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It is confirmed that the analysis of differences using ANOVA helps identify key factors underlying the 
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have incorporated ICTs to a greater extent into their organizational management, production-sales, purchasing, 

and collection activities; however, based on the ANOVA, it was found that there are no significant differences 

between the means of the level of ICT adoption among the economic units studied in the three municipalities in 

the eastern part of the State of Mexico; therefore, geographic location is not a determining factor for the 

differences found. 
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Abstract  
 

This chapter presents the results of a study measuring the level of adoption of information technologies 

and computer systems in the operations and resource management of 25 micro and small enterprises 

(MSEs) located in the municipalities of Atlautla, Ozumba, and Tepetlixpa in eastern Mexico State. The 

study employed a quantitative, cross-sectional, descriptive-comparative design, using mean differences. 

Data collection utilized items from the sixth dimension of the instrument developed by the Latin 

American Network of Administration and Business [RELAyN], [Aguilar, et al., 2018] which included 

dichotomous and Likert-scale questions. The results support proposals aimed at strengthening the digital 

capacity of MSEs in rural and semi-urban areas, emphasizing public policies that improve digital 

infrastructure and facilitate access to technological training, as well as fostering partnerships between 

higher education institutions in the region and the productive units. 
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Resumen 
 

El capítulo muestra los resultados de la medición del nivel de adopción de tecnologías de la información 

y sistemas computacionales en las operaciones y administración de recursos de 25 unidades económicas 

micro y pequeñas (MyPES) ubicadas en los municipios de Atlautla, Ozumba y Tepetlixpa al Oriente del 

Estado de México. El estudio se realizó a partir de una investigación cuantitativa, de diseño transversal 

– descriptivo-comparativo por diferencias de medias. Para la recolección de datos se utilizaron ítems de 

la sexta dimensión del instrumento diseñado por la Red Latinoamericana de Administración y Negocios 

[RELAyN], [Aguilar, et al., 2018] con preguntas dicotómicas y de escala de Likert. Los resultados 

permiten sustentar propuestas dirigidas al fortalecimiento digital de MyPES en zonas rurales y 

semiurbanas, enfatizando en políticas públicas que mejoren la infraestructura digital y faciliten el acceso 

a capacitación tecnológica, así como a impulsar alianzas entre Instituciones de Educación Superior de la 

zona y las unidades productivas. 
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Introduction 

 

The adoption of information and communication technologies (ICT) and computer systems in the 

management of resources and operations of micro and small enterprises (MSEs) is a key factor in 

improving their performance, competitiveness [Yuwono et al., 2024] and capacity for innovation in the 

so-called digital age, which has transformed the rules of competition and business survival. In Mexico, 

MSEs are a fundamental pillar of the economic fabric—micro-enterprises account for 95.4% of all 

economic units [INEGI, 2025]—generating employment, income and local development. However, their 

survival and growth depend largely on their ability to adapt to the technological changes imposed by the 

digital age. 

 

The use of ICT has become a determining factor for micro and small enterprises, facilitating 

process optimisation, cost reduction and access to new markets [Cuevas-Vargas & Parga-Montoya, 

2018]. However, its integration is not always easy, as it requires knowledge, infrastructure and an 

organisational culture that is favourable to change. In 2024, according to the National Survey on the 

Availability and Use of Information Technologies in Households (ENDUTIH), the percentage of internet 

users in our country for sales was 11.2%, while in 2023, it reached 11.8%. On the other hand, internet 

use for banking transactions stood at 30.3% and 27.3% respectively in the same periods [INEGI, 2024]. 

 

Regarding the use of accounting packages, the National Survey on Productivity and 

Competitiveness of Micro, Small and Medium-sized Enterprises (ENAPROCE) revealed that only 2.4% 

of micro-enterprises use them to keep their records and manage resources, in contrast to the percentage 

of use by small enterprises, which stood at 33.5%. As additional data, it is noteworthy that 21.6% of 

micro-enterprises indicated that they use a notebook or notepad to keep their records [INEGI, 2018], 

revealing that there is a gap in the level of ICT use among these enterprises. 

 

Information and Communication Technologies (ICT) refer to the set of tools, devices, networks 

and applications that enable the management, transmission and processing of information [Ferrer-

Dávalos, 2021]. These technologies include traditional computer systems as well as digital platforms, e-

commerce, artificial intelligence, cloud services, and business information systems, the integration of 

hardware, software and databases, aimed at supporting both operations and decision-making and 

organisational management. 

