99

Industry 4.0 in SMEs in the commercial sector in the central region of the state of
Tlaxcala for greater regional competitiveness

La Industria 4.0 en las PYMES del sector comercial en la region centro del estado de
Tlaxcala para una mayor competitividad regional.

Arenas-Mufioz, Alondra *?, Delgado-Serrano, Victor Enrique ® and Rodriguez-Juéarez, Edgard ©

aROR E| Colegio de Tlaxcala, A.C., «* KIB-2588-2024 «" 0009-0001-7627-5436 +& 1007893
b ROR E| Colegio de Tlaxcala, A.C. + © LRB-8270-2024, 0009-0002-9918-4411 «# 1009676
¢ROR Universidad Politécnica de Tlaxcala « ** LRC- 4494-2024 «/ 0000-0001-7310-0588,

CONAHCYT classification: DOI: https://doi.org/10.35429/H.2024.13.99.111

Area: Social Sciences

Field: Business and administration
Discipline: Business and accounting
Subdiscipline: Business and commerce

Key Handbooks

Emphasis on how the incorporation of advanced technologies such as Industry 4.0 tools could increase competitiveness and efficiency.
In adopting Industry 4.0, SMEs must take a proactive approach to digitization and improve their ability to integrate disruptive
technologies to adapt to today's dynamic markets. 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. Despite the fact that
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 digitization process. These structural
challenges coincide with previous studies that indicate that Mexican SMEs, particularly in less industrialized regions, face greater
difficulties in integrating emerging technologies. 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 companies to overcome the internal
and external obstacles that limit their development. Investment in human capital, the modernization of technological equipment and the
creation of strategic alliances will be key for SMEs to take full advantage of 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 the appropriate institutional support will SMEs in the commercial sector in Tlaxcala be able to consolidate themselves as relevant
players in the region's economic development.

Citation: Arenas-Mufioz, Alondra, Delgado-Serrano, Victor Enrique and Rodriguez-Juarez, Edgard. 2024. Impact of AMIB
professional certification on financial engineering students at UPTx. 99-111. ECORFAN.

* 52 [alondraam@coltlax.edu.mx]

Handbook shelf URL.: https://www.ecorfan.org/handbooks.php

ISBN 978-607-8948-52-9 /©2009 The Authors. Published by ECORFAN-Mexico, S.C. for ..
its Holding Mexico on behalf of Handbook HFB. This is an open access chapter under the ...2. RE N I E CYT

CC BY-NC-ND license [http://creativecommons.org/licenses/by-nc-nd/4.0/] .:.':..'.ug @
. - . . B W Registro Nacional de Instituciones y
Peer Review under the responsibility of the Scientific Committee MARVID®- in ... Empresas ientficas y Tecnlggcs

contribution to the scientific, technological and innovation Peer Review Process by training

Human Resources for the continuity in the Critical Analysis of International Research. I "02 902 CONAHCYT



https://ror.org/02m03y943
https://www.webofscience.com/wos/author/record/KIB-2588-2024
https://orcid.org/0009-0001-7627-5436
https://ror.org/02m03y943
https://www.webofscience.com/wos/author/record/LRB-8270-2024
https://orcid.org/0009-0002-9918-4411
https://ror.org/05ps48151
https://www.webofscience.com/wos/author/record/LRC-4494-2024
https://orcid.org/0000-0001-7310-0588
https://doi.org/
https://www.ecorfan.org/handbooks.php
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.marvid.org/

100
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.
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Resumen

