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Abstract: This article reports a model of structural equations that integrates four latent variables
and six hypotheses among them: Integration of information and communication technology (ICT),
investment in ICT, training in ICT, and operational benefits obtained in the supply chain (SC).
The model is validated with information obtained from 80 surveys applied to manufacturing
companies in the municipalities of Ensenada, Mexicali, Tecate, and Tijuana in Mexico. The information
is validated by the Cronbach alpha index for internal validity and the R-square index for predictive
validity. Partial least-squares algorithms are used to validate the hypotheses in the model and the
results indicate that the integration of technology is the basis for the success of the implementation of
information technologies, and that the application of these guarantees the obtaining of operational
benefits in the productive system.

Keywords: Information and Communication Technology (ICT); Supply chain (SC); Structural
Equation Model (SEM)

1. Introduction

Currently, organizations manage their resources to be more competitive and stay in the globalized
market by following several strategies, including the optimization of the supply chain (SC) [1], which is
integrated by all those parties directly or indirectly involved in the satisfaction of a client’s request [2].
Here, there is an exchange of information with customers and suppliers, and a flow of materials and
economic resources [3], which generates networks of companies, services, and production processes [4].

To achieve the above, effective communication and synchronization is required among members
of the SC. Companies resort to the implementation of information and communication technologies
(ICT), which are defined as a set of elements and techniques that allow the manipulation, storage,
management, transmission, and facilitation of information through the use of computers, software,
and computer networks [5].

One advantage of ICT is that they allow information to be processed and disseminated
simultaneously and in real time [6], since they include integrated information systems, data exploration,
and intelligent systems, among others. Specifically, the application of ICT in the SC can improve the
speed of information exchange [7], which allows for greater agility and flexibility. Similarly, with the
use of ICT, online commercial transactions (e-commerce) are carried out and, because of this, ICT is
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rapidly changing the conventional way to create business enterprises and SC management [8] while
also diminishing SC uncertainty [9].

Another of the applications of ICT in SC refers to the integration of parties involved directly
or indirectly in the satisfaction of a client, such as the reception and fulfillment of the client’s
order [2]. Currently, there are reports relating to ICT importance applied to different stages in the
SC; for example, Yunis et al. [10] report their application in innovation and how it can improve
organizational performance, Moon et al. [11] report the use of ICT in outsourcing and safety programs,
Martino et al. [12] report their application in risk reduction in the SC, and Yuce et al. [13] indicate the
importance of ICT in detecting errors and defects for facilitating material flow along the SC.

Also, ICT applications associated to the services sector are widely reported; for example,
Tob-Ogu et al. [14] report their use in road freight transport, Vogel [15] reports application
in healthcare, and Alt [16] makes an analysis related to ICT uses in education and training.
More specifically, ICT applications in sustainability are reported by Pattinson [17], which demonstrates
the importance of this technology in sustainable operation, focusing on green production and social
responsibility; Asongu et al. [18] report the special case of ICT application in the Sub Saharan
region and Añón Higón et al. [19] report an important global analysis associated to ICT applied
to environmental development.

On the other hand, some companies, due to the lack of ICT use, hardly survive in a global,
dynamic, and changing market [20]. However, poor ICT integration in companies has caused many
markets to be considered as volatile and turbulent, and this has led many organizations with reports
of failures in their implementation to seek to improve their administration [21]. Likewise, these ICT
facilitate SC management in companies that are geographically distributed in different countries and,
in this context, Meindl and Chopra [22] declare that the exchange of information with appropriate
technologies facilitates this process and, in turn, Avelar-Sosa et al. [23] mention that these ICTs favor
SC integration with partners and that their implementation must be carefully planned.

Other benefits gained from ICT use in the SC refers to the flexibility and agility of a better response
to clients, reduction of inventory, and improving the financial structure of the company [24]. However,
Gunasekaran, McGaughey, Ngai, and Rai [8] declare that, when ICT is used, the complexity of the
production process is diminished and Cachon and Fisher [25] mention that companies using ICT
have more visibility in the SC, an easy material tracking process, and better resource optimization
associated to the material flow. In addition, ICT provides an advantage associated with the reduction of
inventories and improves the effectiveness of distribution channels [26]. Therefore, for the company to
have a chance to survive and compete in the current global economy, the manufacturing sector needs to
create, share, and disseminate information, as well as having up-to-date and adequate knowledge [27].
Finally, Valeria Martínez et al. [28] declare that ICT facilitates globalized and geographical distribution
of production systems.

