
Retos, 12(23), 2022
Revista de Ciencias de la Administración y Economía | p-ISSN: 1390-6291; e-ISSN: 1390-8618 

www.retos.ups.edu.ec

Quality, knowledge, and innovation of 
manufacturing processes in Ciudad Juárez, Mexico
Calidad, conocimiento e innovación de procesos de manufactura en 
Ciudad Juárez, México
Dr. Ulises Mendoza-Arvizo is a professor and researcher at the Autonomous University of Ciudad Juárez (México)  
(ulises.mendoza@uacj.mx) (https://orcid.org/0000-0003-2980-6449)

Dra. Fany Thelma Solís-Rodríguez is a professor and researcher at the Autonomous University of Ciudad Juárez (Méxi-
co) (fany.solis@uacj.mx) (https://orcid.org/0000-0003-2147-9826)

Abstract

Quality consists of the standardization of manufacturing processes, the establishment of controls in operations and continuous improvement, in turn, 
knowledge promotes process innovation, so the constant learning in companies allows them to stay competitive in the market. The objective of this research 
is to determine the relationship of significance between quality and knowledge in the innovation of production processes in the manufacturing industry in 
Ciudad Juarez, Mexico. The study was correlational, cross-sectional with a quantitative approach using the factor analysis method and the modeling of 
structural equations using the survey technique. The sample was 236 valid questionnaires applied in 30 industrial companies in the maquiladora sector 
in the locality. The results of the convergent validity test showed that the variables are correlated and that according to the values of the average variance 
extracted the correlation is strong, likewise with the indicators of goodness-of-fit was obtained the degree to which the model predicts the correlations, in 
this case, what is observed in the data corresponds to some extent to what was proposed in the model. The relationship between quality, knowledge and 
innovations is positive and significant, so the research hypothesis is not rejected. Strategies implemented to improve quality and manage knowledge have a 
positive effect on the development of process innovations.

Resumen

La calidad consiste en la estandarización de los procesos de manufactura, el establecimiento de controles en las opera-
ciones y la mejora continua, a su vez el conocimiento promueve la innovación en los procesos, por lo que el constante 
aprendizaje en las empresas les permite mantenerse competitivas en el mercado. El objetivo de esta investigación es 
determinar la relación de significancia entre la calidad y el conocimiento en la innovación de los procesos de producción 
en la industria de manufactura en Ciudad Juárez, México. El estudio fue de tipo correlacional, transversal con enfoque 
cuantitativo mediante el método de análisis factorial y el modelo de ecuaciones estructurales utilizando la técnica de 
encuesta. La muestra fue de 236 cuestionarios válidos aplicados en 30 empresas industriales del sector maquiladora en 
la localidad. Los resultados de la prueba de validez convergente mostraron que las variables están correlacionadas y que 
conforme los valores de la varianza media extraída la correlación es fuerte. Con los indicadores de bondad de ajustes se 
obtuvo que lo observado en los datos corresponde con lo que se propuso en el modelo. La relación entre calidad, cono-
cimiento e innovaciones es positiva y significativa, por lo que la hipótesis de investigación no se rechaza. Las estrategias 
que se implementen para mejorar la calidad y gestionar el conocimiento pueden tener un efecto positivo en el desarrollo 
de las innovaciones de proceso. 
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1	 Introduction

Of the 131 countries that make up the classification of the Global Innovation 
Index 2020, Mexico occupies position number 55; from upper-middle income coun-
tries, 11th place; and from Latin America, the second position after Chile (Cornell 
University, INSEAD and WIPO, 2020).

The foregoing shows that it is necessary to continue promoting innovation in eco-
nomic activity since with it is possible to increase quality standards and the region’s 
competitiveness. Therefore, continuous improvement in processes and products is nec-
essary, as well as the search for factors that help generate greater innovation (García et 
al., 2014). In this regard, the Organization for Economic Cooperation and Development 
[OECD] states the following:

What seemed like effective innovation strategies (for example, policies designed to strengthen 
the R&D capacity of local companies) are no longer sufficient in the current environment. 
The more open and global nature of innovation makes innovation policies more difficult to 
design and implement at the national level alone. Such challenges are further complicated 
by new phenomena such as global value chains and the fragmentation of production, the 
growing role of global corporations, and the ICT revolution. (Primo et al., 2013, p. 1)

According to Villarón et al. (2012), innovation is the creation and improvement of 
products and/or processes based on creative ideas; that is to say, its implementation is 
a complex, crucial and high-priority process for companies (Schmuck & Benke, 2020). 
Haro et al. (2017) maintain that innovation has to do with a change that provides some-
thing new, which can be useful for those who require it or even for the environment, 
which is the result of intelligent thoughts that provide a long-term benefit.

