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Abstract                                                                         
 

Small and medium-sized businesses (SMEs) have become an important analysis factor to boost the country's economy, due 

to the large concentration of companies that exist and the job offer they generate. The objective of this research work is to 

analyze the current technological situation of SMEs in the commercial sector in the central region of the state of Tlaxcala, for 

the incorporation of the principles of Industry 4.0 and thus be able to increase their regional competitiveness. The research is 

exploratory and descriptive; It was decided to analyze the commercial sector, due to the high concentration in the study region. 

This is through a survey applied to 187 small and medium-sized companies. The use of Information and Communication 
Technologies (ICT) is notable, with a large percentage of SMEs using digital platforms to make sales, manage electronic 

payments and promote their products on social networks. The incorporation of Industry 4.0 in Tlaxcala's SMEs has the 

potential to transform their regional competitiveness, but its success will largely depend on the ability of these companies to 

overcome internal and external obstacles that limit their development.    

 
Objective Methodology 

 

Contribution 

 

The objective of this work is 

to analyze the current 
technological situation of 

SMEs in the central region of 

the state of Tlaxcala, for the 

incorporation of the 

principles of Industry 4.0 and 

to increase their regional 

competitiveness. 

 

 

• Method. Exploratory and descriptive research. 

• Technique. Survey (questionnaire). 
• Location. Central region of the state of Tlaxcala. 

• Application of the instrument. From January 4 to 

April 26, 2024. 

• Analysis unit. Small and medium-sized businesses. 

• Population. 294 companies. 

• Sample. Probabilistic with a sample of 187 

companies. 

• Data analysis methods. Descriptive quantitative 

analysis. 

 
 

• Promotes regional 

competitiveness. 
• Technological innovation 

and modernization in the 

business sector. 

• Strengthening local 

economies. 

 

 

 

SMEs, Local development, Industry 4.0 

 

Resumen   
 

Las pequeñas y medianas empresas (PYMES) se han convertido en un factor importante de análisis para impulsar la economía 

del país, debido a la gran concentración de empresas que existen y por la ofrta de empleos que generan. El objetivo de éste 

trabajo de investigación es analizar la situación tecnológica actual de las PYMES del sector comercial en la región centro del 
estado de Tlaxcala, para la incorporación de los principios de la Industria 4.0 y así poder incrementar su competitividad 

regional. La investigación es de tipo exploratoria y descriptiva; se optó por analizar al sector comercial, debido a la gran 

concentración existente en la región de estudio. Esto a través de una encuesta aplicada a 187 pequeñas y medianas empresas. 

El uso de Tecnologías de la Información y la Comunicación (TIC) es notable, con un gran porcentaje de PYMES utilizando 

plataformas digitales para realizar ventas, gestionar pagos electrónicos y promover sus productos en redes sociales. La 

incorporación de la Industria 4.0 en las PYMES de Tlaxcala tiene el potencial de transformar su competitividad regional, pero 

su éxito dependerá en gran medida de la capacidad de estas empresas para superar los obstáculos internos y externos que 

limitan su desarrollo.     

 
Objetivo Metodología Contribución 

El objetivo de éste trabajo es 
analizar la situación 

tecnológica actual de las 

PYMES de la región centro del 

estado de Tlaxcala, para la 

incorporación de los principios 

de la Industria 4.0 y poder 

incrementar su competitividad 

regional. 

 

 

• Método. Investigación exploratoria y descriptiva. 
• Técnica. Encuesta (cuestionario). 

• Localización. Región centro del estado de Tlaxcala. 

• Aplicación del instrumento. Del 04 de enero al 26 

de abril de 2024. 

• Unidad de análisis. Pequeñas y medianas empresas. 

• Población. 294 empresas. 

• Muestra. Probabilística con una muestra de 187 

empresas. 

• Métodos de análisis de los datos. Análisis 

cuantitativo descriptivo. 

 
 

• Impulsa la 
competitividad 

regional. 

• Innovación tecnológica 

y modernización en el 

sector empresarial. 

• Fortalecimiento a las 

economías locales. 