In this context, with the globalization phenomenon of production systems, many foreign
companies are established in Mexico, which are commonly called maquiladoras. These companies
import raw materials from other countries and export them as finished products, where they take
advantage of the low cost of the workforce and their level of experience, proximity to markets,
and tariff preferences, thus, requiring high levels of ICT integration to establish communication
among subsidiaries, manage resources, and monitor the SC, among others. Specifically, in March
2018, there were 5118 maquiladora companies in Mexico, which directly employ 2,634,734 people who
are users of high technological levels in their production and ICT processes. More specifically, in the
Mexican state of Baja California, there are 911 maquiladora companies, which represents 17.79% of
the national total and employs 246,190 people directly. Therefore, it is concluded that this industrial
sector is of vital economic importance for the country and so the research question is: How are
these maquiladora companies planning ICT implementation? Are the benefits offered by these ICT
being obtained?
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Unfortunately, there are not enough studies that address these questions for the maquiladora
industrial sector, so the objective of this research is to know the planning process for ICT in SC and
how are they gaining the operative benefits in the Mexican state of Baja California. To achieve this
goal, the ICT implementation process was divided into three stages: Planning, execution, and control.
This first informing is related activities associated to the planning stage, as well as the impact of ICT
on the benefits gained.

2. Review of Literature and Hypothesis

Although the literature regarding ICT in SC is extensive, usually research focuses on
some of the basic activities and external functions, such as decision making, inventory, and
production programming, among others. According to Avelar-Sosa, García-Alcaraz, Cedillo-Campos,
and Adarme-Jaimes [23] and Rai et al. [29], there are different aspects to consider in planning when
integrating ICT in companies. According to the literature, there are some activities that are subjectively
applied in the development of ICT integration in the SC and that are mentioned below.

2.1. ICT Integration

The support of top management ensures a correct integration of ICT in the administration of the
company’s SC, which implies its good use in the decision making support system [30–33]. In this
context, the studies of dos Reis and Freitas [31] and Kumar, Singh, and Shankar [33] argue that
management commitment is crucial in the decision making of the SC, which is initiated by trust and a
shared attitude, with the senior management team having primary responsibility to provide financial
support and sufficient resources to integrate a functional system.

2.2. Investment in ICT

Investment in ICT is related to the use of capabilities and assets with partners in the SC [34].
The importance of investing in innovation to determine the success and competitiveness of an
organization, in this sense, the planning of investment in ICT, has been underlined [35] when adopting
a system of technological information is positive in the exchange of information in a timely and
relevant manner [36]. Considering that the use of ICT in the productive processes and the SC of the
company, as well as the demand for them, is affected by the amount of investment that is made in this
area, the following hypothesis is proposed:

Hypothesis 1 (H1). The needs of ICT integration in the SC have a direct and positive effect on investment
in ICT.

2.3. Training in ICT

Training in ICT is an element that serves to disseminate important information about an
information system that is implemented in an organization and how it fits into the organizational
environment, allowing users to become familiar with the system and to make good use of it [31].
Therefore, it is observed that training is an important factor for the use of information systems looking
for an internal cooperative environment in the use of the system, as well as a fluid communication
within the company regarding the use of the software by means of the technical support after the
sale [31]. In the work of Autry et al. [37], it is concluded that training in the use of ICT is fundamental
in the beneficial operations of the company.

Therefore, it is concluded that the training of personnel is crucial. Personnel must be provided
with the necessary knowledge to participate more actively in the system of continuous improvement.
This increases confidence at work and helps the company to face new changes and to do them
quickly [1,38]. Likewise, the work of Li and Lin [39] reveals that the management technology
of education and training of personnel helps to integrate ICTs in SC activities. According to
Fuentes et al. [40] and Llach and Alonso-Almeida [41], education and training supports the sharing
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of adequate information and is a great support for the content of technology management, which
helps meet the needs of clients and suppliers; however, it is the responsibility of senior management to
carry out these training plans and follow up on them. Based on the above, the following hypothesis
is proposed:

Hypothesis 2 (H2). The needs of ICT integration in the SC have a direct and positive effect on the training in
ICT required for them.

However, not all ICT have the same forming and training needs and, in this sense, Ngai and
Gunasekaran [42] identified that to implement ICT favorably in the activities of the SC, it is necessary
to invest; in other words, Investment in ICT refers to the purchasing of computer equipment, software,
and media [43]. Therefore, investing in ICT will increase productivity, but it is also necessary to train
staff in new technologies at the business level [43]. Training is important given that investment in ICT
is often complemented by changes in the content and organization of workplaces in companies [44].
Nowadays, companies are more likely to invest in ICT when the proportion of unskilled workers
is lower, which suggests that technology and digital skills are complementary [45], meaning that
investment in ICT allows users to share access to databases, interconnect their workplaces with better
communication, and coordinate business processes with suppliers and clients. Based on the above,
this hypothesis is proposed:

Hypothesis 3 (H3). Investment in ICT in a SC has a direct and positive impact on training in ICT that occurs
in its use and management.