Schumpeter (1943) went so far as to affirm that innovators have control over what 
they have created, and this allows them to have an advantage over their competitors, 
which is why innovation is considered a key element in economic growth. For this rea-
son, Maldonado-Pinto and Portilla-Barco (2020) assure that innovators or managers 
must be aware of the importance of innovation processes in companies and create the 
right environment to stimulate ideas and projects in the development of improvements 
and inventions. 

Garcia et al. (2014) argue that one of the reasons why organizations decide to 
innovate is that it allows them to satisfy their customers with products of better quality, 
durability and price. Meanwhile, Alemayehu et al. (2020) argue that companies develop 
innovations because it is one of the main reasons for achieving high performance. In 
this way, innovation generates added value in traditional production processes due to 
the implementation of improvements, which results in better-elaborated products, cost 
reduction, and increased productivity, with which a better positioning of the compa-
ny in the market can be achieved. (Fernández et al., 2013). Even Onufrey and Bergek 
(2020) comment that innovation is the response of companies to technological changes 
and commercial pressures from the industrial sector in which they operate. Thus, the 
sequential process of innovation begins with the knowledge and conception of a cre-
ative idea, to then follow strategies until its implementation (Hyvärinen et al., 2020).

García-Fernández (2016) points out that there are certain agents that influence 
innovation, among them are “strategic planning, finance, rivalry in the technology sec-
tor, size, culture, degree of collaboration” (p. 45), the author himself has focused his 
attention on quality and knowledge management as additional dimensions, pointing 
out that both foster innovation. In this regard, there are studies that relate quality to 
the development of new products, and even show a significant relationship between 
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quality and innovation (López et al., 2009). However, there are few studies that joint-
ly address the relationship between quality, knowledge and innovation (McAdam & 
Leonard, 2001).

Miller and Shamsie (1996) state that innovation is an exploration strategy, since 
it allows resources to be directed towards improving inputs based on knowledge of the 
production process in the industry. Studies such as those by Paula and Silva (2017) 
even show that company innovation increases when there is a balance between internal 
investment in research and development, specialized education of human resources, 
and the collaboration of interest groups.

Regarding quality, in companies, the strategies on it translate into redesign or 
reengineering of processes to achieve a strategic positioning (González & Ortega, 
2011), by virtue of the fact that quality provides new ways to improve processes and 
products, which is why organizations commit to continuous improvement process-
es (Ramos, 2018). In fact, quality is one of the strategies most used by companies to 
achieve sustainability and competitiveness (Hernández et al., 2017).

Quality is measured in standards and control parameters of the characteristics 
that a process or product must have, which are established to be effective (Sosa & 
Martín, 2015). Gimenez et al. (2014) note that the advantages of implementing quality 
strategies are: compliance with customer expectations, improvement of production 
processes, analysis and correction in production, as well as fostering a culture of con-
tinuous improvement. Therefore, quality and innovation are tools that companies use 
to improve their performance (Carranza et al., 2020).

In this regard, it is required that organizations adopt and generate an attitude of 
continuous change and that all departments and functional areas cooperate to improve 
performance, quality and cost reduction (Fajardo et al., 2012). In this sense, quality ori-
ented towards changes and continuous improvement, as well as innovation, are strat-
egies that companies implement to maintain their level of competitiveness (Bourke & 
Roper, 2017). In turn, knowledge allows companies to be in constant learning, hence 
Sosa and Martín (2015) suggest that its management and implementation as a strategy 
provides solutions and encourages continuous improvement in production processes.

In the study by Quezada-Sarmiento et al. (2019) it is pointed out that quality in 
companies responds to factors related to the management of products and processes, 
as well as a knowledge system, fluid communication and an innovation approach. 
Ganguly et al. (2020) highlight that knowledge comprises an integral part of the strate-
gies of businesses and organizations, since it helps their growth and innovation in the 
market, with which they can obtain a competitive advantage.

