 

 

Phase 4 - Theme review: Verification of 

internal consistency of themes and clear 

distinction between themes, refining or merging 

as appropriate. 

 

Phase 5 - Theme definition: 

Development of precise definitions for each 

theme and determination of specific aspects that 

each captures. 

 

Phase 6 - Reporting: Construction of an 

analytical narrative with representative 

examples of data illustrating each theme. 
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Methodological triangulation 

[combination of interviews, questionnaires, and 

observation] and researcher triangulation [initial 

independent analysis by two researchers, 

followed by consensus] strengthened the 

credibility and reliability of the findings [Flick, 

2018]. 
 

The research was approved by the 

ITLAC Institutional Ethics Committee. The 

following ethical safeguards were applied: 
 

- Written informed consent from all 

participants, specifying voluntariness, 

the possibility of withdrawal without 

consequences, and the intended uses of 

the data. 

- Confidentiality through anonymisation 

of identities in reports and the use of 

codes to refer to participants. 

- Secure storage of data in an institutional 

repository with restricted access. 

- Feedback of preliminary findings to 

participants for communicative 

validation [member checking]. 

- Commitment to translate results into 

institutional actions that benefit the 

educational community. 
 

Results 
 

The findings are organised into three main 

thematic categories that emerged from the 

analysis: [1] Current state of institutional 

communication and its limitations, [2] 

Perceptions of technological needs and barriers, 

and [3] Enabling conditions for digital 

transformation. 
 

Current state of institutional communication 

and its limitations. 
 

Fragmentation of communication channels. The 

analysis revealed the existence of multiple 

communication channels operating 

simultaneously without clear integration or 

hierarchy. Teachers reported receiving 

institutional information through at least five 

different channels: institutional email [used by 

87% of teachers], informal WhatsApp groups 

[76%], printed circulars in lockers [45%], 

notices on departmental bulletin boards [34%], 

and oral communication in meetings [92%]. 

 

This multiplicity creates confusion about 

which channel constitutes the official source of 

information. A teacher in the engineering 

department explained: 

‘Sometimes I receive an email saying one 

thing, then on WhatsApp they tell me it has 

changed, and when I go to the meeting it turns 

out that neither version was correct. You don't 

know which information to pay attention to.’ 

[Teacher D-08, Interview]. 

 

Participant observation in academic 

meetings documented significant time [average 

18 minutes per 90-minute session] spent 

clarifying misunderstandings arising from 

contradictory information received through 

different channels. 

 

Unidirectional communication. The 

findings show a predominance of top-down 

communication [management→sub-

management→heads→teachers→students] with 

limited formal mechanisms for bottom-up 

feedback. Of the total number of participants, 

73% reported that their opinions or suggestions 

are ‘rarely or never’ requested by higher 

authorities, and 68% considered that there are no 

effective channels for expressing concerns or 

proposals. 

 

An administrator in the school services 

area stated: 

 

‘Here, everything comes from the top 

down. They tell us what to do and how to do it, 

but they never ask us what problems we see, 

even though we are in direct contact with the 

students every day.’ [Administrator A-03, 

Questionnaire]. 

 

This one-way communication has two 

identified negative consequences: [a] 

institutional decisions that are out of context and 

do not incorporate the practical knowledge of 

operational actors, and [b] demotivation and 

reduced institutional commitment due to the 

perception of exclusion from decision-making 

processes. 

 

Inadequate timing. 82% of teachers and 

91% of students reported that they often receive 

important information too late to plan adequately. 

Examples mentioned included: calls for 

activities 24-48 hours in advance, changes to 

academic calendars communicated days before 

they take effect, and assessment results delivered 

weeks after they were administered. 
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This inadequate timing negatively 

impacts institutional responsiveness and creates 

a perception of disorganisation. One student 

noted: 

 

‘They always tell us everything at the last 

minute. Then they complain that we don't 

participate, but how can we participate if we find 

out when the event is almost here?’ [Student E-

06, Questionnaire]. 

 

Disconnection from the external 

community. Parent representatives and 

community actors expressed a lack of 

knowledge about institutional activities and the 

absence of formal channels for participation. 

One hundred percent of the parents interviewed 

indicated that their communication with the 

institution is limited to addressing specific issues 

concerning their children [grades, disciplinary 

situations], but there is no proactive invitation to 

get involved in educational projects. 

 

A representative of a local business 

chamber commented: 

 

‘We know the Technological Institute is 

there, but it's as if it operates in a bubble.  

 

We need trained personnel, and they 

probably have students who could do internships 

with us, but there are no bridges of 

communication.’ [Representative C-02, 

Interview]. 

 

This disconnect represents a wasted 

opportunity for strategic engagement that could 

enrich student training and strengthen 

institutional social relevance. 

 

Perceptions of technological needs and 

barriers. 

 

Limited use of digital technologies. The 

assessment revealed that, although 94% of 

teachers and 100% of students have devices with 

internet access, the pedagogical and 

organisational use of digital technologies is 

limited and not very diversified. Table 2 shows 

the frequency of use of different digital tools 

reported by teachers. 

 

 

 

 

 

Box 2 

Table 2 

Frequency of use of digital tools by teachers 

[n=25] 
Digital tools Daily 

use 

Weekly 

usage 

Monthly 

usage 

I do 

not use 

Media 

Likert 

Email 18 

[72%] 
6 [24%] 1 [4%] 0 [0%] 4.68 

WhatsApp 21 

[84%] 
3 [12%] 1 [4%] 0 [0%] 4.80 

Word processor 15 

[60%] 
8 [32%] 2 [8%] 0 [0%] 4.52 

Digital 

presentations 
8 [32%] 12 [48%] 4 [16%] 1 [4%] 4.08 

LMS platforms 
3 [12%] 5 [20%] 7 [28%] 

10 

[40%] 
2.04 

Cloud-based 

collaborative tools 
2 [8%] 4 [16%] 6 [24%] 

13 

[52%] 
1.80 

Video 

conferencing 
4 [16%] 6 [24%] 8 [32%] 7 [28%] 2.28 

Institutional social 

networks 
1 [4%] 2 [8%] 3 [12%] 

19 

[76%] 
1.40 

 

Note: Likert scale: 1=No use, 2=Monthly use, 3=Weekly 

use, 4=Daily use, 5=Multiple times a day use. 

Source: Own elaboration  
 

The data show a concentration on basic 

tools [email, WhatsApp, word processing] and 

underutilisation of more advanced collaborative 

technologies. This pattern is consistent with 

findings by García-Martínez et al. [2023] in 

similar Mexican technological institutions. 
 

Perceived barriers to technology adoption.  

 

Thematic analysis of interviews and 

questionnaires identified five main categories of 

perceived barriers: 

 

a) Competency barrier: 67% of teachers 

reported feeling insecure about their 

ability to use advanced digital 

technologies effectively. Expressions 

such as ‘I'm not good with technology,’ 

‘I have a hard time learning new things,’ 

and ‘I'm afraid of making mistakes in 

front of students who know more than I 

do’ were recurrent. 

b) Time barrier: 58% mentioned that 

learning to use new technologies requires 

time that they do not have, given their 

current workloads. One teacher 

explained: ‘It's not that I don't want to, 

it's just that between classes, tutorials, 

research projects and committees, I don't 

even have time to breathe.’ [Teacher D-

15]. This finding is consistent with 

research on cognitive load in digital 

learning environments [Zambrano et al., 

2024], which highlights the importance 

of designing training processes that 

minimise extrinsic cognitive demands. 
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c) Infrastructure barrier: 45% pointed to 

connectivity limitations [especially in 

classrooms and laboratories] and the 

availability of up-to-date equipment as 

material obstacles to technological 

integration. 

d) Perceived relevance barrier: 32% 

expressed scepticism about the added 

value of digital technologies, considering 

that ‘traditional methods have worked 

well for years’ and that ‘technology for 

technology's sake does not guarantee 

better learning.’ 

e) Institutional barrier: 41% indicated a 

perceived lack of institutional support, 

manifested in the absence of formal 

training, limited technical support, and 

unclear policies on the use of 

technologies. 

 

These barriers are consistent with 

predictions from the UTAUT2 model, 

particularly regarding the importance of 

facilitating conditions and effort expectancy. 

 

Training needs identified. When asked 

specifically about training needs, three main 

priorities emerged, presented in Table 3 

according to frequency of mention. 

 

Box 3 

Table 3 

Priority technological training needs 

Digital tool 
Daily 

use 

Weekly 

usage 

Monthly 

usage 

I do 

not use 

Media 

Likert 

Email 
18 

[72%] 
6 [24%] 1 [4%] 0 [0%] 4.68 

WhatsApp 
21 

[84%] 
3 [12%] 1 [4%] 0 [0%] 4.80 

Word processor 15 

[60%] 
8 [32%] 2 [8%] 0 [0%] 4.52 

Digital 

presentations 

8 

[32%] 
12 [48%] 4 [16%] 1 [4%] 4.08 

LMS platforms 3 

[12%] 
5 [20%] 7 [28%] 

10 

[40%] 
2.04 

Cloud-based 

collaborative 

tools 

2 [8%] 4 [16%] 6 [24%] 
13 

[52%] 
1.80 

Video 

conferencing 

4 

[16%] 
6 [24%] 8 [32%] 

7 

[28%] 
2.28 

Institutional 

social networks 
1 [4%] 2 [8%] 3 [12%] 

19 

[76%] 
1.40 

 

Note: Based on open-ended questionnaires and interviews. 
 

It is noteworthy that the most frequently 

mentioned needs relate to organisational and 

communication tools [collaborative and LMS] 

rather than discipline-specific pedagogical 

technologies, suggesting that the priority 

concerns are organisational management rather 

than teaching. 

Facilitating conditions for digital 

transformation. 

 

Favourable attitudes towards communication 

improvement. Despite the barriers identified, 

88% of participants expressed a favourable 

attitude towards initiatives that improve 

institutional communication. When asked about 

their willingness to participate in a project to 

implement collaborative digital platforms, 76% 

responded affirmatively and 18% indicated 

conditional willingness [depending on the time 

required and support provided]. 

 

This openness represents a critical 

facilitating condition, indicating that resistance 

to change, although present, is not an 

insurmountable obstacle if the legitimate 

concerns of stakeholders are properly managed. 

 

Positive previous experiences with 

technology. Sixty-three per cent of teachers 

reported having experienced tangible benefits 

from the use of technology at some point, 

especially during the emergency remote 

education period [2020-2021].  

 

Examples mentioned included: greater 

ease in sharing materials, the possibility of 

asynchronous feedback to students, and 

maintaining communication with groups despite 

physical absences. 

 

These previous experiences, although 

limited and reactive, constitute an experiential 

basis on which to build more systematic and 

intentional technological appropriation. 

 

Committed management leadership. 