 

Cuevas-Vargas et al. [2015] define them as a set of software, hardware, telecommunications and 

information management technologies, as well as devices and applications used for the creation, 

production, analysis, processing, distribution, retrieval, storage and transformation of information, within 

and between organisations. The adoption of ICT in SMEs refers to the incorporation of these technologies 

into production and administrative processes [Buenrostro, E., 2022], for the fusion of data between 

departments through ERP systems, as well as to access global markets and customers [Yuwono et al., 

2024]. It should be noted that the terms adoption and use will be used interchangeably throughout this 

chapter. 

 

The use of ICT in companies depends on various factors, including costs, income, age, 

motivation, skills and abilities to manage these technologies on the part of owners, managers, 

administrators and employees of economic units, and even resistance to change [Hernández-Gracia et 

al., 2019]. Some studies have found that aspects such as management support, culture, the regulatory 

environment [AlBar & Hoque, 2019], performance expectations, management creativity and innovation, 

organisational size [Ibrahim et al., 2018], and even the recognition of opportunities [Cunningham et al., 

2023] have a significant relationship with the adoption of ICT in small businesses. 

 

Most studies on ICT use have focused on large companies in highly developed countries [Cuevas-

Vargas & Parga-Montoya, 2018]. In Mexico, there is no specific information regarding the levels of 

technological incorporation [Buenrostro, E., 2022] of micro and SMEs. Studies were found that identify 

the factors that facilitate and limit the use of ICT in small and medium-sized organisations based on 

quantitative analyses with linear regressions Cuevas-Vargas et al. [2015], structural equations [Aguirre, 

2018], an impact study applying ANOVA analysis [Flen, et al., 2025], and a qualitative analysis using 

the fuzzy set comparative method [Cunningham et al., 2023]. 
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The search for the determining factors for technology adoption in small and medium-sized 

organisations has led to the development of various analysis models, including the Technology 

Acceptance Model (TAM) versions 1 and 2, as well as the Unified Theory of Acceptance and Use of 

Technology (UTAUT) with its respective modifications 2 and 3 [Aguirre, 2018], the DeLone & McLean 

(D&M) model, the theory-technology fit model [Álvarez et al., 2014], and even systemic analysis to 

determine the technological potential of Latin American micro and small enterprises [Aguilar, et al., 

2018], all agreeing that the adoption of ICTs in organisations depends on various factors and takes place 

in different stages. 

 

At the regional and local level, the study by Saavedra and Tapia [2013] aimed to determine the 

level of use of information and communication technologies in micro, small and medium-sized 

enterprises in the industrial sector, finding that most of these companies do not apply information and 

communication technologies in their production processes. Sánchez et al. [2018], in a sample of 519 

micro and small enterprises in the municipalities of Atlautla, Ozumba and Amecameca, found that 32.6% 

use some specialised programme to manage or carry out their production, while 26.5% do not use 

computers for personal or work purposes. 

 

This research applies descriptive analysis and one-way analysis of variance (ANOVA) to perform 

a comparative analysis of the level of ICT adoption in three municipalities located in the eastern part of 

the State of Mexico. Considering that ANOVA is a statistical method used to determine whether there 

are significant differences in the means of a dependent variable between multiple groups [Flen, et al., 

2025], the study contributes this additional method since descriptive studies tend to show only the 

behaviour of variables in terms of percentages; in this case, a measurement of the level of ICT adoption 

by means is provided, and ANOVA is used to identify possible significant differences between the means 

of the three study populations. 

 

On the other hand, the statistical data from the economic surveys and censuses and the research 

cited in this paper do not refer to the level of ICT use in micro and small enterprises by municipality, 

information that is necessary for the digital strengthening of MyPES in rural and semi-urban areas. 

Therefore, the following research questions are posed: What is the average level of ICT adoption by 

MyPEs in Atlautla, Ozumba and Tepetlixpa? Are there significant differences in the means of ICT 

adoption levels among MyPEs in Atlautla, Ozumba and Tepetlixpa? To answer these questions, the 

following working hypotheses were established: 

 

H0: There are no significant differences in the means of the three groups. 