 

 

 

PYMES, Desarrollo local, Industria 4.0 
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Introduction 
 

Micro, small and medium-sized enterprises (MSMEs) are the most dynamic and representative economic 

segment worldwide, accounting for more than 90% of economic units and responsible for a significant 

share of global employment (INEGI, 2020). Their role as drivers of economic growth is undeniable, 

especially in local contexts where their contribution is crucial for social and economic development. In 

regions such as the central zone of the state of Tlaxcala, these enterprises are mainly concentrated in 

commercial sectors, generating employment and promoting the regional economy. However, they face 

significant structural challenges that limit their competitive capacity, including low technological 

adoption, low innovation capacity and lack of access to strategic resources. These factors underline the 

urgent need to identify effective solutions, with Industry 4.0 being one of the most promising strategies 

to strengthen their competitiveness. 
 

Industry 4.0 represents not only a technological evolution, but a paradigm shift in business 

management, integrating cyber-physical systems, big data, advanced automation and the Internet of 

Things (IoT). This technological revolution offers significant added value compared to other traditional 

strategies, as it enables process optimisation, facilitates real-time decision-making and improves 

operational efficiency. These features can transform the way SMEs operate, opening up new market 

opportunities and strengthening their responsiveness to today's demands. However, their implementation 

presents challenges, especially in the context of Tlaxcala, where enterprises face barriers such as lack of 

financial resources, lack of trained personnel and limited technological infrastructure. 
 

The competitiveness of SMEs depends not only on internal factors, but also on an environment 

that fosters fair competition and innovation. Competition among firms promotes the supply of better 

quality products and services, encouraging small and medium-sized enterprises to improve their 

productivity and develop strategies that respond to market needs (Núñez, 2021). In Tlaxcala, this 

competitiveness is reflected in municipalities such as Chiautempan, Tlaxcala and Apizaco, where the 

concentration of SMEs responds to factors such as access to markets, availability of labour and proximity 

to strategic resources (Saldaña et al., 2012). These firms play a central role in the local economy, acting 

as development agents that can drive productive modernisation through the adoption of advanced 

technologies. However, the incorporation of Industry 4.0 tools in the region's SMEs is not without its 

challenges. García (2010) highlights that the complexity of these technologies, together with their high 

costs and the need for specialised personnel, represent significant barriers to their implementation. 

Furthermore, Seseña and López (2017) identify common mistakes in the adoption of these technologies, 

such as the lack of a clear strategic direction, the inadequate application of technological tools and the 

absence of continuous monitoring. These factors are exacerbated in Tlaxcala due to the lack of strategic 

alliances and limited external support for technological innovation. 

 

Most of the small and medium-sized enterprises in the state belong to the central region (see 

Figure 1), thus contributing to socio-economic development and employment generation. The location 

of this type of enterprises is characterised by the fact that they are located where there are agglomerations 

or the necessary resources to generate profitability, i.e. in the centre of a region. Because of this, 

companies are forced to compete with each other, promoting innovation to become attractive to the 

population. 

 

Box 1 
 

 
Figure 1 

Concentration of small and medium-sized enterprises in the central region of the state of Tlaxcala. 
Source: Own elaboration based on INEGI (National Statistical Directory of Economic Units [DENUE])(2023). 
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Regarding the number of small and medium-sized enterprises that will be analysed in this research 

work and that exist in the state of Tlaxcala, there is a total of 1,897 economic units, representing 3.42% 

of the total number of enterprises, the largest percentage being micro-enterprises with 96.3% and the rest 

being large enterprises (0.28%) (INEGI, 2023). The central region stands out with a total of 794 SMEs, 

representing 41.85% of the total (see Table 1). Regarding the concentration of SMEs by economic sector 

in the central region of the state of Tlaxcala, 37% correspond to the commercial sector, 34% to the 

industrial sector and 29% to the services sector. It should be noted that this regionalisation is taken into 

account based on the 2018 State Programme for Land Use and Urban Development of the state of 

Tlaxcala. 

Box 2 
Table 1 

Number of SMEs in the State of Tlaxcala 

 

Region Small 

enterprises 

Medium-

sized 

companies 

Total 

PYMES 

North (Tlaxco) 82 16 98 

West (Calpulalpan) 164 16 180 

East (Huamantla) 263 41 304 

Centre (Tlaxcala) 672 122 794 

South (Zacatelco) 456 65 521 

State total 1,637 260 1,897 
 

Own elaboration based on INEGI (National Statistical Directory of Economic Units [DENUE]) (2023 

. 