2.4. The Operational Benefits of ICTs Integration

According to Fuentes, Jurado, Marín, and Cámara [40], the benefit of the company is measured
objectively and subjectively by integrating ICT. That is, operational benefits are reflected by the
performance of the company. Kumar, Singh, and Shankar [33], Devaraj et al. [46], and Zailani et al. [47]
mention that the performance of the company helps to reduce costs, to deliver complete information,
rotation, and control of inventories, to maintain flexibility in shipping orders, and to have a quality
service for the customer. In other words, by integrating ICT into activities, the SC is benefited in the
reduction of cycles time, greater flexibility in orders and deliveries, improvement in the administration
of suppliers and clients, decrease in inventory levels, and support in the exchange of information [48].
In addition, when top management plans to integrate ICT into processes, the company benefits
significantly in internal communication, reduced transaction costs, greater interaction with clients and
suppliers, increased productivity, stimulated internal communication, greater operational efficiency
and process improvement, greater access to information on market needs, and, therefore, better
quality, reliability, and accuracy of the information is obtained, which allows appropriate decision
making, leading to a competitive advantage [32,49,50]. Based on the above, the following hypothesis
is proposed:

Hypothesis 4 (H4). ICT integration needs have a direct and positive effect on the operational benefits obtained
by the company.

Investment in ICT affects the performance of the company so top management can plan and
control operations, indicating that investments in ICT brings a competitive performance in the
market and implies investing in equipment. Studies show that it is a recoverable investment,
if its use is optimized [51]. When investing in ICT, the company has greater benefits in better
management and the availability of information in the activities of the company, allows the exchange of
information with clients and suppliers, helps to learn new methods to organize the company, perform
operations in real time, better inventory management, helps streamline processes and flexibility [52],
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and reduces times [53]. In conclusion, investment in ICT is reflected as a beneficial resource to improve
competitiveness [35]. Taking into account these ideas, the following hypothesis is proposed:

Hypothesis 5 (H5). The amount of investment in ICT has a direct and positive effect on the operational benefits
obtained by the company.

Training in ICT is a fundamental part of any process in companies where the best performance
of activities is sought. Workers must be motivated when seeking cooperation from employees,
trying to increase confidence in work as otherwise ICT will not help improve organizational
competitiveness [54,55]. It is desired that human resources have adequate training in terms of
knowledge and management of ICT to seek beneficial operations of the company. This means that
the training in ICT helps to obtain access to more information, obtain better internal communication,
encourage interaction with clients and suppliers, and reduce costs, which allows appropriate decisions
to be made [49]. Based on the above, the following hypothesis is proposed:

Hypothesis 6 (H6). Training in ICT use and management has a direct and positive effect on the operational
benefits obtained by the company.

In Figure 1, the hypotheses in which the analysis variables are related in this research are
graphically represented.
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3. Methodology

The methodology for the validation of the hypotheses presented in this study consists of 5 stages.
According to the objective that has been set for this research, a questionnaire was designed to collect
data, the questionnaire was applied and validated, a descriptive analysis of the sample was done,
then, a descriptive analysis of items was carried out, and, finally, the hypotheses were validated with a
structural equation model. Next, the different stages of this work are described.

3.1. Build Questionnaire

In this stage, we seek to obtain a questionnaire that serves as a tool to collect the appropriate
information and to know the perceptions of the use of ICT in SC by companies located in the state of
Baja California, Mexico. Therefore, for the structure and elaboration of the questionnaire, the following
databases were consulted: Emerald, EBSCO, Elsevier, SpringerLink, and a search engine called
Google Scholar, where the selection of research works was done by using connectors, such as: Small
and medium-sized enterprises (SMEs), information technology (IT), information and communication
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technology (ICT), and supply chains (SC). The initial list covered 145 articles reviewed in the mentioned
databases and, due to the multidisciplinary nature of ICT performance, it was reduced to only 55.
For this search, in each of the databases, the following inclusion criteria, written in English and the
type of journal, were considered.

Once the works related to research were selected, the questionnaire was divided into 6 sections:
The first consists of general information of the company surveyed and of the person responsible for
filling it out, which also allows knowledge to be gained about other things, such as the industrial sector
to which it belongs, the profile of the respondent, and the time of permanence in that position; from
the second to the fourth section, information was collected about planning, execution, and control,
respectively (stages in ICT implementation); the fifth and sixth sections were related to the benefits,
having a total of 91 items (activities and benefits). However, it is important to mention that, in this
research, only the items corresponding to the planning stage were reported, which consists of four
latent variables: ICT integration, investment in ICT, training in ICT, and operational benefits. From the
literature, it is determined that the items that help measure the variables that make up the model in
Figure 1 are those listed below:

1. ICT integration [32,56]:

• Use of ICT in periodic meetings;
• use of ICT in the activities of the company;
• use of ICT in changes within the company;
• use of ICT in business processes;
• use of ICT in decision making; and
• use of ICT in the investment of new products.