Interviews with managers revealed an awareness 

of communication issues and a willingness to 

invest resources in improving them. The 

academic director stated: 

 

‘We know that our communication is not 

optimal. We have grown a lot in recent years and 

our systems have not grown at the same pace. 

We are willing to make significant changes, but 

we need well-founded proposals and support to 

implement them correctly.’ [Manager DI-01, 

Interview]. 

 

This management commitment is 

consistent with the literature on critical success 

factors in the implementation of technological 

innovations [Fullan, 2020]. 
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Existing basic technological capabilities. 

The institution has basic technological 

infrastructure that, although it needs to be 

updated, provides a minimum platform for 

implementation: fibre optic network in 

administrative and academic buildings [although 

with insufficient access points], institutional 

server with web application hosting capacity, 58 

computers in computer labs available for 

training, and institutional contract with cloud 

service provider [although underutilised]. 
 

Proposed management model based on 

collaborative digital platforms 
 

Based on diagnostic findings, a digital 

communication management model was 

designed that articulates four strategic 

components: 
 

Technological component: Integrated 

ecosystem of platforms. The adoption of three 

complementary and integrated platforms was 

proposed: 
 

a] Google Workspace for Education as the main 

platform for institutional communication and 

collaboration, selected for: [i] free availability 

for educational institutions, [ii] intuitive 

interface that reduces the learning curve, [iii] 

integration between applications [Gmail, 

Calendar, Drive, Docs, Meet], and [iv] multi-

platform accessibility [web, iOS, Android]. 
 

Specific functionalities implemented: 
 

- Unified institutional email for the entire 

educational community 

- Shared calendars for event and activity 

management 

- Shared team drives for organised 

repository of institutional documents 

- Google Classroom for teacher-student 

academic communication management 

- Google Sites for informational 

microsites for academic and 

administrative areas 
 

b] Moodle learning management system for 

specific pedagogical functions [course 

management, assessments, academic progress 

tracking], integrated with Google Workspace 

through single sign-on. Google Workspace for 

Education and Microsoft 365, whose adoption in 

educational institutions has been widely 

documented [Karaca et al., 2021]. The selection 

of Moodle was based on robust evidence of its 

effectiveness in higher education institutions 

[Gamage et al., 2022; Mpungose, 2023] 

c] Platform for communication with the external 

community through a redesigned institutional 

website and active profiles on social networks 

[Facebook, Instagram, LinkedIn] with clear 

protocols for publication and response. 

 

Organisational component: Redesign of 

communication flows. Institutional protocols 

were established specifying: 

 

- Single official channels for each type of 

communication [eliminating confusing 

multiplicity] 

- Minimum advance notice for different 

types of information [15 days for general 

announcements, 7 days for specific 

academic activities, 48 hours for justified 

emergencies] 

- Designated communication managers for 

each area 

- Formal feedback mechanisms [digital 

mailboxes, periodic surveys, 

consultation forums] 

 

Training component: Differentiated 

training programme. A training programme was 

designed with three progressive levels: 

 

Level 1 - Basic digital literacy [8 hours]: 

Use of institutional email, cloud file 

management, shared calendar, basic 

videoconferencing. Aimed at the entire 

educational community. 
 

Level 2 - Intermediate collaborative 

skills [12 hours]: Co-editing documents, 

managing collaborative projects, pedagogical 

use of platforms. Aimed at teachers and 

administrative staff. 
 

Level 3 - Advanced management and 

digital leadership [16 hours]: Communication 

data analytics, digital strategy design, platform 

administration. Aimed at managers and 

coordinators. 
 

The training adopted a blended approach 

[initial face-to-face sessions + ongoing virtual 

support] with an emphasis on learning based on 

real institutional problems. 
 

Sustainability component: 

Institutionalisation mechanisms. To ensure 

sustainability beyond the initial project, the 

following were established: 
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- Permanent Digital Transformation 

Committee with representation from all 

areas. 

- Budget allocated for technological 

upgrades and ongoing training. 

- Formalised institutional policies on the 

use of digital technologies. 

- Recognition system for innovative users 

who develop best practices. 

- Annual cycle of evaluation and 

improvement of the digital ecosystem. 

 

Implementation followed a four-stage 

phased strategy over a four-month period 

[September-December 2024]: 

 

Stage 1 [Month 1]: Pilot implementation 

with a volunteer group of 15 teachers and 2 

administrative areas, collecting continuous 

feedback for adjustments. 

 

Stage 2 [Month 2]: Expansion to all 

teachers and administrative staff, with intensive 

training and daily technical support. 

 

Stage 3 [Month 3]: Incorporation of 

students through group information sessions and 

online video tutorials. 
 

Stage 4 [Month 4]: Integration of parents 

and community actors through presentation 

events and specific channels of participation. 
 

Preliminary impact data, collected 

through satisfaction questionnaires administered 

at the end of implementation [n=132 respondents: 

38 teachers, 47 students, 28 administrators, 12 

parents, 7 community representatives], show 

favourable perceptions summarised in Table 4. 

 

Box 4 

Table 4 

Percepciones sobre impacto de plataformas 

digitales colaborativas 
Digital tools 

Daily use 
Weekly 

usage 

Monthly 

usage 

I do not 

use 

Media 

Likert 

Email 18 [72%] 6 [24%] 1 [4%] 0 [0%] 4.68 

WhatsApp 21 [84%] 3 [12%] 1 [4%] 0 [0%] 4.80 

Word processor 15 [60%] 8 [32%] 2 [8%] 0 [0%] 4.52 

Digital 

presentations 
8 [32%] 12 [48%] 4 [16%] 1 [4%] 4.08 

LMS platforms 
3 [12%] 5 [20%] 7 [28%] 

10 

[40%] 
2.04 

Cloud-based 

collaborative tools 
2 [8%] 4 [16%] 6 [24%] 

13 

[52%] 
1.80 

Video 

conferencing 
4 [16%] 6 [24%] 8 [32%] 7 [28%] 2.28 

Institutional social 

networks 
1 [4%] 2 [8%] 3 [12%] 

19 

[76%] 
1.40 

 

Note: 5-point Likert scale [1=Strongly disagree, 5=Strongly 

agree]. n=132. Based on post-implementation questionnaires. 

Additionally, objective metrics on 

platform usage during the first month of full 

operation [December 2024 and January, 

February, March 2025] revealed: 

 

- 94% of teachers access their institutional 

account at least three times a week 

- 87% of students regularly use Google 

Classroom to interact with teachers 

- 156 institutional documents were 

migrated to a centralised repository and 

organised thematically 

- 23 institutional events were managed 

through shared calendars 

- The average response time to 

administrative queries was reduced from 

3.2 days to 1.1 days 

 

Conclusions 

 

This research addressed the problem of poor 

institutional communication at the Lázaro 

Cárdenas Institute of Technology through the 

design, implementation, and preliminary 

evaluation of a management model based on 

collaborative digital platforms. The main 

findings and contributions are summarised 

below: 

 

Systemic nature of communication 

problems: The deficiencies identified 

[fragmentation of channels, unidirectionality, 

inadequate timing, community disconnection] 

are not isolated problems but manifestations of 

the absence of an integrated communication 

governance system. Effective solutions require 

simultaneous intervention in technological, 

organisational and cultural dimensions. 

 

Feasibility of digital transformation in 

contexts of limited resources: The successful 

implementation of a digital ecosystem based on 

free tools [Google Workspace] and open source 

code [Moodle] demonstrates that meaningful 

digital transformation is possible in public 

institutions with restricted budgets, provided it is 

accompanied by adequate training and ongoing 

support. 

 

Centrality of enabling conditions: 

Consistent with the UTAUT2 model, the success 

of technology adoption depended critically on 

enabling conditions [training, technical support, 

committed leadership] rather than on the 

intrinsic characteristics of technologies. This 

underscores the importance of investing in the 

human dimension of digital transformations. 
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Potential of collaborative platforms for 

institutional democratisation: Although the 

evaluation period is short, preliminary data 

suggest that two-way digital platforms can 

facilitate greater participation by traditionally 

marginalised actors [students, administrative 

staff, external community] in institutional 

processes, contributing to more democratic 

governance. 

 

Need for longitudinal evaluation: Initial 

positive impacts require confirmation through 

medium- and long-term follow-up to determine 

the sustainability of changes, the depth of 

technological appropriation, and the translation 

into substantive improvements in educational 

quality. 

 

Practical implications. For technological 

higher education institutions facing similar 

communication challenges, this research 

suggests the following practical 

recommendations: 

 

a] Prioritise participatory diagnosis: Invest time 

in gaining a deep understanding of specific 

issues, differentiated needs, and existing 

enabling conditions before selecting and 

implementing technologies. 

 

b] Adopt an ecosystemic approach: Avoid 

fragmented implementation of isolated tools; 

design an integrated ecosystem where different 

platforms fulfil clearly defined complementary 

functions. 

 

c] Differentiated and continuous training: 

Recognise the heterogeneity of capacities and 

needs; design multi-level training programmes 

with an emphasis on practical support rather than 

abstract instruction. 

 

d] Phased implementation with pilot groups: 

Start with volunteer users, document lessons 

learned, adjust strategies, and expand 

progressively; avoid abrupt mass deployments 

that generate resistance. 

 

e] Institutionalisation from the outset: Establish 

permanent structures [committees, budgets, 

policies] for sustainability beyond initial 

enthusiasm or the presence of individual 

champions. 

 

Contribution to knowledge. This study 

contributes to three areas of knowledge: 

 

Theoretically: It enriches the understanding of 

digital transformation processes in public 

educational institutions in developing countries, 

a context that is underrepresented in the 

literature dominated by cases from developed 

countries. It documents the situated negotiation 

of barriers and enabling conditions, 

complementing abstract theoretical models with 

contextualised evidence. 

 

Methodologically: It demonstrates the value of 

participatory qualitative approaches for 

designing technological interventions that are 

sensitive to local needs and capacities, in 

contrast to technocentric approaches that impose 

standardised solutions. 

 

Practically: It provides a replicable and 

adaptable model for implementing collaborative 

digital platforms that other TecNM institutions 

can use as a reference, contributing to the 

systemic improvement of the Mexican 

technological subsystem. 
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Abstract   

 
Artificial intelligence is no longer just a trend; today, it is a reality 

integrated into all areas of our lives. In software development it has 

become a key ally, providing automation, intelligent assistance, and 

natural language-based content generation. Currently, there are 

numerous tools using this technology that contribute significantly to 

each stage of the software development lifecycle. This study presents 

a case study of the automatic prototyping of a website using the 

Framer tool. Additionally, it reveals a line of research in the use of 

intelligent solutions to make the software engineering process more 

efficient and effective.     

 

 
Prototyping, Applied research, Framer. 