Thus, the objective is to analyse the current technological situation of SMEs in the commercial 

sector in the central region of Tlaxcala, identifying the specific barriers that limit the incorporation of the 

principles of Industry 4.0. Through an exploratory and descriptive approach, we seek to highlight the 

competitive advantages that these technologies can offer and propose strategies for their effective 

implementation. The relevance of this analysis lies in the need to strengthen local development through 

the technological modernisation of SMEs. 

 

Theoretical framework 

 

What is Industry 4.0. 

 

Industry 4.0 is considered as that technological revolution that will modify not only industry, but also 

various parts of society as well as the economy. It has the ability to provide information to improve 

production systems in an intelligent way. This is with the help of emerging technologies that enable real-

time enterprise information for better business decision making, risk prevention and operational 

management. The current industrial revolution not only emphasises the improvement of productivity and 

long-term competitiveness, but is also trying to address issues such as sustainable urbanisation, the use 

of renewable energies, the care of natural resources and population growth (Castillo, 2024). 

 

The fourth industrial revolution precedes three previous revolutions that were transcendental for 

the development of Industry at a global level, from the emergence of the steam engine, the automobile, 

the means of communication, the arrival of computing together with Information and Communication 

Technologies, to what is now known as cyber physical systems, with a great variety of technologies to 

automate processes, store information and the interconnection between various devices to perform a 

specific task (see Table 2). 
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Box 3 

Table 2 

The four industrial revolutions. 

Name Period Features 

First industrial revolution 19th century Steam engines for the mechanisation 

of production. 

Second industrial revolution Early 20th century Electric motors, mass production, 
combustion engines, the rise of the 

aeroplane and the automobile, as well 

as the telephone and radio. 

Third industrial revolution 70s of the 20th century Automation and the emergence of 

information technology. 

Fourth industrial revolution 21st century Cyber-physical systems, information 

processing, intelligent decision-

making. 

Source: own elaboration based on Joyanes (2017). 

According to Peralta et al. (2020), the main technological tools that comprise Industry 4.0 are the 

following: 

 

The cloud. It stores a large amount of information and stores it, so that it can be used at any time 

with only Internet access. 

 

Autonomous robots. They are configured to perform certain operations within the production 

system, so that there is greater efficiency. 

 

Simulation. It is used to evaluate projects, by generating various scenarios and thus can determine 

the success or failure of the same. It helps to save time and resources used in such a project. 

 

The integration of horizontal and vertical systems. It is sought through collaborative work 

between the various areas of the company, ranging from production to sales, to increase levels of 

automation and a better flow of information. 

 

The industrial internet of things. This is considered the essential aspect for the development of 

all the elements that make up Industry 4.0. 

 

Cyber security. It helps to safeguard the information contained in the cloud by means of security 

systems, in order to avoid data loss or hacking. 

 

Additive manufacturing or 3D printing. It is used to design objects based on virtual models 

and, once the model is ready, it is sent to be printed as a three-dimensional object. 

 

Augmented reality. Allows the identification of specific environments with physical and virtual 

situations, to analyse them and thus improve certain aspects in the fields of medicine, aeronautics, 

military, industry, among others. 

 

Álvarez (2021) mentions that companies need tools that he called ‘digital enablers’, which are 

those that allow them to drive the digital transformation process. This is because the physical dimension 

is combined with the virtual dimension to generate an intelligent industrial revolution (see Figure 2). 
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Box 4 
 

 
 

Figure 2 

Industry 4.0 Ecosystem 
Source: Álvarez (2021) 

 

Small and medium-sized enterprises 

 

In the case of small and medium-sized enterprises, they are considered to be a determining factor in the 

economic development of a country, as they generate jobs, promote investments and activate production. 

When referring to a company, one thinks of a system with resources determined for the production and 

exchange of goods and services, with the aim of satisfying existing demand and obtaining an economic 

benefit, mainly (Bada et al., 2013). In defining small and medium-sized enterprises, it is necessary to 

consider certain qualitative and quantitative criteria in order to identify these types of companies within 

the total number of companies in a given country. 