2. Investment in ICT [30,33,34,36,43,51]:

• Sufficient computer equipment in your organization;
• sufficient ICT professionals in your organization;
• knowledge required for the use of ICT;
• developer available to give support in the software;
• retrieve information about suppliers, clients, and competitors; and
• collect and process the data to know the needs of the client.

3. Training in ICT [31,55,57]:

• Training for the users of the information technology about the changes, skills, and importance
of the accuracy of the data and responsibilities;

• training for the users of the information system with regular assistance by a formal training
program that meets the required requirements; and

• training for the users of the information system with training teams for each job.

4. Operational benefits [32,33,40,46,47,49]:

• Flexibility in systems to meet clients’ needs;
• strengthen the relationship with suppliers;
• cost competitiveness;
• shorter order cycles; and
• flexibility of response to the client.

3.2. Application and Capture of Information

To apply the questionnaire, a letter was prepared addressed to the main manufacturing chambers
of commerce in the state of Baja California, Mexico, given that, through this agency, the largest number
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of manufacturing companies in the region could be encompassed. This letter explained the objective of
the study and the scope that is intended to be obtained. The survey was digital and was designed with
the Google Docs computer tool in such a way that the user would respond quickly and dynamically.

Responses were in a Likert scale [58] with values between one and five, with one indicating that
the activity is not performed or that the benefit is not obtained, and a five indicating that the activity is
always carried out or that the benefit is always obtained [59]. This scale has been used in productivity
and manufacturing in recent research [23,54,60,61].

A database with the statistical software SPSS 23® (IBM, Armonk, New York, USA), which groups
and represents information in an orderly manner, thus, allowing the identification of characteristic
aspects of the behavior of the treated data [62].

3.3. Debugging the Information Base

Once the information was obtained, it was captured as a database and the initial debugging of the
data was done with EXCEL, which is part of the Office package software, and an analysis of the data
was also carried out. The process for the debugging was to identify the questionnaires with duplicate
answers, then the missing values were replaced by the median, and, finally, the extreme values were
eliminated [63]. The first step was to estimate the variance by line, where values equal to zero were
searched and, therefore, eliminated [64].

The next step was to replace the missing values. The median of each item was calculated, and then
the empty cells were replaced with the median value in the corresponding column. The median and
range are appropriate parameters for analyzing data based on the Likert scale due to the ordinal nature
of the data, which is the case for the present study [65]. Finally, to eliminate any possible extreme
values in the sample, the median and the interquartile range were obtained for their analysis.

3.4. Validation of the Variables

Validation of the captured information was carried out to determine if it is reliable, given that it is
useless to generate a model if the information is not reliable [60]. For the validation of latent variables,
the following indexes were used [66]:

• R squared and R squared adjusted to measure parametric predictive validity, and values higher
than 0.2 were accepted;

• Q squared to measure nonparametric predictive validity, and values greater than zero and similar
to square R were accepted;

• Cronbach’s alpha and composite reliability index to measure the internal validity of the variables,
and values greater than 0.7 were accepted;

• average variance extracted for convergent validity, and values greater than 0.5 were accepted; and
• variance inflation index to measure collinearity, and values less than 3.3 and up to 5 were accepted.

3.5. Descriptive Analysis of the Simple

Once the data was obtained, a descriptive analysis was carried out where the behavior of the
collected information was appreciated. The SPSS 23 ® software, which groups and represents the
information in an orderly manner, allows identification of the characteristic aspects of the behavior
of the data treated [62]. This description refers to the sample where the years of experience of the
respondents are detailed, the position they occupy in the organization, the sector that the company
belongs to, and the number of employees currently working, among others.

3.6. Descriptive Analysis of Items

By means of each of the items in the questionnaires, the central tendency and dispersion of the
data was analyzed. In this investigation, the median was obtained as a measure of central tendency,
given that these data were obtained on an ordinal scale with values from one to five, and represent
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only assessments [67]. The arithmetic mean could not be used because the values were not on an
interval scale [54] and, as a measure of dispersion, the interquartile range of each item was estimated.

3.7. Structural Equation Model (SEM)

Specialized software called WarpPLS 6.0® (ScriptWarp Systems, Laredo TX, USA) was used to
evaluate the SEM in Figure 1 because it uses algorithms based on partial least squares regression (PLS),
as recommended for small samples by [66].