 

Resumen 

 
La inteligencia artificial ha dejado de ser solo una tendencia, hoy es una 

realidad integrada en todas las áreas de nuestra vida. Particularmente, en 

el desarrollo de software se ha convertido en una aliada clave, aportando 

automatización, asistencia inteligente y generación de contenido basada 

en lenguaje natural. Actualmente, existen numerosas herramientas con 

esta tecnología que contribuyen particularmente en cada etapa del ciclo 

de vida del desarrollo de software. El presente estudio plantea una 

investigación exhibiendo un caso de estudio del prototipado automático 

de un sitio web utilizando la herramienta Framer. Adicionalmente, se 

revela una línea de investigación en el manejo de soluciones inteligentes 

para hacer más eficiente y eficaz el proceso de ingeniería de software.  

 

 
Prototipado, Investigación aplicada, Framer. 
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Introduction 

 

In the field of software development, CASE 

tools [Computer-Aided Software Engineering] 

have been fundamental in increasing 

productivity and improving the quality of 

computer systems. 

 

These tools automate various tasks 

throughout the software development lifecycle, 

from analysis and design to implementation and 

maintenance, allowing for reduced development 

costs and times. Furthermore, they facilitate the 

standardization of processes and proper 

documentation, which contributes to the creation 

of more robust and maintainable software 

[García Alcívar & Loor Navia, 2025]. The 

emergence of Artificial Intelligence [AI] has 

significantly transformed the software 

development lifecycle. 

 

AI allows for the automation of repetitive 

tasks, improves accuracy in estimations, and 

facilitates the analysis of complex data. This not 

only accelerates the development process but 

also frees up developers to focus on more 

strategic and creative aspects of the project. The 

integration of AI into CASE tools has led to 

smarter and more adaptive solutions, capable of 

learning and continuous improvement [Framer, 

2025]. 
 

Background 
 

In the field of web development, the importance 

of creating prototypes using new tools like 

Framer lies in the ability to visualize and test an 

application's functionality and usability before 

its full development.  
 

This enables the identification and 

correction of potential issues in the early stages 

of the project, thereby reducing costs and 

ensuring a better experience for the end-user. 

Furthermore, prototyping facilitates 

communication among the different team 

members and stakeholders, ensuring that 

everyone shares a common vision for the 

product to be developed [Framer, 2025]. 
 

Modern tools like Framer have 

revolutionized the prototyping process by 

offering advanced capabilities for creating high-

fidelity interactive prototypes. Framer allows 

designers to simulate user flows, test interactions, 

and validate concepts before moving on to the 

full development stage [Paradigma Digital, 

2023]. 

Furthermore, its integration with other 

design tools like Figma and its ability to add 

interactivity to imported designs make the 

design process even more fluid. 

 

One of Framer's standout features is its 

capability to utilize Artificial Intelligence [AI] in 

the web design and development process. This 

allows for the automation of part of the design 

work, automatically generating UI designs based 

on sketches or ideas, and optimizing website 

performance by adapting it to the characteristics 

of the user's device [Lapkin, 2025]. 

 

The use of interactive prototypes also 

strengthens collaboration between design and 

development teams. Framer allows teams to 

collaborate on a project in real time, sharing the 

canvas and working together to improve the 

project, which is beneficial for designers 

working remotely or in distributed teams 

[Recursos para emprendedores, 2025]. 

 

Furthermore, Framer offers a simple and 

friendly interface, yet powerful enough to create 

advanced responsive sites. Although it is not as 

powerful as other platforms, it provides 

everything needed to create Landing Pages, 

portfolios, blogs, and corporate websites 

[Recursos para emprendedores, 2025]. 

 

The implementation of interactive 

prototypes with tools like Framer not only 

optimizes the web development process but also 

ensures a better end-user experience, facilitates 

communication between different team 

members and stakeholders, and allows for more 

agile adaptation to the changing needs of the 

project. 

 

Framer has evolved significantly, 

incorporating tools driven by Artificial 

Intelligence [AI] that optimize the web design 

and development process. These functionalities 

allow for the automatic translation of websites, 

content rewriting to adapt it to the brand's tone, 

and maintaining stylistic consistency across 

multiple languages, facilitating the creation of 

multilingual sites without compromising brand 

identity [Framer, 2025]. 

 

Furthermore, Framer offers an intuitive 

interface based on a free canvas that allows 

designers to drag and drop elements, facilitating 

the creation of high-fidelity prototypes without 

the need for coding [ComparaSoftware, n.d.]. 

 

https://doi.org/10.35429/JITC.2025.9.20.5.1.9
https://doi.org/10.60100/rcmg.v6i1.586
https://www.framer.com/features/ai/
https://www.framer.com/features/ai/
https://www.framer.com/features/ai/
https://www.paradigmadigital.com/dev/framer-que-es-ventajas/
https://www.paradigmadigital.com/dev/framer-que-es-ventajas/
https://www.framer.com/blog/5-reasons-to-convince-your-clients-to-switch-to-framer/
https://recursosparaemprendedores.com/framer-que-es-ventajas-y-desventajas/
https://recursosparaemprendedores.com/framer-que-es-ventajas-y-desventajas/
https://www.framer.com/features/ai/
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These features, along with the ability to 

integrate real data into the prototypes, allow for 

the simulation of more realistic scenarios and 

improve the accuracy of concept validation 

[Topal, n.d.]. 

 

Real-time collaboration is another of 

Framer's standout advantages. Teams can work 

simultaneously on the same project, sharing the 

canvas and making adjustments together, which 

improves efficiency and ensures that everyone is 

aligned on the product vision. The 

implementation of interactive prototypes with 

tools like Framer not only optimizes the web 

development process but also ensures a better 

end-user experience, facilitates communication 

between different team members and 

stakeholders, and allows for more agile 

adaptation to the changing needs of the project. 

 

Methodology 
 

When planning and developing a case study, the 

research activity is structured into a series of 

fundamental phases, among which four stages 

are identified as especially decisive for the 

correct execution of the investigative process 

[Amaya Trujillo, González Almada & Luevanos 

Raymundo, 2022]. 

 

Selecting the Case Study: The selection 

of the case study is a crucial step in the research 

process. It is important to choose a case that is 

relevant to the research objectives and that 

provides valuable information. Special attention 

must be paid to the case's relevance and its 

ability to illustrate the concepts being 

investigated. Data Collection and Analysis: 

Once the case study has been selected, the next 

step is data collection. This may include the 

collection of quantitative and qualitative data 

through surveys, interviews, observations, or 

document review. Following collection, the data 

is analyzed using statistical or qualitative 

methods as needed. This analysis allows for the 

identification of patterns, trends, and 

relationships within the data. 

 

Data Interpretation: Data interpretation is 

a critical step that involves making sense of the 

results obtained. Here, the implications of the 

findings must be considered within the context 

of the case study and the research objectives. It 

is important to remain objective and consider 

different perspectives to avoid bias in the 

interpretation. 

Reporting the Findings: Finally, the 

findings must be reported clearly and concisely. 

This may include the preparation of a written 

report, presentations, or publications. It is 

essential that the findings be communicated in a 

way that is accessible and understandable to the 

target audience, highlighting the relevance and 

implications of the research. 

This research process provides a 

structured framework that helps researchers 

carry out studies effectively and contribute to the 

knowledge in their field. 

 

Box 1 
 

 
Figure 1 

Steps of the Case Study Method. 

      Source: Taken from [Amaya et al., 2022]. 

 

Results 

 

Below, each of the research phases is described: 

 

A. Selecting the Case Study 

 

The case study: 

 

Design of a web prototype using the Framer tool. 

 

Framer is a specialized tool for designing 

Graphical User Interfaces [UI] and User 

Experiences [UX]. It provides design and 

development professionals with the ability to 

build high-fidelity interactive prototypes, 

integrating dynamic behaviors and complex 

flows for advanced functional testing. 

 

One of Framer's main strengths lies in the 

integration of Artificial Intelligence within the 

web design and development workflow, making 

it possible to delegate certain operational tasks. 

This functionality helps optimize resources, 

significantly reducing both the time and effort 

invested in the process. 

https://doi.org/10.35429/JITC.2025.9.20.5.1.9
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Framer offers an experience that merges 

the simplicity of no-code tools with the 

capability of development tools. It is not 

restricted to a set of predefined templates and 

settings but rather provides users with the 

possibility of creating completely customized 

and detailed designs to achieve unique results.  

Figure 2 shows the advantages and 

disadvantages of Framer. 

 

Box 2 
 

Figure 2 

Advantages and Disadvantages of Framer. 

      Source: Taken from [NocodeHackers, 2025]. 

 

B. Data Collection and Analysis 

 

Once the case study has been defined, the data 

collection stage begins. 

 

The questionnaire is a widely used tool in 

quantitative research to collect structured data 

from a representative sample of the population 

[Suil, 2023; Hotjar, 2023]. 

 

It consists of a series of questions 

designed to measure specific variables, 

allowing for the statistical analysis of the 

responses. An effective questionnaire must be 

clear, concise, and aligned with the research 

objectives. The questions can be closed-ended 

or open-ended, depending on the type of 

desired type of information. It is essential to 

pilot the questionnaire before it applies to 

identify potential ambiguities or 

comprehension problems. 

 

The main advantages of the 

questionnaire include: 

 

- Efficiency: It allows for the collection of 

data from many people in a relatively 

short time [Suil, 2023; Hotjar, 2023]. 

- Standardization: By applying the same 

questions to all participants, the 

comparison and analysis of the data are 

facilitated. 

- Anonymity: It can encourage more 

honest responses, especially on sensitive 

topics. 

 

Despite its advantages, the questionnaire 

also presents some limitations: 

 

- Lack of Depth: It does not allow for 

detailed exploration of the reasons 

behind the responses. 

- Reliance on Participant Comprehension: 

If questions are not clearly formulated, 

they may be misinterpreted. 

- Response Rate: In some cases, the rate 

may be low, which affects the 

representativeness of the results. 

 

Figure 3 contains the questionnaire 

created with the objective of validating the 

functionalities of the web prototype. 

 

Box 3 
 

 
Figure 3 

Validation Questionnaire Guide: Prototyping in 

Framer. 

      Source: Author's own. 

https://doi.org/10.35429/JITC.2025.9.20.5.1.9
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C. Data Interpretation 

 

Table 1 presents the following analysis: 

- Most participants were male [83.3%], 

which could reflect a gender gap in 

technical fields such as software 

engineering. 

- The low participation of women [12.5%] 

suggests the need to promote greater 

diversity in future studies to avoid bias. 

- 4.2% did not specify a gender, which 

indicates possible limitations in the 

collection of demographic data. 

 

Box 4 
Table 1 
 

Gender Number of 

Participants 

Percentage [%] 

Male 20 83.3% 

Female 3 12.5% 

Not Specified 1 4.2% 

Total 24 100% 

 

 Source: Author's own. 