 

According to Herrera (2011), the quantitative criteria most commonly used to define small and 

medium-sized enterprises are: total number of workers, net capital, total assets, gross income, export 

earnings, investment in machinery and equipment, and wages and salaries paid. The criterion of the 

number of workers was used to identify small and medium-sized enterprises in the commercial sector in 

the central region of the state of Tlaxcala in order to carry out the survey in this type of enterprises. 

 

The rhombus of national advantage or Porter's diamond 

 

Competitiveness in a nation has become necessary to contribute to the improvement of the quality of life 

of its population. To explain this, Porter (1991) conducted research he called ‘the competitive advantage 

of nations’, in which he mentions that a nation's competitiveness is determined by the ability of firms to 

innovate. Firms tend to gain advantage because of the challenges they face from competition. In order to 

generate competitive advantage, nations have to succeed in particular sectors. Regarding the definition 

of the term competitiveness, the author commented that the concept associated with competitiveness at 

the national level is that of productivity. Productivity relates to the measurement between the output of a 

given country, with resources and an estimated time frame for it; this becomes fundamental for a better 

long-term standard of living of that country.  

 

Therefore, it becomes complex to try to explain competitiveness at the national level. Instead, it 

is necessary to understand those factors that determine its growth and level of performance. To provide 

an answer, one must focus not only on the economy as a whole, but also on individual economic sectors 

and sub-sectors, seeking specialisation and boosting their consolidation. 

 

Porter established four broad attributes within a nation that form the national advantage diamond, 

which are: 
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1. Factor conditions. This relates to a country's situation in terms of productive factors, such as 

labour, capital, infrastructure and essential resources in order to be able to compete. 

2. Demand conditions. This refers to the existing demand for a specific product or service in terms 

of the economic sector and the market in which it is found. 

3. Related and ancillary sectors. The presence in a country of suppliers and sectors that have a 

high level of international competitiveness. 

4. Company strategy, structure and rivalry. These are the conditions that exist in a country for 

companies to form, organise, manage and consolidate themselves, in order to be able to compete 

internally (Porter, 1991). 
 

These elements promote firms to seek the use of novel technologies as a form of competitive 

advantage to face competition. For this reason, the aim is not to incorporate all the tools of Industry 4.0, 

but rather those that help a specific sector in relation to its daily activities. SMEs must be in a favourable 

environment, hence the use of the 4 determinants of national advantage proposed by the author. It is 

important to consolidate small and medium-sized enterprises, as they are somehow involved in this 

process of national competitiveness. The role of small and medium-sized enterprises is important for the 

generation of national competitive advantage, which is why a series of things are determined that they 

must do to achieve this competitiveness and to have a leader within them to guide them in this. 
 

Only companies that are specific to a country can achieve a competitive advantage. Such is the 

case of small and medium-sized enterprises, which are mostly created by people originating from the 

country where they are located. It is important to stress the role of innovation in competitiveness and that 

this is created by challenges within companies. Leadership is also necessary, as competitive advantage 

comes from good leadership that uses and optimises the forces of the rhombus to promote improvements 

in certain aspects. Companies must be in a constant state of change and improvement, adopting the 

necessary technology to carry out their activities in a more effective way that helps them to position 

themselves in the market, as they can do with the tools of Industry 4.0. Porter points out that this must 

become a goal not only for companies, but also for nations, as they must not only survive, but also achieve 

international competitiveness. But it should not be a one-off, but a constant one (Porter, 1991). 
 

In short, it can be said that a country's competitiveness is created, it does not emerge by itself. 

The idea is that the interest rate, the exchange rate, labour costs are the main determinants of 

competitiveness, but this is wrong. To boost national competitiveness, the focus must be on certain 

sectors, as well as on making companies continuously innovative. By incorporating Industry 4.0 tools 

within companies, it somehow contributes to increased productivity and competitiveness, a situation that 

also boosts national competitiveness. 
 

Methodology 
 

An exploratory and descriptive research was carried out by applying a survey to small and medium-sized 

enterprises in the commercial sector in the central region of the state of Tlaxcala. A probability sample 

was determined with a population of 294 SMEs in the commercial sector, using a confidence level of 

95% and a margin of error of 5%. The minimum acceptable sample was 167 questionnaires to be applied, 

so a total of 187 questionnaires were completed between 4 January and 26 April this year, and a 

quantitative descriptive analysis of the data collected was chosen (see Table 3). It was decided to analyse 

the commercial sector, due to the high concentration of this sector in the central region, with 80%. 