3.7.1. Efficiency Ratios Model

To evaluate the SEM and to know if it is feasible to interpret it, the following efficiency ratios were
evaluated [54,66,68]:

1. The average path coefficient (APC), if the model is efficient and if it has predictive validity, it was
estimated statistically with a p-value equal to or less than 0.05;

2. average R-square (ARS) is a measure of the explanatory power of a model; it was statistically
tested with a p-value equal to or less than 0.05;

3. average adjusted R-squared (AARS), in general measures the prediction and explanation of the
model; it was statistically tested with a p-value equal to or less than 0.05;

4. the average variance inflation factor (AVIF) measures the phenomenon of collinearity between
the underlying variables; the ideal value was less than 3.3;

5. the complete collinearity index VIF (AFVIF) measures the collinearity between internal factors,
with values less than 3.3 being accepted;

6. Tenenhaus Index (GoF) measures the fit of the data to the model; the appropriate value was
greater than 0.36, medium if it was less than 0.25, and small if it was less than or equal to 0.01;

7. Simpson’s Paradox Ratio (SPR), helps to know that the meanings of the relationships were not
wrong, with values above 0.7 being accepted;

8. index of the of R-squared contribution ratio (RSCR) is a measure that expresses that the model is
free of negative R-squared values; values greater than or equal to 0.9 were accepted;

9. index of the statistical suppression ratio (SSR) is a measure that indicates that the relationship
between the variables is positive, with values greater than or equal to 0.7 being accepted; and

10. index of the non-linear bivariate causality direction ratio (NLBCDR) is used to measure if the
directionality between the latent variables is correct, with values greater than or equal to 0.7
being accepted.

3.7.2. Effects of the Model

To indicate the relationships that exist between the latent variables that make up the model,
the impact between them was measured; these effects were validated by considering the following
hypothesis in each parameter value:

H0: βi = 0
H1: βi 6= 0

(1)

The relationship between latent variables was measured in different effects, which are [60,68]:

• Direct effects [60,69] were the effects that indicate the impact between the latent variables, referring
to the initial hypotheses in Figure 1;

• the indirect effects [70] were the indirect impact that exists between the variables, that is, they occur
through a third variable, therefore, at least two segments or more were used [60]. Therefore,
the indirect effect between two variables is given through a mediating variable.

• Total effects, these represent the arithmetic sum of the direct and indirect effects of each of the
relationships [71].
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4. Results

In this results section, the evidence of the validation of the hypotheses between variables,
the descriptive analysis of the sample, and a descriptive analysis of items of the information obtained,
as well as the adjustment of the model of structural equations obtained, is discussed.

4.1. Descriptive Analysis of the Sample

After the process of data cleansing, we worked with 80 valid surveys from different manufacturing
companies in the state of Baja California, Mexico. Table 1 shows the descriptive analysis of the sample,
with the industrial sector of the companies surveyed being indicated. It was observed that the
manufacturing industry is the most representative with 45% participation and that, joining the sectors
of the food industry, as well as the manufacturing of garments, computer equipment, and electronic
accessories, have 35% participation; the rest of the sectors have 20%. In the workplace, supervisors
stand out with 44% participation, followed by managers with 30%, and, finally, department heads
with 26%. Table 2 shows the years in the job, with the majority those who have less than two years in
the position (37%), then those who have two to four years in the workplace (33%), and workers with
more than five years of experience (24%). Men had a greater participation with 68% and, consequently,
women only had 32% participation. It should be noted that all the respondents were working in the
Logistics area.

Table 1. Sector and gender.

Sector Managers Department Heads Supervisors Total

1 Manufacturing industry 8 11 17 36
2 Food industry 4 1 2 7
3 Manufacturing of garments 2 5 0 7
4 Computer equipment 1 1 5 7
5 Electronic accessories 2 1 4 7
6 Plastic industry 1 2 3 6
7 Metal products 2 0 3 5
8 Printing industry 2 0 1 3
9 Non-metallic mineral products 1 0 0 1

10 Furniture, mattresses, and blinds 1 0 0 1
Total 24 21 35 80

Table 2. Years on the job.

Gender
Time

Total
Less Than 2 Years 2–5 Years 5–10 Years More Than 10 Years

Male 18 21 7 8 54
Female 12 6 3 5 26

Total 30 27 10 13 80

4.2. Validation of Variables

According to the results obtained, the values of the coefficients of the latent variables are shown
in Table 3, where it is observed that the adjusted R-squared and R-squared indexes are greater than
or equal to 0.2, therefore, it is concluded that each of the variables had parametric predictive validity.
When reviewing the reliability index and the Cronbach alpha, it is observed that all the variables
have values higher than 0.7 and, therefore, there is internal validity. In the same way, the average of
variance extracted in all the variables was greater than 0.5 and, therefore, the conclusion that there
is sufficient convergent validity. In the same way, the inflation index of variance indicates that there
are no problems of collinearity, with the latent variables having a value less than 3.3., and, finally,
in the Q-squared index, all the variables were greater than zero and, therefore, have non-parametric
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predictive validity. It is important to mention that during this validation process a case has been
eliminated, given that the variance of the emitted values was zero.