Knowledge is a faculty and aptitude that is used when thinking, it consists of 
the interaction of an individual with reality through their senses, this information is 
processed with the aim of using it later (Gómez et al., 2014). In companies, knowl-
edge management allows them to develop skills to face their competitors (González & 
Álvarez, 2019) and as a basis for economic growth (Villarón et al., 2012).

Knowledge management consists of planning, coordinating and controlling the 
information and learning that occurs within companies with daily interaction, which 
implies the management of three resources: talent, knowledge itself and collective 
experience (Pérez & Perez, 2004). This knowledge management allows the skills and 
talents of workers to be transformed into problem solving (Sosa & Martín, 2015).

Gomez et al. (2014), as well as Solleiro and Colin (2017) mention that it is the 
employees who end up perfecting and developing skills and techniques learned in daily 
experience until they become innovations. Therefore, if a company develops compe-
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tence in knowledge management, it will be more innovative in the business environ-
ment (Rojas & Torres, 2017).

Thus, knowledge is considered as a fuel that allows the prosperity and develop-
ment of companies through the dissemination of creative and innovative knowledge 
(Fagiolo, 2012). For this reason, Pérez and Pérez (2004) suggest that companies pro-
mote organizational processes with the aim of generating a synergistic combination 
to increase the capacity to innovate and process information, as well as the creative 
ability of people and collective knowledge. For small companies that lack a research 
and development department, knowledge management is also an important factor in 
generating innovation (Parrilli et al., 2020), as they can stand up to their competitors 
(Hossain, 2020).

Meanwhile, Kurniawan et al. (2020) point out that companies must improve qual-
ity through a greater exchange of knowledge in favor of factors such as the capacity for 
innovation. In this regard, Ganguly et al. (2019) analyzed the quality, knowledge, and 
capacity for innovation, and concluded that the role played by the exchange of knowl-
edge in determining the capacity for innovation of an organization is important.

In addition, Honarpour et al. (2018) examined the relationship between total qual-
ity management [TQM] and knowledge management [KM] and its effect on process 
and product innovation through a survey of 190 directors of research and development 
units [ R&D] in Malaysia, then did a structural analysis; the results revealed that there 
is a reciprocal relationship between total quality management and knowledge manage-
ment, as well as an association with the innovation of processes and products, that is, 
companies are not only capable of managing their activities efficiently, they can also 
function effectively in innovative ways.

Quality strategies allow the standardization of production and manufacturing 
processes, as well as the establishment of controls in operations, thereby generating 
knowledge for self-learning and continuous improvement. Therefore, to respond to 
the challenges of competitiveness, as well as the uncertain and dynamic environment, 
knowledge is a factor that is capitalized for problem solving and strategy formula-
tion, since according to Urgal et al. (2011), some studies show a positive relationship 
between knowledge and innovation as a result of the application of certain practices of 
creating and transferring.

Meanwhile, innovation causes organizational changes that allow companies to 
increase productivity (Camacho et al., 2020) and is related to improvements in pro-
duction processes (Kim et al., 2012). Ramos (2018) argues that companies see quality, 
knowledge and innovations as essential activities to achieve high performance and 
better positioning in the industry, they are also important because they create a com-
petitive advantage by making imitation difficult (Barasa et al., 2017).

This is how innovation in companies raises the need to identify the factors that 
contribute to its development, as is the case of knowledge and quality. Hence, the 
research question is: Is there a significant relationship between quality and knowl-
edge in the generation of process innovations in manufacturing companies in Ciudad 
Juárez, Mexico? In this way, the objective of the research focused on determining the 
significance of the relationship between quality and knowledge in the generation of 
process innovations in manufacturing companies in Ciudad Juárez, Mexico. 

2	 Materials and method

This research is correlational, cross-sectional with a quantitative approach. 
Correlational because it is intended to demonstrate the significant relationship 
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between different variables. Cross-sectional, since the information was collected on a 
single occasion. It is not experimental because the information is examined without 
altering variables and it is ex post facto because the events that have already occurred 
were examined.

The research element was the manufacturing industry in Ciudad Juárez, Mexico, 
especially the sector called maquiladora, which is characterized by the work of product 
assembly. This sector is made up of 327 factories distributed in different industrial 
parks in the locality, according to information provided by Index Juárez, Asociación de 
Maquiladoras, A.C.