 

𝐻0=   𝜇𝐴𝑇  =   𝜇𝑂𝑧 =   𝜇𝑇𝐸                                                                                               [1] 

 

H1: At least one of the socks is different from the others. 

 

𝐻0=   𝜇𝐴𝑇  ≠ 𝜇𝑂𝑧,   𝜇𝐴𝑇 ≠ 𝜇𝑇𝐸, =   𝜇𝑂𝑧 ≠ 𝜇𝑇𝐸                                                                               [2] 

 

The objective is to measure the average level of ICT adoption by micro and small enterprises 

located in the Mexican municipalities of Atlautla (AT), Ozumba (OZ) and Tepetlixpa (TE), using a one-

factor ANOVA methodology to find statistically significant differences. 

 

Methodology 

 

A quantitative, cross-sectional study was conducted with a descriptive-comparative scope of the level of 

ICT adoption by differences in means between the three groups of economic units according to their 

municipality of origin, applying the ANOVA methodology. Section 6 of the questionnaire 

‘Technological profile of micro and small enterprises in Latin America’ designed by the Latin American 

Network for Business and Management Studies [RELAYN], [Aguilar, 2018], was adjusted as an 

instrument. The questionnaire used contains 11 items on a Likert scale from 1 to 5 and 17 dichotomous 

items. Its reliability and consistency were confirmed with a Cronbach's alpha statistic of 0.93. 

 

The data was collected in October of this year in person from owners and/or managers of 25 

economic units with between 1 and 20 employees, thus complying with the stratification criteria for 

micro and small enterprises (DOF, 2009).  
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The sampling was stratified random according to the number of micro and small economic units 

established in each municipality. The Forms application was used for data capture. The information was 

analysed using a spreadsheet and SPSS statistical software. The level of ICT adoption was measured by 

considering the frequency of its use for organisational management, production-sales, purchasing and 

collection (Table 1). 

 

Box 1 

 

Table 1 

Conceptual and operational definition of variable 

    

Variable Conceptual definition Operational definition Ítems 

Level of ICT 

adoption. 

Status of incorporation of 

information and 

communication technologies 

by micro and small economic 

units into their production 

and administrative processes 

[Buenrostro, 2022], for data 

fusion between departments, 

as well as for accessing 

global markets and 

customers. [Yuwono et al., 

2024]. 

Average frequency of 

ICT use for 

organisational 

management, 

production-sales, 

purchasing, and 

collection activities. On 

a scale of 1 to 5, where 1 

is never and 5 is always. 

45a, 45b, 

45e, 45d, 

45h, 45i y 

45c. 

    

Source: Own Elaboration 

 

To confirm the integration of items denoting the use of ICT in organisational management, 

production-sales, purchasing, and collection, a factor analysis was performed, which showed a Kaiser-

Meyer-Olkin (KMO) of 0.84, with a significance of 0.000, confirming the four activities in which 

MSMEs incorporate ICT into their processes (Table 2). 

 

Box 2 

 

Table 2 

Matrix of rotated components of activities in which ICTs are used 
 

Items 1 2 3 4 

45e. I use machinery or software to produce products or 

perform services. 

0.84 0.30 0.29 0.27 

45d. I use specialised machinery or software to sell to or 

serve my customers. 

0.77 0.23 0.41 0.38 

45i. I make purchases online using my mobile phone. 0.10 0.92 0.27 0.16 

 0.44 0.84 0.17 0.05 

45h. I shop online using my computer. 0.36 0.32 0.85 0.17 

45b. I use the internet at my business. 0.59 0.31 0.61 0.36 

45a. I use a computer, tablet or similar electronic device to 

manage my business. 

0.30 0.12 0.19 0.92 

. 

Source: Prepared internally using data analysed in SPSS software 

 

Once the grouped variable was integrated, a comparative descriptive analysis was performed 

using averages of the level of ICT adoption expressed through bar and radial graphs, and finally the F 

statistic was calculated using the ANOVA method with an alpha of 0.05, based on the formula. 
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Results 

 

It was found that the total average level of ICT adoption in the economic units of the three municipalities 

was 2.68. The economic units in the municipality of Ozumba have incorporated ICT to a greater extent 

into their organisational management, production-sales, purchasing and collection activities, with a level 

of 3.06, followed by Tepetlixpa with 2.96, while the organisations in Atlautla were below average with 

a level of 2.06 (Figure 1). 