 

Table 2 exhibits the following information: 

 

- 75% of participants belonged to 

Computer Systems Engineering, which 

reinforces the technical validity of the 

results in software development contexts. 

- The scarce representation of other 

disciplines [only 8.3%] limits the 

generalizability of the findings for 

multidisciplinary teams [e.g., UX 

Designers]. 

- Future studies should include a more 

diverse sample to evaluate Framer's 

usability in non-technical profiles. 

 

Box 5 
Table 2 

Educational 

Program / Degree 

Number of 

Participants 

Percentage 

[%] 

Computer  

Systems 

Engineering [ISC] 

18 75% 

Software 

Technology 
Engineering [ITS] 

4 16.7% 

Not Specified or 

Other [backend, 

student] 

2 8.3% 

Total 24 100% 

   

 Source: Author's own. 

Table 3 emphasizes the Functionalities of the 

Framer tool. 

 

Among Framer's main Strengths are: 

 

- Efficiency: Ideal for rapid prototyping 

and real-time collaboration. 

- Intuitive Interface: More than 50% 

considered it accessible, despite a 

learning curve. 

- AI and Automation: Although little 

explored, its potential for repetitive tasks 

is promising. 
 

Furthermore, the following areas for 

improvement were identified: 

 

- Documentation: A need for Spanish 

resources and step-by-step tutorials. 

- Stability: Performance issues affect the 

experience in complex projects. 

- Inclusivity: The tool appears to be 

optimized for technical users, not for 

designers without coding knowledge. 
 

Box 6 

Table 3 

Prototype 

Feature 
Framer Functionality 

Ease of Use 62.5% consider it easy to use [Scores 4 
or 5 for "Framer is easy to use"]. 
However, 25% mentioned needing 
technical help or an initial guide. 

Learning 

Curve 

70.8% expressed that they needed or 

will need to learn a lot to use it 
properly. They frequently mention that 
it's complex initially but then becomes 
understandable. 

Rapid 

Prototyping 
Several comment that Framer allows 
for "creating quick prototypes without 
code," which accelerates the work. 

This was mentioned by more than 50% 
in the open question about useful 
aspects. 

Real-time 

Visualization 
Framer's ability to show immediate 
changes is highly valued. It was 
directly mentioned by at least 3 people 

in open responses. 

Intuitive 

Visual Design 
54.2% positively highlighted the visual 
design [scores 4 or 5 in interface-
related questions]. Keywords like 
"intuitive" and "organized" are 
repeated in comments. 

Feature 

Integration 
58.3% consider the features to be well-
integrated. However, some mention 
that integrating custom code still 
presents difficulties. 

Inconsistencies 

or Failures 
33.3% reported failures or limitations 
[issues with performance, export, or 
design without code]. 

Documentation 

and Tutorials 
Multiple users suggest improving 
documentation, especially in Spanish. 
A step-by-step guide for beginners is 
requested. 

 

Source: Author's own. 
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Discussion 

 

1. Demographic Profile and its Impact on 

Results 

 

- Gender and Discipline Bias: The 

predominance of males [83.3%] and 

System Engineering students [75%] in 

the sample could bias the results toward 

technical perspectives. Studies such as 

Molinar et al. [2017] point out that UX 

designers [who are more diverse in 

gender] tend to prioritize aspects like 

usability over functionality. This 

suggests that the positive perception of 

Framer could vary in multidisciplinary 

teams. 

 

- Implications: The lack of participation 

from graphic designers or UX 

professionals [only 8.3% in "other 

majors"] limits the evaluation of aspects 

such as aesthetics or accessibility, which 

are critical in prototypes. Future studies 

should include these profiles. 
 

2. Ease of Use vs. Learning Curve 
 

- Contrast with Similar Tools: While 

62.5% found Framer “easy to use,” 

70.8% highlighted its learning curve. 

This contrasts with other tools chosen for 

their simplified interface. Framer, 

however, surpasses Figma in advanced 

interactivity capabilities [e.g., code-free 

animations]. 

 

- Recommendation: Spanish 

documentation and interactive tutorials 

[requested by 33.3% of users] could 

close this gap, just as Adobe XD has 

done with its guided onboarding 

program. 
 

3. Key Advantages and Use Cases 
 

- Rapid and Responsive Prototyping: 

Framer's ability to generate functional 

prototypes on multiple devices [Figure 4] 

was valued by 50% of the users. This 

aligns with Paradigma Digital [2023], 

which highlights its efficiency in Agile 

projects where time-to-market is critical. 

 

 

 

 

- AI as a Differentiator: Task automation 

[e.g., content translation or responsive 

adaptation] was mentioned as a plus, but 

only 20% of participants explored these 

features. This suggests that AI in Framer 

remains an underutilized resource, 

possibly due to a lack of dissemination or 

complexity. 

 

4. Technical Limitations and Opportunities 

 

- Performance Issues: 33.3% reported 

failures in exports or sluggishness in 

complex prototypes. ComparaSoftware 

[n.d.] warns that Framer may consume 

more resources than tools like Web flow 

in high-fidelity projects. 

 

- Code Integration: The difficulties in 

incorporating custom code [noted by 

25%] limit its use in advanced 

developments.  

 

5. Implications for the Industry 

 

- Remote Teams: Real-time collaboration 

[highlighted in R3bels, 2023] was 

validated by users, but version 

management needs improvement to 

prevent conflicts in distributed teams. 

 

- Academic Training: Given the learning 

curve, universities such as UACAM 

could integrate Framer into UX design 

courses with practical modules, like how 

it is done with Sketch in European 

programs [Userbrain, n.d.]. 

 

6. Conclusion of the Discussion 

 

- The results show that Framer is a 

powerful tool, but with nuances: its 

strength in interactivity and AI makes it 

ideal for technical teams and Agile 

projects, while its learning curve and 

technical limitations require better 

strategies. The industry must balance the 

academic and multidisciplinary context. 

 

D. Reporting the Findings 

 

In this section, first, Figure 4 shows the case 

study prototype created with Framer. 
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Box 7 
 

On a webpage via a computer

 
 

On a tablet

 
 

On a phone

 
 

In general

 
 

Another way to use Framer

 

 
General

 
 

Figure 4 

Web prototyping of the case study designed with 

Framer. 

Source: Author's own 

 

Conclusions 

 

This study addressed the web prototype using 

the Framer tool, highlighting its capacity to 

integrate Artificial Intelligence [AI] into the 

software design and development process. The 

results obtained demonstrate that Framer is an 

effective solution for creating high-fidelity 

interactive prototypes, optimizing 

communication between teams, and reducing 

development times.  

 

The research was based on a structured 

methodological approach, which included case 

study selection, data collection and analysis, 

interpretation of results, and reporting of 

findings, which allowed for a comprehensive 

evaluation of the advantages and challenges 

associated with using this tool. 

 

Among the main findings, it was 

identified that Framer facilitates the rapid 

creation of prototypes thanks to its interface and 

its ability to simulate complex interactions 

without the need for advanced coding. 

Furthermore, the integration of AI in the tool 

allows for the automation of tasks such as 

content translation and the adaptation of designs 

to different devices, which contributes to 

improving efficiency in web project 

development.  

 

However, the study also revealed that 

some users face an initial learning curve, 

especially when integrating custom 

functionalities, which suggests the need to 

improve available documentation and training 

resources. 

 

The results of this study have significant 

applications for the software development 

industry as they highlight the potential of tools 

like Framer to streamline the prototyping 

process and improve collaboration between 

designers and developers. Framer's ability to 

generate functional prototypes in the early stages 

of a project allows for the identification and 

correction of errors before reaching the 

implementation phase. The incorporation of AI 

into the workflow opens up new possibilities for 

the automation of repetitive tasks, enabling 

professionals to focus on more creative and 

strategic aspects. 
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Nevertheless, the study also presents 

areas of opportunity for future research. For 

example, it would be valuable to explore how 

other prototyping tools compare with Framer in 

terms of performance, usability, and the impact 

of AI on decision-making during interface 

design, as well as end-user perception of 

prototypes generated with these technologies. 

 

This study evidences that web 

prototyping with Framer, supported by AI, 

represents a significant advancement in software 

engineering, offering innovative solutions to 

traditional challenges in the development of 

digital products. The combination of a user-

friendly interface, advanced functionalities, and 

automation capabilities positions Framer as a 

valuable tool for multidisciplinary teams.  

 

However, its successful adoption 

requires addressing the initial learning barriers 

and ensuring that users have the necessary 

resources to fully leverage its capabilities. 

 

This work not only contributes to 

academic knowledge about prototyping tools but 

also provides practical insights for web design 

and development professionals. Future research 

could expand these findings, exploring new 

applications of AI in the software development 

lifecycle and evaluating its impact on the 

efficiency and creativity of work teams. 
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Abstract                  

 
This study arises from the "Women Engineers" research project, 
registered at the Autonomous University of Campeche. It 
promotes a community whose primary objective is to foster, 
encourage, support, and collaborate with girls and young women 
to pursue engineering programs. In this sense, a community 
website was developed to offer a direct means of communication 
with its members and the community. This led to the idea of 
integrating the use of AI tools to optimize the website. The 

objective of this research is to present a comparative analysis of 
the website design and development using traditional software 
compared to an artificial intelligence tool [WebSim AI]. Finally, 
the website is evaluated using Nibbler software based on the 
ISO/IEC 25040 standard.    
 

 
Website, Websim AI, ISO 25040. 

Resumen 

 
El presente estudio surge del proyecto de investigación “Mujeres 

Ingenieras” registrado en la Universidad Autónoma de Campeche 

(Universidad Autónoma de Campeche, s.f.); impulsando una comunidad 

cuyo objetivo primordial es propiciar, incentivar, apoyar y colaborar a 

niñas y jóvenes mujeres para cursar programas educativos de Ingenierías. 

En este sentido, para ofrecer un medio de comunicación directo con sus 

miembros y la sociedad se desarrolla un sitio web propio de la 

comunidad. De donde surge la idea, para la optimización del sitio web, 

integrar el uso de herramientas de IA. El objetivo de la presente 

investigación es presentar un análisis comparativo del diseño y desarrollo 

del sitio web de la comunidad usando software tradicional contrastado 

con una herramienta con inteligencia artificial [WebSim AI]. Finalmente, 

se realiza la evaluación del sitio web usando el software Nibbler con base 

en la Norma ISO/IEC 25040. 
 

 
Sitio web, Websim AI, ISO 25040
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Introduction 

 

Traditionally, website design and development 

have been carried out using conventional tools 

and software which, although effective, present 

certain limitations regarding customization, 

efficiency, and the optimization of aspects such 

as accessibility, performance, and user 

experience. 