The hypothesis of this research is that quality and knowledge contribute signifi-
cantly to the generation of process innovations in manufacturing companies in Ciudad 
Juárez, Mexico. In order to contribute to the correlation analysis, a structural model 
was previously designed, which is included in Figure 1.

Figure 1

Structural model composed of the variables quality and knowledge, which  
promote process innovation in the manufacturing industry in the  
maquiladora sector

The data collection technique was the survey. The instrument used consisted of 
an 11-question questionnaire with a five-point Likert scale. The questions were divided 
into three sections. The first were questions related to the quality variable, which are 
based on the Molina-Castillo and Munuera-Aleman (2009) criteria; Jiménez-Jiménez 
and Sanz-Valle (2011); and Song et al. (2011). These questions address the quality pol-
icies followed by the company in the production of its products, as well as the proce-
dures necessary to implement continuous improvement systems in a process, the use 
of Six Sigma, statistical process control, and other tools for quality.

In the second section, questions regarding the knowledge variable were included, 
according to the criteria of Jiménez-Jiménez and Sanz-Valle (2011); Chen et al. (2009) 
and Zhang et al. (2009), who refer to aspects related to the academic level, the technical 
skills of the employees, as well as the acquisition and application of knowledge for the 
development of innovations in the processes.
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In the third section, innovation in processes is included. The questions about this 
variable were based on the studies by Pla-Barber and Alegre (2007); Chen et al. (2009); 
Jiménez-Jiménez and Sanz-Valle (2011); and Laforet (2008), these questions focus on 
the number of innovations in the processes that were carried out, the improvements 
made, the inclusion of machinery and the automation of processes, as well as questions 
about company data, such as the size and line of business or economic activity.

Regarding the validity of the instrument, this was carried out through a pilot 
test of 40 applications of the questionnaire, as suggested by Levy and Varela (2003). 
Cronbach’s Alpha for this pilot was 0.96, which is greater than the 0.70 minimum valid-
ity index suggested by Hair et al. (2010).

Once the questionnaire was applied, the data was captured and analyzed in the 
Statistical Program for the Social Sciences [SPSS]. In the first stage, those question-
naires that presented missing data were eliminated, for which a total of 236 surveys 
were obtained. Then, to check if the sample was adequate for an Exploratory Factor 
Analysis [EFA], the Kaiser-Meyer-Olkin and Bartlett’s sphericity tests were performed, 
as well as the Varimax rotation method for understanding the correlation matrix, as 
suggested by Levy and Varela (2003).

The measurement instrument was applied in 30 companies of the maquiladora 
industry in Ciudad Juárez. 250 questionnaires were obtained, of which 14 were elimi-
nated because they were not answered completely, therefore a total of 236 valid ques-
tionnaires were obtained.

3.	 Results

Cronbach’s Alpha index was 0.965, which indicates that the instrument was reli-
able because this test has to exceed the value of 0.70, which is the minimum recom-
mended value. Likewise, the same index was determined for each variable, the results 
are shown in table 1.

Table 1

Cronbach’s alpha by variable

Variable Cronbach’s Alpha

Quality 0.849

Knowledge 0.819

Process innovations 0.904

Note. Cronbach’s Alpha values for the independent variables of quality and knowledge, as well as the dependent 
variable of process innovations.

The sample adequacy test using the Kaiser, Meyer, and Oklin [KMO] coefficient 
was carried out, with which a significance of 0.926 was obtained, which shows that 
the variables are correlated in the measurement instrument, that is, the variables are 
grouped into the factors they belong to. Regarding Bartlett’s sphericity test, a signif-
icance tending to zero was obtained, which indicates a correlation between the vari-
ables of the questionnaire without collinearity between them and a pertinent factorial 
analysis. Next, the structural model of the study is shown in Figure 2.
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Figure 2

Structural model that includes the significance values of each component of the in-
dependent variables of quality and knowledge, as well as the correlation values with 
the dependent variable of process innovation and its respective components for the 
manufacturing industry in the maquiladora sector

With the purpose of corroborating the information, a confirmatory analysis was 
carried out in the AMOS program, through which the causal relationship between 
the study variables was established. Table 2 is included below with the convergent 
validity data.