Table 3. Validation of latent variables.

Indexes
Latent Variables

ICT Integration Investment in ICT Training in ICT Operational Benefits

R-Squared 0.455 0.604 0.433
Squared R Adjusted 0.448 0.593 0.410
Reliability Index 0.896 0.928 0.95 0.954
Alpha of Cronbach 0.860 0.906 0.922 0.939
Average Variance Extracted 0.591 0.683 0.865 0.806
Variance Inflation Index 2.016 2.377 2.525 1.713
Squared Q 0.451 0.605 0.439

4.3. Descriptive Analysis of Items

The results of the descriptive analysis of items are shown in Table 4 where the median and the
interquartile range are exposed. In the column corresponding to the median, there are nine items
with a value greater than four, which means that, according to the perceptions of the respondent,
these activities are important and are frequently carried out in the companies. In the column
corresponding to the interquartile range, an attribute with the highest value of 2252 is shown;
this means that there were probably doubts when interpreting the question about a developer that
gives support in the software and that is the reason why it has a lot of variability. In the same column,
there is an item with the lowest value of 1500, which refers to the use of ICT in the activities of the
company; in other words, there was much concordance and consensus among the respondents for
this attribute.

Table 4. Descriptive analysis of the data.

Items Median Interquartile Range

ICT integration
1 Use of ICT in periodic meetings. 3.510 1.836
2 Use of ICT in the activities of the company. 4.088 1.500

3 Use of ICT in the necessary changes in collaboration within
the company. 3.788 1.565

4 Use of ICT in business processes. 4.036 1.539
5 Use of ICT in decision making. 4.182 1.656
6 Use of ICT in the investment of new products. 4.107 1.650

Investment in ICT
7 Sufficient computer equipment in your organization. 4.035 1.509
8 Sufficient ICT professionals in your organization. 3.200 1.631
9 Knowledge required for the use of ICT. 3.462 1.707
10 Developer available to give support in the software. 3.316 2.252
11 Retrieve information about suppliers, clients, and competitors. 3.560 1.765
12 Collect and process the data to know the needs of the client. 3.778 1.769

Training in ICT

13
Training the users of information technology in the changes,
skills, and importance of the accuracy of the data and
responsibilities.

3.500 1.834

14
Training the users of the information system with regular
assistance to a formal training program that meets the
required requirements.

3.318 1.953

15 Training the users of the information system with training
teams for each job. 3.468 1.878

Operational benefits
16 Flexibility of the systems to cover the needs of the client. 4.091 1.630
17 Strengthen the relationship with clients. 4.000 1.629
18 Cost competitiveness 4.038 1.745
19 Shorter order cycles. 3.878 1.820
20 Flexibility of response towards the client. 4.123 1.609
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4.4. Model Efficiency Index

To measure the efficiency of the SEM proposed in Figure 1, a series of indexes must be estimated
to know the suitability of this. The results of the efficiency indexes are illustrated in Table 5, where
the APC has a p-value less than 0.001, so, it is concluded that, statistically, the model is efficient and
has predictive validity. In the same way, the average R-square [25], with a p-value less than 0.001, was
estimated, concluding that the model has sufficient explanatory power. In the same context, the index
of the average adjusted R-squared (AARS) has a p-value less than 0.001, statistically concluding that
the model in general has a predictive validity and explanation of the model.

Table 5. Model Efficiency Indexes.

Indexes Results Decision

1 Average Path Coefficient (APC) 0.375, p < 0.001 p ≤ 0.05
2 Average R-Squared (ARS) 0.497, p < 0.001 p ≤ 0.05
3 Average Adjusted R-Squared (AARS) 0.484, p < 0.001 p ≤ 0.05
4 Average block VIF (AVIF) 2.206 acceptable if ≤5, ideally ≤ 3.3
5 Average Full collinearity VIF (AFVIF) 2.157 acceptable if ≤5, ideally ≤ 3.3
6 Tenenhaus GoF (GoF) 0.605 small ≥ 0.1, medium ≥ 0.25, large ≥ 0.36
7 Sympson’s Paradox Ratio (SPR) 1.000 acceptable if ≥0.7, ideally = 1
8 R-Squared Contribution Ratio (RSCR) 1.000 acceptable if ≥0.9, ideally = 1
9 Statistical Suppression Ratio (SSR) 1.000 acceptable if ≥0.7