 

Box 5 

Table 3 

 Research method 

Method Exploratory and descriptive research 
Technique Survey (questionnaire) 
Location Central region of the state of Tlaxcala 
Application of the instrument From 04 January 2024 to 26 April 2024 
Unit of analysis Small and medium-sized enterprises in the commercial sector 
Population 294 enterprises 
Sample Probabilistic with a sample of 187 enterprises 
Methods of data analysis Descriptive quantitative analysis 
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Results 

Figure 3 shows the distribution of the questionnaires applied in the central region of the state of Tlaxcala, 

where most of the questionnaires were applied in Apizaco (52 questionnaires), Tlaxcala (43 

questionnaires) and Chiautempan (33 questionnaires), due to the fact that most small and medium-sized 

enterprises are located there 

Box 6 
 

 
 

Figure 3 

Number of questionnaires applied per municipality in the central region of the state 

of Tlaxcala. 
Source: own elaboration (2024). 

 

The average age of the respondents was 40 years old. In relation to gender, 57% of the 

entrepreneurs who responded were men and the rest were women (43%). Regarding the level of education 

of the entrepreneurs who answered the survey, it was identified that 44% have completed university, 

33% have completed high school, 15% have completed secondary school and 4% have a master's degree. 

On the other hand, the average year in which the small and medium-sized enterprises started 

operations was 2014, with an average age of 10 years. It could be said that these companies are already 

consolidated to a certain extent, to some extent facing the Covid-19 pandemic that was experienced a 

few years ago. Regarding the constitution of the companies, 75% of the SMEs are registered with the tax 

authorities (individual, legal entity, etc.) and the rest are not registered with the tax authorities (25%). 

Figure 4 shows that the main innovation factors that enterprises are always doing are: 48% are 

looking for new ways to reach customers; 43% offer new products or services depending on customer 

suggestions and 35% added materials, labour or tools to reduce the costs of the enterprise. On the other 

hand, those aspects that have mostly not been applied in the enterprises are: 49% have not received 

support from any external institution to increase the level of technological innovation and 43% have not 

formed strategic alliances with other enterprises in the same sector to undertake technological innovation 

projects. 
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Box 7 
 

 
 

Figure 4 

Factors of innovation in SMEs in the commercial sector. 
Source: own elaboration (2024). 

 

Regarding the use of Information and Communication Technologies (ICT) in small and medium-

sized enterprises in the commercial sector, Figure 5 shows that the vast majority know what they are and 

use them in the enterprises. These include the use of e-commerce (50%); electronic devices to make card 

payments (54%); online payments for some sales (50%); websites or social networks (63%); specialised 

software for the business line (54%); they have a computer, tablet or other electronic device to manage 

the business (76%) and Internet connection in the business (86%). 

Box 8   
 

 
 

Figure 5 

              Information and Communication Technologies used by SMEs in the commercial sector. 
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Figure 6 shows the challenges that SMEs in the commercial sector would face when adopting this 

industry, which are: 26% say capital investment in training and technological equipment; 23% training 

of existing staff; 15% acquiring new customers to generate revenue to enable the implementation of these 

technologies; 11% acquiring new knowledge; 10% no challenge; 8% resistance to change and the rest 

(8%) using the best IT tools to improve the productivity of the work group. 
 

Box 9 
 

 
 

Figure 6 

What challenge would SMEs in the commercial sector face in adopting this Industry? 

   Source: own elaboration (2024). 

 

              Of the 187 companies surveyed, 81% said they would implement some Industry 4.0 tools and 

19% said they would not. The main reasons for and against the implementation of Industry 4.0 are as 

follows (see Table 4): 

 

Box 10 

Table 4 

Reasons to implement Industry 4.0 

 

Reasons in favour Reasons against 

● Because you can have greater 

accessibility to the company's 

information. 

● To have a more complete team and 

provide a better service to customers. 

● To provide better strategic solutions to 

customers and thus increase 

competitiveness. 