 

In contrast, the applications of artificial 

intelligence not only contribute to making 

website functionality clearer and more intuitive 

but also enable a more comprehensive and 

personalized online experience. . [Cuellar, 2023] 

 

In this context, the option of 

incorporating artificial intelligence technology 

into website implementation arises, which could 

offer a range of considerable advantages 

compared to conventional software. 

 

At present, artificial intelligence is 

emerging as a key tool for digital transformation, 

enabling the automation of complex processes 

and significantly enhancing the interaction 

between users and web platforms. 

Artificial intelligence surpasses conventional 

methods of application development in multiple 

aspects, as it possesses the ability to efficiently 

analyze large volumes of data, allowing for the 

extraction of valuable insights and real-time 

decision-making, while reducing the need for 

human intervention in processes that require 

extensive analysis. 

 

Sections of the Article: 

 

- Background: This section presents the 

need for tools that simplify the website 

development process. It highlights 

WebSim AI, an innovative application 

that enables the automatic generation of 

websites through the use of advanced 

artificial intelligence algorithms. 

 

- Methodology: The study employs a 

comparative analysis method between 

the development of a website using 

traditional approaches and the use of the 

WebSim AI tool. It consists of four main 

phases: Definition of objectives and key 

indicators; Data collection; Data 

comparison; and Interpretation of results. 

 

 

- Results: This section provides a detailed 

presentation of the research study 

focused on evaluating the quality of two 

websites. In order to obtain comparable 

results based on recognized standards, 

the international standard ISO/IEC 

25040 is adopted as a reference 

framework, as it establishes a structured 

model for software product evaluation. 

 

- Discussion: This section presents the use 

of artificial intelligence in web 

development, which represents a 

powerful tool for academic projects 

seeking innovation, efficiency, and 

accessibility. It streamlines the process 

and reduces technical barriers; however, 

it does not completely replace the need 

for fundamental web development 

knowledge when aiming for advanced 

customization or integration with 

complex systems. 

 

Antecedents 

 

In the field of web development, the need for 

tools that simplify the process of building and 

improving websites is becoming increasingly 

important. Solutions based on artificial 

intelligence are revolutionizing the way we 

design, construct, and optimize websites. 

 

The web is evolving, and WebSim AI has 

emerged unexpectedly to challenge traditional 

forms of web development and interaction. This 

innovative platform is designed to transform 

static websites into dynamic, interactive, and 

explorable environments.  [Vorkel, 2024] 

 

One of the most innovative and 

promising applications is WebSim AI, which is 

used to assist programmers and designers in 

automatically creating optimized websites. 

Artificial intelligence analyzes the different 

pathways and steps by which information will be 

organized. Once organized, information 

becomes easier to search and retrieve. For this 

reason, its primary objective is to provide users 

seeking information with the appropriate means 

to access knowledge that promotes intellectual 

growth and is understandable according to their 

level of reasoning regarding the information 

received. [Salazar Borjas, Caballero Márquez, & 

Reyes Utria, 2025] 
 

 

https://doi.org/10.35429/JITC.2025.9.20.6.1.8
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The integration of artificial intelligence–

based tools such as WebSim AI into academic 

projects like Mujeres Ingenieras presents a 

strategic opportunity to strengthen the 

technological skills of participants. By 

incorporating these innovative solutions into the 

educational process, the initiative promotes not 

only technical mastery of emerging tools but 

also the development of critical competencies in 

computational thinking, complex problem-

solving, and the ability to adapt to technological 

advancements in professional environments. 

 

WebSim AI incorporates sophisticated 

artificial intelligence algorithms to provide agile, 

efficient, and customized solutions for website 

creation. In addition, it employs machine 

learning technologies to optimize both the visual 

appearance and the technical performance of the 

site; its greatest strength lies in its ability to 

automate complex tasks such as design, user 

experience enhancement, search engine 

placement, and overall site performance. 

 

Artificial intelligence for websites offers 

a wide range of advanced tools for tasks such as 

content generation and optimization, effective 

data analysis, and personalized user experience. 

[Infante, 2025] 

 

Mujeres Ingenieras is a research project 

officially registered under the code 

11/UACAM/2025 with the General Directorate 

of Graduate Studies and Research at the 

Autonomous University of Campeche. Its 

overarching objective is to develop academic 

and scientific outputs that contribute to the 

encouragement, empowerment, advancement, 

and professional training of women within the 

field of engineering. [Universidad Autónoma de 

Campeche, Facultad de Ingeniería, s.f.]. 

 

The website includes the following 

functionalities: 

 

It clearly communicates the purpose, 

activities, and values of the Mujeres Ingenieras 

Community, since through this platform, anyone 

interested can learn what we do, how we do it, 

and why it is important to bring more female 

voices into the world of engineering. 

 

- It includes an online form that allows 

new members to easily join the 

community by providing their personal 

information and interests. 

- A gallery featuring photos and videos of 

events, activities, and significant 

moments within the community. 

- A dedicated section designed to present 

the rules and principles that guide the 

community, with the aim of fostering the 

participation of women across all areas 

of engineering. 

 

- Dedicated contact sections where visitors 

can reach out to us directly, collaborate, 

or become part of the community. 

 

Methodology 

 

Traditionally, the creative process and the 

development of web design have required 

significant time and creativity, as it is essential 

to respect the creative stages to achieve an 

optimal result. On the other hand, AI offers an 

abundance of possibilities in a fast, effective, 

and impressive manner.  

 

It allows us to quickly address specific 

needs and create a design suited to a project in 

less time-always maintaining human judgment 

to discern and discard what does not align with 

the intended objectives and requirements. [La IA 

en el Diseño Web: Herramientas, pros y contras, 

2025] 

 

The objective of the present research is to 

present a comparative analysis of the design and 

development of a website using traditional 

software contrasted with software incorporating 

artificial intelligence, specifically applying 

WebSim AI. Figures 1 and 2 illustrate the 

homepage of the Mujeres Ingenieras website. 

 

Box 1 
 

 
 

Figure 1 

Women Engineers Website.      

Source: Own source. 

 

 

 

 

https://doi.org/10.35429/JITC.2025.9.20.6.1.8
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Box 2 
 

 
 

Figure 2 

Women Engineers Website with WebSim AI 

Source: Own source. 

The methodology for conducting 

comparative analysis includes the following four 

stages [see Figure 3]. 

 

Box 3 
 

Figure 3 

Methodology 

Source: Taken from (Lozada, 2025). 

 

Results 

 

The research study is developed in detail below. 

 

A. Definition of Objectives and Key 

Indicators 

The analysis aims to measure the inherent 

characteristics of a software. Focusing on 

scientific rigor and fairness in establishing the 

indicators, the ISO 25040 international standard 

is employed.  (ISO 25040, 2024) 

 

Furthermore, to enhance the precision of 

this analysis, the Nibbler tool (Online presence 

analysis by Nibbler 2024, s.f.) is utilized for this 

purpose. Subsequently, a correspondence is 

established between the aspects evaluated by 

Nibbler and the quality factors defined by the 

ISO 25040 standard. 

 

Table 1 presents the key indicators 

defined for the comparative analysis of the 

research. 

Box 4 
Table 1 

Correspondence of Key Indicators in Nibbler. 

 

Key Indicator Nibbler 

Functionality 

 

It allows the identification of basic 

errors related to the proper 

functioning of the website, such as 

broken links or forms missing 
required fields; however, it does not 

perform validation of internal 

functional requirements. 

 

Usability Enhanced feature by Nibbler, 

considering elements such as the 

clarity of textual content, the 

hierarchical organization of 

headings, and the visual contrast 

among interface components. These 

indicators allow for the evaluation 
of accessibility levels and the ease 

of use experienced by the user. 

 

Portability It analyzes whether the website is 

responsive and compatible with 

mobile devices as well as across 

different browsers. 

 

 

Efficiency It analyzes elements such as the 

website’s loading time, resource 

sizes, and image optimization. 

 

B. Information Gathering 

 

The ISO/IEC 25040 standard contains 

requirements and recommendations for 

evaluating the quality of software products and 

clarifies general concepts. It describes the 

process for assessing software product quality 

and establishes the requirements for its 

application. The evaluation process can be 

employed for different purposes and approaches.  

 

It can be used to assess pre-development 

software, commercial software, or custom 

software, and it may be applied during or after 

the development process. 

 

The evaluation was conducted with the 

purpose of determining whether the system met 

the required quality levels before its 

implementation in educational institutions. (ISO 

25040, 2024) 

 

Figure 4 illustrates the steps of the 

evaluation process according to the ISO 25040 

standard. 
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Box 6 

Figure 4 

Evaluation Process 

      Fuente [ISO 25040, 2024]. 

 

Evaluation Process 

 

- Define the Evaluation: The objective is 

to evaluate a website. 

- Design the Evaluation: Assess 

Functionality, Usability, Portability, and 

Efficiency, with a detailed description of 

each aspect. 

- Plan the Evaluation: The person 

responsible for evaluating both websites 

is co-author 1, Sheila P. Camas Cauich. 

- Conduct the Evaluation: The website 

evaluation is carried out during February 

and March 2025 using the Nibbler tool. 

- Conclude the Evaluation: Analyze the 

results and construct the table of 

observed variations. 

 

Figures 5 and 6 show the evaluation 

carried out in Nibbler. 

 

Box 7 
 

Figure 5 

Evaluation Process Using Nibbler 

      Source: (Análisis de presencia online por Nibbler 

2024, 2025) 

 

 

 

 

 

 

Box 8 
 

 
 

Figure 6 

Evaluation Process Using Nibbler 

 Source: Taken from (Análisis de presencia online por 

Nibbler 2024, 2025) 

 

C. Data Comparison 

 

After evaluating both websites using the process 

defined in the previous section and aligned with 

the ISO 25040 standard, the variations identified 

in the analysis are presented in Table 2. 

 

Box 9 
Table 2 

Comparative analysis of variation searches 
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Discussion 

 

D. Interpretation of Results 

 

When comparing both websites, several shared 

characteristics were identified through the 

Nibbler tool. The three common metrics were: 

SSL [Secure Sockets Layer], broken links, and 

broken text. 

 

Matches on Both Websites: 

 

- SSL: Both websites have a secure 

connection [HTTPS]. 

- Broken Links: Both websites were 

evaluated in this category, and no broken 

links were found. 

- Alt Text: Elements on both websites 

include alternative text. 

 

Features Not Met on Either Website: 

 

- Live Chat: No live chat software was 

detected on either site. 

- E-commerce: No e-commerce solution 

was detected on either site. 

- Booking Widget: No booking widget 

integration is present. 

- Content Amount: Both websites contain 

little text, which negatively affects SEO. 

- Structured Data: Important schema 

markup is missing on both websites. 

- Favicon: No favicon was found on either 

site. 

- Open Graph: No Open Graph tags were 

detected. 

- Image Optimization: Images on both 

websites require optimization. 