 

Box 3 

 
Figure 1 

Average adoption of ICTs in micro and small enterprises in the three 

municipalities 
Source: Own Elaboration. 

 

Of the four areas in which ICT has been adopted—production-sales, purchasing, organisational 

management, and collections—the highest overall average is for organisational management with 3.10, 

and the lowest is for purchasing with 2.32. It is noteworthy that the level of ICT adoption in MSMEs in 

the municipality of Ozumba is above the total average in three areas, but with greater emphasis on 

organisational management, at 3.75, and only 0.04 points below the total average in the area of 

collections, at 2.80 (Figure 2). 

 

The use of ICT in the four areas of micro and small enterprises in the municipality of Atlautla is 

below the total average level, with the area of purchasing being the one in which technological and 

communication tools are least used, at 1.50, while organisational management has adopted greater use, 

reaching a level of 2.56. MSEs in the municipality of Tepetlixpa incorporate ICTs into production and 

sales to a lesser extent, with a score of 2.44. On the other hand, their use for collection activities reaches 

a level of 4.0, which is 1.16 points above the total average (Figure 2). 

 

Box 4 
 

 
 

Figure 2 

Total average and average by municipality of ICT adoption in each area 
Source: Own Elaboration. 
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In the difference analysis applying the ANOVA test, both in the total mean of ICT adoption and 

in all specific areas of incorporation, a significance value p higher than the established value (alpha 0.05) 

and an F value lower than its critical value were found (Table 3), Therefore, the null hypothesis that there 

are no significant differences between the means of the three groups (AT, OZ, and TE) is not rejected. 

i.e. the results suggest that the level of ICT adoption in MSMEs located in the municipalities of Atlautla, 

Ozumba and Tepetlixpa is homogeneous and the differences observed in the means could be attributable 

to chance or sample variability. 

 

Box 5 

 

Table 3 

ANOVA statistical test results 
 

Area gl Quadratic 

mean 

F Sig. Critical value 

for F 

Total 2.00 2.72 1.35 0.28 3.44 

Pr-Sa 2.00 1.31 0.37 0.69 3.44 

Shopping 2.00 4.92 2.32 0.12 3.44 

OrgMan 2.00 3.66 1.25 0.30 3.44 

Collection 2.00 6.44 2.42 0.11 3.44 

 

Source: Prepared internally using data from SPSS and Excel software. 

 

Conclusions 

 

The research objective was achieved; the descriptive analysis shows that there is a difference between 

the means of ICT adoption levels in SMEs in the three municipalities, highlighting that the economic 

units located in Ozumba have the highest adoption level, while those located in the municipality of 

Atlautla have the lowest adoption level. However, the ANOVA analysis shows that there are no 

significant differences between the averages of the level of ICT adoption. Therefore, the geographical 

location, which was the factor used to divide the economic units, is not a determining factor for the 

differences found. By accepting the null hypothesis, it is understood that these differences can be 

attributed to chance or sample variability. 

 

With regard to the differences found in relation to the studies by Saavedra and Tapia [2013] and 

Sánchez, et al. [2018], who point out that most micro, small and medium-sized enterprises in the 

industrial sector do not apply information and communication technologies in their production processes 

and that 32.6% of micro and small enterprises in the municipalities of Atlautla, Ozumba and Amecameca 

use some specialised programme to manage or carry out their production. This study concludes that the 

companies in the sample are using ICT for production and sales at a level of 2.44 and that the overall 

average use of ICT in the four areas of application is 2.84; considering that the maximum would be 5, 

both levels represent 48% and 54% respectively. 

 

As an improvement, it is suggested that an explanatory analysis be carried out in which different 

factors for group segmentation, such as age or level of education, are considered. A larger sample size is 

proposed in order to replicate the analysis with ANOVA to verify whether the differences found are 

attributable to chance or to sample variability. It is also suggested that a correlational analysis be carried 

out for each group of MyPEs in each municipality in order to identify explanatory variables for the 

behaviour of each study group, thereby contributing in a timely manner to the definition of actions and 

public policies aimed at the digital strengthening of MyPES in rural and semi-urban areas, as well as the 

promotion of access to technological training, an important task for higher education institutions in the 

area. 
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