10 Nonlinear Bivariate Causality Direction
Ratio (NLBCDR) 1.000 acceptable if ≥0.7

When reviewing the average variance inflation of blocks (AVIF), it is observed that there are no
problems of the collinearity phenomenon among the variables analyzed, given that it has a value less
than 3.3. Similarly, the average full VIF (AFVIF) shows that there is no collinearity among the internal
factors, having a value less than 3.3. Also, the Tenenhaus index (Gof) shows the adjustment of the
data to the model with an adequate value, given that it is greater than 0.36. Finally, the other indexes
indicate that the sense in which the hypotheses have been raised in the model is adequate, since they
are greater than 0.7. The results of the model obtained are illustrated in Figure 2.
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4.5. Model Effects

With the help of the WarpPLS 6.0® software, at the time of modeling, three types of effects were
obtained in this study: The direct effects to test the hypotheses proposed, the sum of the indirect effects,
and the total effects.
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4.5.1. Direct Effects

Based on the direct effects and β values in Figure 2, we can conclude, in relation to the hypotheses,
the following:

Hypothesis 1 (H1). There is enough statistical evidence to state that the needs of ICT integration in the supply
chain have a direct and positive effect on investment in ICT, given that when the first variable increases its
standard deviation by one unit, the second variable increases by 0.67 units.

Hypothesis 2 (H2). There is enough statistical evidence to state that the needs of ICT integration in the SC
have a direct and positive effect on the training in ICT required in them, given that when the first variable
increases its standard deviation by one unit, the second does so in 0.35 units.

Hypothesis 3 (H3). There is enough statistical evidence to state that the investment in ICT in a supply chain
has a direct and positive impact on the training in ICT that occurs in its use and handling, given that when the
first variable increases its standard deviation by one unit, the second does it in 0.50 units.

Hypothesis 4 (H4). There is enough statistical evidence to state that the needs of ICT integration have a
direct and positive effect on the operational benefits obtained by the company, given that when the first variable
increases its standard deviation by one unit, the second variable does so by 0.27 units.

Hypothesis 5 (H5). There is enough statistical evidence to state that the amount of investment in ICT has a
direct and positive effect on the operational benefits obtained by the company, given that when the first variable
increases its standard deviation by one unit, the second variable increases by 0.31 units.

Hypothesis 6 (H6). There is not enough statistical evidence to state that training in ICT use and management
has a direct and positive effect on the operational benefits obtained by the company, given that the associated
p-value is 0.05.

A summary of the information obtained in the direct effects is shown in Table 6, where the effect
size is also added with a p value as a statistical test for the β value.

Table 6. Direct effects.

To
From

ICT Integration Investment in ICT Training in ICT

Investment in ICT 0.675 p < 0.001 ES = 0.455
Training in ICT 0.349 p < 0.001 ES = 0.237 0.501 p < 0.001 ES = 0.367
Operational benefits 0.266 p = 0.006 ES = 0.158 0.305 p = 0.002 ES = 0.187 0.156 p = 0.074 ES = 0.088

4.5.2. Sum of Indirect Effects

In the model proposed in Figure 1, the sum of the indirect effects of each of the indirect
relationships between the latent variables is also estimated, which are shown in Table 7. In the
indirect relationship between ICT integration and training in ICT, there was an effect, β = 0.338,
with a p-value of p ≤ 0.001, concluding that it is statistically significant and, therefore, there is an
indirect relationship between the variables as the p-value is less than 0.05. It is the same case for the
relationship of ICT integration to operational benefits, where the value of the effect is β = 0.313 and the
value of p-value is p = 0.001, where it is observed that the p-value is less than 0.05, concluding that
it is statistically significant and there is an indirect relationship between the variables. The opposite
happens with the indirect relation of investment in ICT to operational benefits, where values of the
effect of β = 0.078 were obtained and with a p-value of p = 0.158, where the p-value is greater than



Sustainability 2018, 10, 2261 13 of 18

0.05; it is concluded that it is not statistically significant and, therefore, there is no indirect relationship
between these variables.

Table 7. Sum of indirect effects.

To
From

ICT Integration Investment in ICT

Training in ICT 0.338 p < 0.001 ES = 0.230
Operational benefits 0.313 p = 0.001 ES = 0.186 0.078 p = 0.158 ES = 0.048

4.5.3. Total Effects

The sum of the total effects is the sum of the direct effects and the indirect effects that were
exposed previously. The values of the total effects, the estimate of the p-value, and the size of the effect
are shown in Table 8. Shown as an example, from ICT integration to training in ICT, there is an effect
of 0.687 (which was calculated with the sum of 0.349 + 0.338), with a p-value less than 0.05, statistically
concluding that there is a significant total effect between the variables. The calculation of the other
total effects is carried out in the same way and it should be mentioned that the p-value for the other
relations between the factors is less than 0.05. The opposite happens with the variables of training in
ICT and operational benefits, where there is a total effect of 0.156 with a p-value equal to 0.074; it is
concluded that there is no total indirect effect between the variables.