 

Features Achieved on the AI-Based Website: 

 

- Well-Defined Headings, the AI-based 

website presents a clear hierarchical 

structure using headings, which 

facilitates readability and improves SEO. 

The AI tool organizes the content 

according to best practices in 

accessibility and HTML semantics. 

- Well-Defined Link Text, each link is 

properly named, providing context about 

its destination. This is because the AI 

tool generates links with meaningful 

names to enhance navigation. (Análisis 

de presencia online por Nibbler 2024, 

2025) 

-  

- The website features a responsive design 

that adapts correctly to different devices. 

This is because the AI tool utilizes 

automatically generated frameworks or 

adaptive styles to ensure mobile 

compatibility. 

 

Features Achieved on the Non-AI Website 

 

Although it was not generated using artificial 

intelligence, some positive elements were 

detected: 

 

- Each page has a unique title and 

description, which adds value for SEO 

by differentiating each section of the 

website. 

- The website includes at least one call-to-

action button to facilitate user contact. 

 

In general terms, there is no significant 

difference in the evaluations using the Nibbler 

tool. However, the AI-generated website 

automatically met key usability aspects such as 

well-structured headings, properly defined links, 

and adaptive design for mobile devices. These 

improvements were achieved with minimal 

human effort. Thanks to automated capabilities, 

AI tools not only save time but also ensure 

technical best practices from the outset. 

 

Conclusions 

 

The comparative study conducted between 

conventional web design and development and 

the use of artificial intelligence–based tools, 

particularly WebSim AI, has enabled a precise 

identification of the advantages and 

disadvantages of each method within the 

academic framework of the Mujeres Ingenieras 

project.  

 

This analysis highlighted that artificial 

intelligence is a powerful resource for 

transforming digital creation processes, 

providing more efficient and versatile solutions. 

Throughout the development of this research, 

essential indicators such as development time, 

performance, and user experience quality were 

established, facilitating an objective evaluation 

of both approaches. The results obtained using 

the Nibbler software, in accordance with the 

ISO/IEC 25040 international standard, 

demonstrated a considerable advantage in the 

use of WebSim AI, particularly in automating 

the technical performance of the website. 
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Artificial intelligence significantly 

reduces development time and simplifies 

complex tasks such as visual organization and 

the implementation of best practices in digital 

accessibility.  

 

However, some limitations were also 

identified when relying exclusively on the AI 

tool, such as the need to manually verify certain 

design decisions and difficulties in customizing 

advanced features. 

 

The future of AI is exciting and full of 

possibilities, but it also presents challenges. It is 

important to address these challenges to ensure 

that artificial intelligence is used responsibly and 

ethically, allowing its full potential to be realized. 

(Futuro de la inteligencia artificial, 2023) 

 

Finally, this study demonstrates that 

combining web development expertise with the 

use of artificial intelligence–based tools can 

produce websites of excellent quality, 

accessibility, and functionality. It not only 

enhances the visibility and reach of projects like 

Mujeres Ingenieras but also promotes a culture 

of technological innovation. 
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Abstract 

 
3D animation emerges as a relevant innovative technological solution to facilitate the 

learning of Mexican Sign Language [LSM]. This tool allows for the precise visualization 

of the characteristic movements of LSM, significantly improving communication 

processes. Along with other technologies such as mobile applications, 3D animation 

presents itself as an alternative to overcome current limitations in accessing adequate 

educational materials, especially one of the factors contributing to the educational lag 

among deaf children. The main objective of this study was to investigate the perception 

of 3D-based applications for learning LSM and their impact on sign language. Specifically, 

the most valued features by users, such as interactivity and educational content, the 

perceived ease of learning, and the correlation between these variables were evaluated. 

The research adopted an analytical methodological approach, combining descriptive and 

correlational aspects. The sample consisted of 120 participants, including both hearing 

and deaf individuals. Data were collected through a structured questionnaire with 

multiple-choice questions, designed to measure the variables of interest. The results 

obtained regarding the first objective indicate that the perception of 3D-based applications 

for learning LSM is acceptable, understanding the potential they offer. Regarding the 

second objective, a correlation of 0.669 was found at a significance level of 0.031, 

indicating a high and statistically significant relationship between the variables perception 

of 3D-based applications for learning LSM and their impact on sign language. Strategies 

were found to integrate Mexican Sign Language [LSM] into the educational field through 

3D animation technologies, aiming to address the barriers to education and 

communication faced by the deaf community. In this context, LSM positions itself as a 

fundamental tool for their social inclusion. However, despite advances, deaf students 

continue to face obstacles due to the scarce knowledge and use of LSM among the hearing 

population. As part of the research, innovative technological solutions, such as mobile 

applications and 3D animations, designed to facilitate LSM learning were explored. In 

particular, 3D animation stands out for its ability to accurately represent the specific 

movements of LSM, which optimizes communication. However, challenges persist, such 

as limited access to adapted educational resources, a factor that aggravates the educational 

lag among deaf children. Methodologically, the study was based on surveys applied to a 

diverse sample, composed of deaf and hearing individuals. The findings reveal that 

interactivity, clarity of educational content, and accessibility are determining elements in 

the design of effective pedagogical tools. In conclusion, the importance of actively 

incorporating the deaf community in the creation of these resources is emphasized, thus 

ensuring real and equitable inclusion. 

 
LSM, Animation, Applications, Inclution 

 

Resumen 

 
La animación 3D emerge como una solución tecnológica innovadora pertinente para 

facilitar el aprendizaje de la Lengua de Señas Mexicana [LSM]. Esta herramienta permite 

visualizar con precisión los movimientos característicos de la LSM, mejorando 

significativamente los procesos de comunicación. Junto con otras tecnologías como las 

aplicaciones móviles, la animación 3D se presenta como una alternativa para superar las 

limitaciones actuales en el acceso a materiales educativos adecuados, especialmente uno 

de los factores que contribuyen al rezago educativo en la niñez sorda. El presente estudio 

tuvo como objetivo principal investigar la percepción sobre aplicaciones para el aprendizaje de 
LSM basadas en 3D y su impacto en la lengua de señas, específicamente, se evaluaron las 

características más valoradas por los usuarios, como la interactividad y el contenido educativo; la 

facilidad de aprendizaje percibida y la correlación entre estas variables. La investigación adoptó 

un enfoque metodológico analítico, combinando aspectos descriptivos y correlacionales. La 
muestra estuvo conformada por 120 participantes, incluyendo tanto personas oyentes como 

personas sordas. Los datos se recolectaron mediante un cuestionario estructurado con preguntas 

de opción múltiple, diseñado para medir las variables de interés. Los resultados obtenidos 

respecto al primer objetivo que la percepción que se tiene sobre aplicaciones para el aprendizaje 
de LSM basadas en 3D es aceptable, entendiendo su potencial que ofrece. Respecto al segundo 

objetivo se evidenció una correlación de 0,669 a un nivel de significancia de 0,031, indicando 

con esto que hay una relación alta y estadísticamente significativa entre las variables percepción 

sobre aplicaciones para el aprendizaje de LSM basadas en 3D y su impacto en la lengua de señas. 
Se encontraron estrategias para integrar la lengua de señas mexicana [LSM] en el ámbito 

educativo mediante tecnologías de animación 3D, tratando de abordar las barreras de acceso a la 

educación y comunicación que enfrenta la comunidad sorda. En este contexto, la LSM se 

posiciona como una herramienta fundamental para su inclusión social. No obstante, pese a los 
avances, los estudiantes sordos siguen encontrando obstáculos por el escaso conocimiento y uso 

de la LSM entre la población oyente. Como parte de la investigación, se exploraron soluciones 

tecnológicas innovadoras, como aplicaciones móviles y animaciones 3D, diseñadas para facilitar 

el aprendizaje de la LSM. En particular, la animación 3D destaca por su capacidad para 
representar de manera precisa los movimientos propios de la LSM, lo que optimiza la 

comunicación. Sin embargo, persisten desafíos, como el limitado acceso a recursos educativos 

adaptados, factor que agrava el rezago educativo en la niñez sorda. Metodológicamente, el estudio 

se basó en encuestas aplicadas a una muestra diversa, integrada por personas sordas y oyentes. 
Los hallazgos revelan que la interactividad, la claridad del contenido educativo y la accesibilidad 

son elementos determinantes en el diseño de herramientas pedagógicas efectivas. A modo de 

conclusión, se subraya la importancia de incorporar activamente a la comunidad sorda en la 

creación de estos recursos, garantizando así una inclusión real y equitativa. 
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Introduction 

 

Communication is fundamental in the teaching-

learning process, both inside and outside the 

classroom. Effective communication, whether 

verbal, written, or in Sign Language, is crucial 

for students to develop knowledge, skills, and 

attitudes. In the educational context, teachers act 

as senders and students as receivers, establishing 

a feedback flow that improves understanding.  

 

This bidirectional interaction is essential, 

and when focused on a common theme, it 

facilitates more effective learning. Inclusive 

education promotes that all students, regardless 

of their abilities, have equal opportunities to 

learn. However, deaf students face 

communicative barriers that limit their access to 

information [Government of Mexico, 2022]. For 

many deaf people, Sign Language is their main 

means of communication, although its use is not 

as widespread as spoken languages, which 

creates a significant communication gap [Parra 

Encinas, 2021]. 

 

Currently, technological solutions such 

as subtitles and virtual interpreters exist, but they 

have limitations in terms of cost, availability, 

and accuracy [López Nava & Gortarez Pelayo, 

2024]. In this scenario, 3D animation emerges as 

a promising alternative, as it allows for the 

creation of precise visual representations of Sign 

Language movements, facilitating educational 

access [García & López, 2024]. Recently, 

models for translating spoken language to sign 

language using 3D avatars have been developed, 

substantially improving communicative 

accuracy [Hurtado-Sánchez et al., 2023]. 

 

Furthermore, real-time 3D 

reconstruction could contribute to creating more 

immersive virtual educational environments 

[Pérez & Rodríguez, 2024]. 3D animation has 

proven to be an innovative tool for teaching Sign 

Language, allowing for fluid interaction between 

deaf and hearing people [Fachal, 2024]. Recent 

studies have explored the use of educational 

virtual environments with real-time monocular 

vision, providing precise feedback to improve 

Sign Language learning [Pérez & Rodríguez, 

2024]. 

 

The implementation of 3D avatars for 

translating spoken language to signs has allowed 

for representing signs with greater clarity, 

facilitating inclusive communication [García & 

López, 2024].  

Similar technologies have demonstrated 

their versatility when applied to teaching cultural 

traditions, such as Basque dances [Arias & 

Sánchez, 2023]. 

 

Despite these advances, challenges in 

accessibility to Sign Language persist. 