Las pequefias y medianas empresas (PYMES) se han convertido en un factor importante de analisis para impulsar la economia
del pais, debido a la gran concentracion de empresas que existen y por la ofrta de empleos que generan. El objetivo de éste
trabajo de investigacion es analizar la situacion tecnoldgica actual de las PYMES del sector comercial en la region centro del
estado de Tlaxcala, para la incorporacién de los principios de la Industria 4.0 y asi poder incrementar su competitividad
regional. La investigacion es de tipo exploratoria y descriptiva; se opt6 por analizar al sector comercial, debido a la gran
concentracion existente en la region de estudio. Esto a través de una encuesta aplicada a 187 pequefias y medianas empresas.
El uso de Tecnologias de la Informacion y la Comunicacién (TIC) es notable, con un gran porcentaje de PYMES utilizando
plataformas digitales para realizar ventas, gestionar pagos electrénicos y promover sus productos en redes sociales. La
incorporacion de la Industria 4.0 en las PYMES de Tlaxcala tiene el potencial de transformar su competitividad regional, pero
su éxito dependera en gran medida de la capacidad de estas empresas para superar los obstaculos internos y externos que
limitan su desarrollo.

Objetivo Metodologia Contribucién
El objetivo de éste trabajo es | « Método. Investigacion exploratoria y descriptiva. e Impulsa la
analizar la situacién | <«  Técnica. Encuesta (cuestionario). competitividad
tecnoldgica actual de las| ¢« Localizacidn. Region centro del estado de Tlaxcala. regional.
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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 (10T). 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 (Nufiez, 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 (Saldana 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. Garcia (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, Sesefia and Lopez (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
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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.

Table 1
Number of SMESs in the State of Tlaxcala

Region Small Medium- Total
enterprises sized _ PYMES
companies

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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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.

Alvarez (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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Figure 2
Industry 4.0 Ecosystem

Source: Alvarez (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%.

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 guantitative 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
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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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Se desarrolla o paga por procesos innovadores para la..
Se ha desarrollado o pagado en la innovacion de los..
La empresa ha implementado nuevos métodos de..

Se agregaron materiales, mano de obra o herramientas. .

Se han buscando nuevas formas de llegar a los clientes.

Se brindan nuevos productos o servicios dependiendo de..

Se han creado alianzas estratégicas con otras empresas. .

Se ha recibido apoyo de alguna institucion externa para..

La empresa cuenta con un equipo de trabajo que se..

La empresa tiene un presupuesto asignado al area de..

La empresa ha adquirido maquinaria y equipo de Gltima. . s
0% 10% 20% 30% 40% 50% 60%

HSiempre  ®Algunas veces Cuando se necesita ®Pocas veces B Nunca

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%).

Se han hecho varias ventas a través de.. INNEGNGS0VaNNNIEY 37%
Se brinda el servicio de paqueteria para.. IENENENZ2YNNISYZN 43%
Se utiliza una plataforma de atencion a.. INENENESEVNNNINIOYGN 45%
Se tiene algtin dispositivo electronico. . INNEEGEGEGNESAYZNOY 37%
Se ha realizado el cobro automatico por. . IINS0YGNNI2Y%6 38%
Se cuenta con una pagina de Internet o. . ININEGNGSYNNNNNNY " 30%
Se tiene un software especializado sobre. . NGNS 32%
Se tiene alguna computadora, tableta u.. IEEN7ZEYCNNNNGY% " 18%
Conexion a Internet dentro de la empresa. NS YN5%9%
0% 20% 40% 60% 80%  100%

B S¢ que es y se usa en la empresa ® Podria aprender a usarlo
No se usa en la empresa

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.

Capacitacion del

personal.
30%
25% Adgquisicion de
Ninguno. 20% nuevos
1 conocimientos.
1000

Utilizar las
herramientas
informéticas para

mejorar la...

Inversion de capital y
equipos tecnoldgicos.

La obtencion de
nuevos clientes para La resistencia al
generar ingresos que cambio.
permitan la...

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):

Table 4
Reasons to implement Industry 4.0

Reasons in favour Reasons against
e Because you can have greater ® Because there are no specialists in the
accessibility to  the  company's state of Tlaxcala.
information. e Because there are not enough

resources for its implementation.

e To have a more complete team and :
e Because there is not enough

provide a better service to customers.

: . ) knowledge.
° Tto provide betta:r stra:ﬁglc solqtlons to e Because of the high cost of the
customers an us InCrease technology.

competitiveness.

e [t 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.
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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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SMEs Small and medium-sized enterprises
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