● It is important for the company to have 

access to new technological scopes to 

facilitate the management of the 

company, because in the long run it can 

be beneficial for the owners of the 

companies to trust their workers without 

having to be close to them, teaching them 

how to do things or correcting them. 

● Because there are no specialists in the 

state of Tlaxcala. 
● Because there are not enough 

resources for its implementation. 

● Because there is not enough 

knowledge. 
● Because of the high cost of the 

technology. 
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Discussion 

 

The implementation of Industry 4.0 principles in small and medium-sized enterprises in the commercial 

sector in the central region of Tlaxcala faces significant challenges. Despite the fact that the vast majority 

of entrepreneurs recognise the importance of technology to improve competitiveness, the results show 

that 19% do not consider it feasible to incorporate these tools due to a lack of financial resources, 

specialised knowledge and the absence of specialists in the region. 

 

 This scenario reflects common obstacles that companies face when implementing advanced 

technologies, such as poor strategic direction, lack of monitoring of the tools used and the absence of 

operational projections. In the case of SMEs in Tlaxcala, these problems are compounded by the lack of 

strategic alliances and limited external support for technological innovation, which is evident in the 49% 

of respondents who have not received any support. In addition, lack of capital and resistance to change 

on the part of entrepreneurs are critical barriers that need to be overcome. Investment in training and 

equipment acquisition is a central challenge preventing SMEs from efficiently adopting Industry 4.0 

tools. 

 

 Despite these challenges, there are positive points. A significant 81% of companies expressed 

interest in implementing at least some Industry 4.0 technology tools. Reasons in favour include the 

possibility of improving accessibility to information and strategic decision-making, as the 

competitiveness of companies is directly related to their ability to innovate and adapt to new challenges. 

In terms of technology use, ICT is one of the areas with the highest adoption, especially in the use of 

electronic devices to make payments and in the implementation of social networks to interact with 

customers. However, the lack of deeper integration of simulation or cybersecurity tools suggests that 

many companies have not yet fully understood the scope of Industry 4.0. 

 

Conclusions 
 

SMEs in the commercial sector in the central region of Tlaxcala are at a critical point for their competitive 

development, especially in the context of adopting technologies associated with Industry 4.0. Although 

there is a clear awareness among entrepreneurs about the importance of these tools to improve 

productivity and efficiency, several obstacles prevent their full implementation. Among the main barriers 

identified are the lack of financial resources, the limited technical training of personnel and the lack of 

local specialists who can adequately guide and advise on the digitisation process. These structural 

challenges are in line with previous studies indicating that Mexican SMEs, particularly in less 

industrialised regions, face greater difficulties in integrating emerging technologies. 
 

 Still, a positive aspect emerging from the research is the willingness of most companies to explore 

at least some Industry 4.0 tools. The use of Information and Communication Technologies (ICT) is 

notable, with a large percentage of SMEs using digital platforms to make sales, manage electronic 

payments and promote their products on social media. However, the adoption of more advanced 

technologies such as simulation, autonomous robots or cybersecurity remains limited, reflecting a lack 

of deep understanding of the full potential of Industry 4.0 to transform production processes. 
 

 Furthermore, the research reveals that SMEs in Tlaxcala operate in an environment where 

institutional support is scarce. Nearly half of the companies surveyed mentioned not having received any 

support from external institutions to increase their level of technological innovation. This finding 

underlines the importance of government, universities and other business support organisations playing 

a more active role in providing resources, training and advice. Without a coordinated effort to boost 

technical training and provide access to adequate financing, local SMEs are likely to continue to face 

difficulties in remaining competitive in an increasingly digitised and demanding market. Therefore, the 

incorporation of Industry 4.0 in Tlaxcala's SMEs has the potential to transform their regional 

competitiveness, but its success will largely depend on the ability of these firms to overcome the internal 

and external obstacles that limit their development. Investing in human capital, upgrading technological 

equipment and creating strategic alliances will be key for SMEs to fully reap the benefits of digital 

transformation. In this sense, competitiveness should not only be measured in terms of technological 

innovation, but also in the adaptability and resilience of companies in the face of an increasingly dynamic 

global economic environment. Only through a sustained commitment to innovation and adequate 

institutional support, SMEs in the business sector in Tlaxcala will be able to consolidate themselves as 

relevant actors in the economic development of the region. 
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