Automatic translation still faces accuracy 

problems, and the availability of educational 

resources remains limited. The integration of 

new technologies in the educational field is still 

incipient. Therefore, greater effort is required to 

develop solutions that overcome these barriers 

and promote authentic and equitable inclusion of 

deaf people. 

 

Communication represents an essential 

element in both daily life and educational 

processes. However, deaf people in Mexico face 

significant barriers due to the scarce knowledge 

and use of Mexican Sign Language [LSM] 

among the hearing population [Government of 

Mexico, 2022]. This situation hinders their 

access to education, employment, and social 

interaction, generating exclusion and inequality. 

 

Despite advances in inclusion, access to 

adequate educational materials remains limited, 

which contributes to the educational lag among 

deaf children [Parra Encinas, 2021]. Many deaf 

children grow up in hearing families unfamiliar 

with LSM, affecting their linguistic and 

cognitive development from an early age 

[Dirección General de Educación Superior para 

el Magisterio, 2022]. This problem not only 

impacts children but also generates frustration in 

their families, who lack accessible and 

economical resources to learn LSM alongside 

their children. 

 

The use of technologies such as mobile 

applications with 3D animations has proven 

effective for teaching LSM, providing clear and 

dynamic visual models [Jiménez García, 2022]. 

However, many of these technological solutions 

are not within reach of all families due to their 

cost, the need for advanced devices, or lack of 

knowledge about their existence, thus 

perpetuating the digital divide. Advances in 

artificial intelligence and neural networks for the 

automatic translation of LSM have been 

developed in Mexico, such as the Daktilos 

platform [López Nava & Gortarez Pelayo, 2024]. 

However, these tools still face challenges of 

accuracy and accessibility, limiting their 

massive implementation in educational and 

family environments. 
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The lack of dissemination about the 

importance of LSM and its teaching in families 

with deaf children remains a critical problem. 

Despite governmental and academic efforts, 

society in general does not yet fully recognize 

LSM as a language with the same importance as 

Spanish [UPress, 2023], which limits its 

integration into everyday communication and 

perpetuates the social and professional isolation 

of deaf people. 

 

In this context, it is crucial to develop 

innovative and accessible strategies that promote 

LSM learning from childhood, involving both 

deaf people and their families and community.  

 

The implementation of accessible 

applications with 3D animations could constitute 

a viable solution to improve the teaching and 

learning of LSM, thereby reducing the 

communication gap and promoting a more 

inclusive society. 

 

Methodology 

 

Considering the study's objectives, a 

combination of research methods was assumed, 

primarily contemplating the procedures of 

descriptive analytical research; which is a 

preliminary stage of data processing that creates 

a summary of historical data to provide useful 

information and prepare the data for further 

analysis, helping to answer the question "What 

happened?".  

 

That is, a descriptive analytical 

methodology helps organizations understand 

what happened in the past.  

 

This allows understanding the 

relationship between 2 variables, for example, 

customers and products, with the objective of 

gaining an understanding of the approach to be 

adopted in the future: learning from past 

behavior to influence future outcomes. 

 

For Garza-Mercado [2007], this type of 

research directs procedures to a study 

phenomenon in its entirety and the 

interconnections to discover what accounts for 

its integration. He posits that analysis as the 

processing of qualitative information and 

statistical data is performed in descriptive 

research; however, it depends on the level of 

research with which the researcher concludes. 

 

On the other hand, considering the 

study's objectives, which are to investigate the 

perception of 3D-based applications for learning 

LSM and their impact on sign language, 

identifying the key characteristics that must be 

considered to ensure their effectiveness in the 

inclusion of deaf children and their hearing 

families in Mexico, a correlational methodology 

was established. This is carried out to measure 

two variables, and its purpose is to study the 

degree of correlation between them; therefore, it 

seeks to discover how one variable varies as the 

other does. 

 

Tamayo y Tamayo [2009] consider that 

this methodology aims to determine the degree 

to which variables in one or several factors are 

concomitant with the variation of one or other 

factors. Therefore, this research identifies 

aspects such as the design of a mobile 

application that uses 3D animations to promote 

the learning of Mexican Sign Language, 

identifying the key characteristics that must be 

considered to ensure its effectiveness in the 

inclusion of deaf children and their hearing 

families in Mexico. 

 

Méndez & Austrillo [2008] consider that 

correlational research examines the relationships 

between variables or their results but without 

explaining one as the cause of the other. The 

importance lies in this type of research 

measuring the level of relationship between both. 

At the end of the research, its level of correlation 

was established through the application of the 

Spearman's Rho formula. 

 

Regarding the information collection 

technique, a questionnaire with 20 multiple-

choice response items was developed, applied to 

a population consisting of 120 subjects. Once the 

data was collected through the instruments 

designed for this purpose, it was necessary to 

process them, that is, prepare them 

mathematically, since quantification and its 

statistical treatment allow reaching conclusions. 

 

According to Tamayo y Tamayo [2008], 

whatever the technique used for this, it is nothing 

more than the recording of the data obtained by 

the instruments used, through an analytical 

technique from which the conclusions were 

obtained.  
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For the analysis of the data provided by 

the instrument, descriptive statistics were used, 

through which the data were presented in a 

double-entry matrix, where the items grouped by 

blocks according to the indicators, dimensions, 

and the variable were located at the top; on the 

left side, the research subjects were noted. This 

allowed obtaining tables and graphs, using the 

statistical package SPSS version 23 for this 

purpose. 

 

The degree of correlation between the 

perception of 3D-based applications for learning 

LSM and their impact on sign language was 

established with the Spearman's Rho formula. 

Subsequently, these results were contrasted with 

the theories supporting the study, noting the 

conclusions they led to, and presenting the 

pertinent recommendations based on these 

results. 

 

The following describes the Spearman's 

Rho formula: 

 

Where 

Rho = Spearman's correlation coefficient 

Di = Difference between the ranks of i 

N = Sample size 

1 = Constant 

 

The perception of applications for 

learning LSM based on 3D animation and their 

impact for Mexican Sign Language will 

facilitate understanding about the 

communication of deaf people with the rest of 

society. LSM is described as a visual language 

that uses gestures, facial expressions, and body 

movement to convey messages, so the use of 

technology to create a system that can translate 

Spanish text into LSM using a 3D virtual human 

to perform the corresponding signs will be 

feasible, highlighting the importance of knowing 

the structure of LSM and using computer 

animation tools and motion capture to achieve an 

accurate simulation. 

 

Nowadays, the adequate management of 

these tools can positively impact the academic 

development of students with hearing loss 

situations, where, for example, not only the deaf 

community benefits, but also people with 

communication problems in other contexts, such 

as patients in hospitals or individuals with 

autism. 

 

 

The mix of these variables could make 

the operational strategies of educational 

institutions more efficient, regardless of their 

scope of action that is, serving as a mechanism 

for the effective use of resources, their 

measurement, and control. This directly 

influences educational quality, as the adequate 

use of technologies becomes a reality to offer 

better ways to guide the direction of educational 

organizations, all in search of improving 

inclusive spaces. 

 

According to Mochi [2012], innovation 

through technologies is not enough with 

installing sophisticated computer programs; it 

also requires the acquisition of techniques and 

skills in handling hardware and software, in 

addition to developing capacities to address the 

concrete needs of people in each environment in 

which they operate to improve their living, 

professional, and social conditions. Social 

benefits are linked to the labor aspect, meaning 

that as individuals develop personally, they also 

manage to improve professionally, and this 

translates into greater productivity and job 

performance, seeking a better quality of life. 

 

3D animation technology allows the 

development of systems for translating spoken 

languages to sign languages, with the reverse 

process of the most commonly studied 

translation from sign language to spoken 

language using a 3D avatar to display the 

translated sign language, improving 

comprehension compared to previous methods 

that used sequences of key points or 2D videos. 

 

The creation of possible 3D sign 

applications produced by a system can be used 

to enhance other sign language comprehension 

tasks, starting with a simple but scalable process 

to more complex ones involving more 

organizations or government areas, which allows 

experimenting in a simpler environment but 

replicable to other more complex processes. 

 

Addressing the objectives of this work, 

particularly the one that aims to investigate the 

perception of applications for learning LSM 

based on 3D animation, Gargallo-Castel & 

Pérez-Sanz [2009] consider that the mastery that 

users can achieve of technologies adapted to 

each procedure and objective of the institution 

generates more efficient management to 

optimize productivity and compete in 

sophisticated markets.  
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Therefore, applications for learning LSM 

based on 3D animation provide innovation in 

sign language in institutions. The above 

confirms that mastery in the use of technological 

resources by society requires productive 

development oriented towards satisfying current 

needs, seeking a balance between economic 

growth and social well-being. 

 

In this order of ideas, universities as 

institutions managing knowledge and 

professional training of citizens must contribute 

with professionals capable of functioning in a 

globalized world, imbued with technological and 

scientific advances, with the obligation to 

transmit new forms of learning and new ways for 

knowledge construction, contributing to 

economic development.  

 

In this sense, every educational process 

at all levels must be directed, which is why 

updating teachers' knowledge is imperative and 

implementing new education models according 

to their cultural, economic, technological 

particularities, among others. 

 

Getting teachers to formulate the use of 

strategies and pedagogical resources based on 

competency generation will allow the 

appropriation and integration of the digital tools 

required in society and organizations. In this 

regard, Almenara-Cabero & Romero-Tena 

[2010] point out that the management and 

mastery of technologies must be a constant 

competency in every teaching professional to be 

able to integrate them as part of the training 

processes, since a person cannot be trained in a 

determined area and obtain knowledge about 

what they were trained for and in practice be 

limited by not knowing how to use the tools that 

the markets offer. 

 

Applications for learning LSM based on 

3D animation are a way to face social realities 

and the advances that globalization has 

impulsively driven. Likewise, and unlike 

traditional methods, the ease of learning LSM 

through digital 3D applications aids in access to 

LSM in an accessible and economical way.  

 

The main beneficiaries are deaf children, 

who will be able to improve their learning and 

communication skills; hearing families, who will 

be able to learn and use LSM to communicate 

with their children; and educators, who will have 

an effective tool to teach this language 

inclusively, promoting a more equitable society. 

Implications of Applications for Learning 

LSM Based on 3D Animation 

 

The use of applications for learning LSM based 

on 3D animation will provide accessible and 

affordable solutions for learning LSM, 

especially in families with deaf children. Often, 

existing solutions are costly or require advanced 

devices, creating an additional barrier. The 

creation of a mobile application with 3D 

animations allows overcoming these obstacles, 

as it will be possible to learn at any time and 

place, without the need for expensive technology. 

 

Furthermore, being an accessible tool, it 

complements the institutional efforts of the 

government and universities to promote 

inclusion, providing a valuable and effective 

resource for a part of the population that still 

faces great inequalities. Based on the values 

obtained from the application of the research 

instruments, to which the analysis and 

discussion of the results obtained in the 

information collection process are made. The 

data [see Table 1] are presented following the 

order of appearance of each of the indicators and 

dimensions of the variables. 
 