Table 2

Convergent validity

Variable Item AVE l l (Average)

Quality

C1

0.611

0.706

0.78
C2 0.808

C3 0.756

C4 0.851

Knowledge

K1

0.585

0.693

0.772K2 0.784

K3 0.813
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Variable Item AVE l l (Average)

Process innovation

I1

0.688

0.776

0.828
I2 0.851

I3 0.872

I4 0.816

Note. Convergent validity shows the causal relationship between the study variables.

The convergent validity test of table 2 is used to demonstrate that the variables 
that belong to or are grouped in the same construct are correlated. Table 2 shows the 
values of the average variance extracted (AVE), which are greater than 0.5, this indi-
cates that there is a strong correlation, as suggested by Hair et al. (2010), therefore, 
there is a convergent validity for the variables of the structural model.

The goodness-of-fit indicators show the degree to which the model predicts the 
correlations, that is, that what is observed in the data corresponds to a certain extent 
with what was proposed in the model. One of the indicators is the CMIN/DF, which 
has a value of 1.807, which means that the data support the relationships between the 
variables, this is because the value of this indicated is less than 4, while the indicators 
of Comparative fit such as NFI, CFI and TLI should have values close to 0.95.

According to the values obtained, the model is valid, since the goodness-o-fit (GFI) 
must have a value close to 1 to indicate that the model is well adjusted, while the cor-
rected goodness of fit index (AGFI) is an extension of the GFI and displays the model 
fit and degrees of freedom. Regarding the root mean square residual of approximation 
(RMSEA), it must have values between 0.05 and 0.08, the value obtained in this study 
was 0.059, which means an approximation value of the model with the population and 
not with the sample.

The results show that there is a positive and significant relationship between the 
variables of quality and knowledge with process innovation, therefore the research 
hypothesis is not rejected. It is possible to assume that the strategies implemented to 
improve quality and manage knowledge can have a positive effect on the development 
of process innovations.

Knowledge positively and significantly affects the development of innovations, 
while this variable is favorable to the company’s performance. In any case, if activities 
and strategies aimed at knowledge management are carried out within companies, it 
will promote the development of innovations and productivity.

Meanwhile, the results of the research show that quality is a preponderant and 
highly significant factor in the development of process innovations due to the strategies 
implemented for continuous improvement in manufacturing processes.

4.	 Discussion and conclusions

This research confirms the results of the study carried out by Quezada-Sarmiento 
et al. (2019) where they state that quality and knowledge are positively and significantly 
related to process innovation. Regarding knowledge, it coincides with the statements 
of Ganguly et al. (2020) by pointing out that quality, knowledge and innovation are 
positively related.

It should be taken into account that companies today face an intense level of 
competition, which requires companies to be more innovative (Gómez, 2016). Hence, 
it can be affirmed that the variables of quality and knowledge strengthen the process 
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innovation development model, that is, those companies that strategically manage 
quality and knowledge will have greater possibilities of facing the changing and com-
petitive environment of the market. Therefore, as González and Álvarez (2019) suggest, 
knowledge is a tool that helps companies to generate strategies that cannot be imitated 
by their competitors, which in turn contributes to increasing their productivity (Pérez 
& Pérez, 2004).

This study confirms the interaction of quality and knowledge variables with 
respect to process innovation for development in the manufacturing industry of the 
maquiladora sector. The results are valid due to the statistical analysis of the informa-
tion and the measurement instrument used. In this way, quality is a factor that affects 
production processes, thus increasing the performance of companies (Ramos, 2018), 
being a strategy used to achieve business sustainability (Hernández et al., 2017).

The model proposed in this research shows that knowledge and quality have an 
effect on the development of process innovations, since the positive and significant 
correlation can be increased by developing the appropriate strategies to improve 
performance.

The results confirm that companies must learn, apply and transfer knowledge in 
order to respond promptly to changes in the environment and new opportunities in the 
market, as it is a key factor in the development of innovations. Thus, high performance 
in companies requires greater training and implementation of knowledge management 
and quality strategies aimed at developing innovations.

Finally, it is suggested to corroborate the robustness of the model and the correla-
tions of the constructs in other types of industry and contexts or markets, with the pur-
pose of analyzing the behavior of the variables under study in different circumstances. 
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