Table 8. Total effects.

To
From

ICT integration Investment in ICT Training in ICT

Investment in ICT 0.675 p < 0.001 ES = 0.455
Training in ICT 0.687 p < 0.001 ES = 0.467 0.501 p < 0.001 ES = 0.367
Operational benefits 0.579 p < 0.001 ES = 0.344 0.384 p < 0.001 ES = 0.235 0.156 p = 0.074 ES = 0.088

In relation to the value of R2 in Figure 2, this indicates the percentage of the variance explained by
each latent variable, which is expressed as follows according to each of its value. For the investment in
ICT, a value of R2 = 0.455 was obtained, which indicates that 45.5% of the variance of this variable is
explained by the ICT integration. For the TIC training variable, the value of R2 = 0.60 was obtained,
indicating that 60% of the variance is explained by the variables ICT integration and investment in ICT.
For the operational benefits variable, there is an R2 = 0.43, which indicates that 43% of the variance
is explained by the ICT integration, investment in ICT, and training in ICT. Therefore, the values of
the R-squared coefficient have a considerable percentage and it can be mentioned that they are good
predictors of the latent variable in the model.

5. Discussion and Conclusions

Table 9 shows a summary of the six hypotheses proposed, with which this work concludes that the
companies in Baja California, Mexico must pay attention to the ICT integration process in SC activities,
since this will affect investment in ICT. That is, nowadays, companies handle a greater volume of
information that is more complex, and, consequently, decision making is more confusing, which
implies investing in technology to organize and manage information in a timely and reliable manner.
Within the same needs to integrate ICT in production processes, it was found that it directly affects
training in ICT, which implies that management must train staff on the use of computer equipment
and software and this research has similar conclusions to Kiritsis et al. [72], who stated that training in
ICT is important for guaranteeing performance.
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Table 9. Validation of hypothesis.

Hypothesis
Variables

B Value p-Value Conclusion
From To

H1 ICT integration Investment in ICT 0.675 <0.001 Accept H0
H2 ICT integration Training in ICT 0.349 <0.001 Accept H0
H3 Investment in ICT Training in ICT 0.501 <0.001 Accept H0
H4 ICT integration Operational benefits 0.266 <0.001 Accept H0
H5 Investment in ICT Operational benefits 0.305 <0.001 Accept H0
H6 Training in ICT Operational benefits 0.156 0.07 Reject H0

At the same time, it is recommended that when investing in ICT, training in ICT is considered,
given that this variable is affected by investment in technology, which means that not only should
there be investment in ICT, but also the company must work hard to train the staff to manage, program,
and maintain the specialized software, resulting in greater confidence to solve the existing needs of the
productive processes. This finding is similar to reports from Skorupinska and Torrent-Sellens [73] who
argue that ICT is associated to productivity and innovation. Within the same results, it was found that
the variable of ICT integration directly affects the variable of operational benefits, where the company
benefits in reducing costs in inventory, greater flexibility in orders and deliveries, greater interaction
with clients and suppliers, and the reliability and accuracy of the information, gaining a competitive
advantage for the organization. This mean that managers must make an effort to integrate ICT in SC
because, according to Arica and Powell [74], ICT allows the planning and control of all the production
process. In the same sense, it was found that the company must take into account the investment in
ICT variable, since it directly affects operational benefits, which means that the activities of the SC
that are carried out in the company make up a clear and precise information system, allowing quick
and reliable exchange of information and knowing the status of processes in real time and with better
inventory management; these benefits are reflected in greater competitiveness to make better decisions
for the organization. The results also showed that the company must consider that the training in ICT
variable does not directly affect operational benefits, but is, nevertheless, part of the indirect effects of
the variables, ICT integration and investment in ICT.

Some final industrial recommendations for managers are as follows:

• Managers must maintain an adequate technological level in their supply chain. Not always the
most advanced ICTs are what they need, and they should always make an effort to be able to
determine their needs in the handling and sharing of information among partners;

• strong investments in ICT in the supply chain can be responsible for the bankruptcy of the
company. The manager must ensure that all ICT functions are exploited for the benefit of the
company, since an investment in ICT that is underutilized is a risk to financial performance; and

• training is basic after an ICT investment and managers must ensure that the technology provider
offers the first training in the production system and must be established in a contract. The training
ensures that ICTs are given the best use and the risk of failure in the implementation process
is reduced.
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