Table 1 

Table 1 

General Data of the Dimension Perception of 

applications for learning LSM based on 3D 

animation 
 

 
 

Analyzing Table 1, which sought to 

investigate the perception of applications for 

learning LSM based on 3D animation, a series of 

questions were asked to a sample of a population. 

It was observed that 56.1% of respondents 

consider they have a high degree of perception 

of applications for learning LSM based on 3D 

animation and their advantages in the use of sign 

language, which implies greater ease of adoption 

of educational apps. 
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Likewise, 37.01% stated that they have a 

medium perception about applications for 

learning LSM based on 3D animation and their 

advantages in the use of sign language, 4.9% 

indicated that they have a low perception, and 

2% expressed that their perception is minimal. 

 

It is also observed, taking into account 

the average of 64.2% that strengths are presented 

regarding the elimination of barriers in the use of 

LSM with 81.8%, access to technology with 

LSM with 75.8%, generation of innovative 

strategies with 72.7%.  

 

Regarding the opinion of the students in 

reference to their average response of 44.62%, 

strengths are also observed. 

 

Regarding the relatively low percentages 

presented in the indicators, it is identified that 

access to LSM technology presents the 

percentage of 49.8% in opinion, evidencing the 

lower percentages in the High Category. 

Regarding the Medium Category, it is observed, 

taking into account the average of 28.5%, that 

the lower values of the indicators Elimination of 

barriers for LSM are presented. 

 

Avoiding routine and monotonous acts 

with 61% and 32%, concluding this analysis, it 

can be highlighted that there is a greater 

preference for responses from the respondents in 

the High and Medium alternatives, which means 

that the dimension Perception of applications for 

learning LSM based on 3D animation is 

acceptable within the variable under study. 

 

Correlation Analysis 

 

The dataset contains a total of 120 responses 

distributed in 21 columns, related to user 

perception in the use of 3D animation in mobile 

applications to learn Mexican Sign Language 

[LSM]. The collected data include aspects such 

as knowledge of applications, prior use, and 

perception of ease, desired characteristics, and 

importance of feedback, accessibility, devices 

used, and improvement suggestions. 

 

Using as the target variable 

`ease_learning`, which measures how easy 

participants consider it is to learn LSM through 

apps, a logistic or linear regression model can be 

built that helps in this perception based on users' 

attitudes, motivations, and prior experiences. 

 

The measures of central tendency and 

dispersion of the transformed variables are 

presented: 

 

`Knows any mobile app designed to learn LSM? 

_bin`: Mean = 0.43, Std. Dev. = 0.50, Min = 0.0, 

Max = 1.0 

 

`Has used any of these applications? _bin`: 

Mean = 0.00, Std. Dev. = 0.00, Min = 0.0, Max 

= 0.0 

 

`Would you like the app to include an evaluation 

system to measure your progress in learning 

LSM? _bin`: Mean = 0.66, Std. Dev. = 0.48, Min 

= 0.0, Max = 1.0 

 

`Have you had any negative experience with 

apps to learn LSM? _bin`: Mean = 0.37, Std. Dev. 

= 0.49, Min = 0.0, Max = 1.0 
 

` Would you like to participate in 

discussion forums about learning LSM through 

apps?  

 

_bin`: Mean = 0.48, Std. Dev. = 0.50, Min = 0.0, 

Max = 1.0 

 

`How important do you consider immediate 

feedback in an app to learn LSM? _ord`: Mean = 

1.90, Std. Dev. = 1.11, Min = 0.0, Max = 3.0 

 

`How accessible do you consider educational 

apps to learn LSM in terms of cost? _ord`: Mean 

= 1.43, Std. Dev. = 1.09, Min = 0.0, Max = 3.0 

 

`How important do you consider the inclusion of 

cultural elements in an app to learn LSM? _ord`: 

Mean = 1.16, Std. Dev. = 0.84, Min = 0.0, Max 

= 2.0 

` 

How motivated do you feel to learn LSM 

through mobile apps? _ord`: Mean = 1.98, Std. 

Dev. = 1.08, Min = 0.0, Max = 3.0 

 

`How important do you consider social 

interaction with other deaf children for learning 

LSM? _ord`: Mean = 1.79, Std. Dev. = 1.12, Min 

= 0.0, Max = 3.0 

 

`Ease_learning`: Mean = 2.94, Std. Dev. = 1.35, 

Min = 1.0, Max = 5.0 

 

The linear relationship between the 

variables was evaluated. Below is the correlation 

matrix. 
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Box 2 

Table 2 

Correlation Matrix between Variables  
 

 
 
 

The correlation matrix between the 

variables used in the model shows weak 

relationships between most predictors and the 

target variable `ease_learning`. 

 

For example, motivation to learn LSM 

through mobile applications has a moderate 

positive correlation [0.13], suggesting that the 

higher the motivation, the more likely the person 

is to perceive learning as easy. 

 

Other ordinal variables such as 

perception about the inclusion of cultural 

elements [0.07] or cost accessibility [0.06] also 

present positive correlations, although very 

weak. This indicates that although these 

characteristics may have some influence on the 

perception of ease, they are not determining 

factors by themselves. 

 

Regarding binary variables, a relatively 

strong negative correlation stands out between 

knowing applications and having had negative 

experiences [-0.63], suggesting that those who 

know more apps tend to report fewer negative 

experiences, or vice versa. However, these 

variables do not have a significant correlation 

with the target. 

 

In general, the low magnitude of the 

correlations suggests that `ease_learning` could 

be influenced by a combination of factors, rather 

than by a single strong explanatory variable, 

which is a valid argument for applying logistic 

regression or multivariate models that explore 

interactions between variables. 

 

 

 

Having achieved the descriptive 

objectives, designed to give strength to this 

research, the application of a statistic that allows 

inferring these values or results to the population 

corresponds; therefore, the application of the 

Spearman's Correlation Coefficient calculation 

method was decided, to establish the degree of 

relationship between the perception of 3D-based 

applications for learning LSM and their impact 

on sign language. For this purpose, the 

measurements were transformed to nominal 

form by comparing them with the benchmark, 

using the values collected in the double-entry 

matrices, attached, with the help of the SPSS 

version 23 program. 
 

The procedure used for the test was 

through the following statistical formula and 

corroborated by the results obtained from the 

application of the SPSS v. statistical program. 

Applying the formula, a Spearman correlation 

coefficient of 0.669 was obtained at a 

significance level of 0.031, this indicates that 

there is a high and statistically significant 

relationship between the variables, its positive 

sign indicates that as the values of the variable 

perception of 3D-based applications for learning 

LSM increase, so do those of the variable impact 

on sign language. [see Table 3] 
 

Where: 

ρ: Spearman's correlation coefficient 

d: difference between the ranks [X – Y] 

n: number of data 
 

Box 3 

Table 3 

Correlation between the Variables perception 

of 3D-based applications for learning LSM 

and their impact on sign language  
 

 

 

Discussion 
 

After tabulating the results and describing them 

statistically based on the questions formulated to 

the respondents, it is found that regarding the 

variable perception of applications for learning 

LSM based on 3D animation, a significant 

strength is observed regarding the conception 

held of this technology.  
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The results allow identifying factors that 

favor the perception as an effective learning tool. 

Variables such as motivation to learn LSM, 

immediate feedback, and economic accessibility 

of the apps have a positive influence on the 

perception of ease. This supports the design of 

applications that integrate these characteristics, 

especially with the use of 3D animations, to 

improve the engagement and inclusion of deaf 

children and their hearing families. 

 

Regarding the other variable, it is 

observed that concerning the impact on the use 

of sign language, the results expose the need for 

intellectual capital, meaning that knowledge of 

applications for learning LSM based on 3D 

animation is necessary for the production of 

goods and services in any field of people's 

activities today, so it is necessary to generate this 

competency as part of the development of 

professionals in universities. That is, they must 

contribute part of the training of professionals 

who know how to solve problems using 

technology that fully incorporate into the 

productive apparatus, as this is part of economic 

development and service quality. 

 

In this sense, specialized training is 

needed to generalize the use of systems of 

applications for learning LSM based on 3D 

animation and to foster a greater culture of user 

security, as this technology implies a change in 

mentality and skills. 

 

Through the data, it can be inferred and 

evidence found, so using technology like 

applications for learning LSM based on 3D 

animation to generate greater benefits for people 

affected by this need [Naser, Ramírez-Alujas y 

Rosales, 2017]. 

 

Conclusions 

 

Regarding the study's objectives, it is deduced 

based on the results of the perception of 3D-

based applications for learning LSM and their 

impact on sign language, that the development 

of mobile applications based on 3D animations 

for learning Mexican Sign Language [LSM] can 

be an effective tool to promote the educational 

and social inclusion of deaf children and their 

hearing families.  

 

Key factors that influence the perception 

of ease of use and effectiveness of these 

applications were identified, among them: 

 

User motivation and commitment: The 

willingness of hearing families to learn LSM is a 

significant predictor of the tool's success, which 

reinforces the need to design strategies that 

foster interest and continuous participation. 

 

Immediate feedback and interactivity: 

Dynamic features, such as practical exercises, 

formative assessments, and automated responses, 

enhance the learning experience and knowledge 

retention. 

 

Economic and technological 

accessibility: To ensure broad impact, the 

application must be affordable and functional 

even with minimal technical requirements, 

eliminating adoption barriers. 

 

Inclusive and culturally relevant design: 

The inclusion of intuitive visual elements, step-

by-step guides, explanatory videos, and familiar 

characters facilitates adoption by both deaf and 

hearing users, acting as a communicative bridge. 

 

Furthermore, a positive and strong 

correlation was found between the perception of 

educational applications in 3D and their impact 

on LSM learning, supporting the feasibility of 

this technological approach. However, the study 

also revealed limitations in the predictive 

capacity of some models, suggesting the need to 

incorporate more complex analyses or adjust the 

methodological design in future research. 

 

This project not only represents an 

innovative solution for teaching LSM but also an 

opportunity to reduce communication gaps and 

foster a more inclusive society. Its successful 

implementation will depend on a user-centered 

approach, integrating pedagogical, technological, 

and emotional aspects to maximize its reach and 

effectiveness. 

 

Future Recommendations 

 

- Deepen qualitative studies to better 

understand the specific needs of families 

with deaf children. 

 

- Implement pilot tests with interactive 

prototypes to evaluate usability and 

adjustments before the final launch. 

 

- Explore alliances with educational 

institutions and organizations of the deaf 

community to ensure cultural pertinence 

and dissemination. 
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- This work lays the foundation for the 

development of inclusive digital tools, 

contributing to a future where 

communication between deaf and 

hearing people is more accessible and 

equitable. 
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