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Abstract =7nis investigation was made to
evaluate the impact of the industry 4.0 in the
processes of development of software in the
software industry of Mexicalj, with respect to the
parameters of productivity and costs. Two relevant
tools analyzed were the (1) artificial intelligent and
(2) simulation and predictions, which can be
applied in the processes of the software industry
installed in this border zone, /located in the
northwest of the Mexican Republic and is an
important city of the Baja California State, which
have a great commercial relation with the
California State of the United States of America
(USA). In this scientific study was evaluated the
relevant factors thatimpacts in the development of
software, to determine the indexes of productivity
and costs in base of the ability, fast and efficiency
of the programmers to creaqte the software in
according to the necessities of the customers. In the

statistical evaluation was used the MATLAB software
with the multiple regression and correlation
analysis. This was very important aspect to obtain
economic gains in any kind of industry. This
investigation was made in 2021,
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1. INTRODUCTION

The industry 4.0 is very important in the processes of
the software industry, with the application of the
tools that supports about the development of any
type of the software, in according to the activities
required of the customers (Eruval B,2018). The use of
tools of the industry 4.0 that supports to make
innovations in the software, is considered as a
technological revolution, where are some of these
as mentioned next (Bourque, P et al, 2014).:

© 2022, PUIRJ | DOI:10.5281/zenodo.7502174

Page | 142



Partners Universal International Research Journal (PUIRJ)

Volume: OllIssue: 04 | October-December 2022 | ISSN: 2583-5602 | www.puirj.com

a) Artificial Intelligence (Al). It is a tool that
evaluates the way in which a machine or automatic
system can develop activities similar to those of a
human; being with reasoning skills of reasoning,
learning, creativity and planning skills.

b) Augmented Reality (AR). Describes the
technologies used to visualize the real world through
graphics generated by high-tech devices.

c) Big Data (BD). It has the ability to obtain and
store large amounts of large-scale and complex
data from computer processes for the development
of mathematical and statistical analysis.

d) Collaborative Robotics (CR). It develops robotics
systems that can improve processes and activities
of daily life, agricultural, commercial, educational
and industrial mainly so that they are elaborated in
an accessible way and with the required safety.

e) Internet of Things (IT). It refers to a digital
interconnection of objects that have a relationship
with each other, to improve software development
processes.

f) Semantic Web (SW). Represents a series of
activities developed in platforms to publish data
and information made with high technology
systems.

g) Simulations and Predictions (SP). Is related to
mathematical and statistical processes to estimate
the behavior of parameters to control it and
improve the activities of any type.

This research was developed in five micro and
medium-sized companies called SME (Small and
Medium Industries), from the software industry, with
the evaluation of the impact in the development of
software and costs to generate high levels of
productivity and quality. The small and medium
company is a company that has certain
occupational and financial limits located in various
regions of the world. The SME are industries with
logic, cultures, interests and a specific
entrepreneurial.

2.INDUSTRY 4.0

It is considered the fourth transformation of the
industry regarding factors of technology, economy
and society; where innovations of industrial
processes, system, equipment and innovative
devices are concentrated, to achieve maximum
efficiency in the manufacturing areas and the
industrial processes involved in the manufacture of
any industrial product (Philip, A et al, 2014). The first
stage of the industry occurred with mechanization,
followed by the second stage with assembly
processes for mass production (Wang, X et al, 2012).
The third stage was developed with the application
of computing and automation, continuing with the
fourth stage with physical cybernetic systems,
managing to develop systems with artificial
intelligence, with  specialized computation
algorithms, linking them with digital systems and
devices; with the main objective of optimally
planning the activities of the production processes
in industrial companies. In the Mexicali city and the
Baja California State located in the northwest of the
Mexican Republic, are afew industries that apply the
innovation as industry 4.0 (Lee J et al, 2015).

3. COMPUTER ACTIVITIES IN INDUSTRY 4.0

They have been applied since the third stage of
industrial transformation, for the development of
innovations that generate improvements in
industrial processes in manufacturing areas,
managing to increase productivity and quality
indices (Diebold, M. (2014). This is why it has been
promoted in higher-level educational institutions
(universities and research institutes), in conjunction
with industrial companies, anywhere in the world, for
the development of innovative systems and devices,
as well as methods applied to areas of
manufacturing in all industrial processes (Bano, M et
al, 2014). Computer systems and programs have
been developed to control, count, compare levels,
and pack; among the most relevant in the industry
of the city of Mexicali considered as part of industry
4.0. One of the actions developed in the industry of
this city, is the use of micromemories to control of
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industrial process and store relevant information
(Eghariani K, et al, 2016).

4. PRODUCTIVITY AND COSTS

It is an important factor in the agricultural industry
that has a great relationship between these terms
and with the production processes where economic
gains or losses can be determined. Productivity is
considered an economic measurement action,
managing to calculate goods  (products
manufactured in industrial companies (Heikkila, V et
al, 2015) and services (activities that are offered by
companies that provide services to consumers).
Figure 4 represents the balance factor of costs and
benefits in industrial companies, where productivity
and costs are involved for a better understanding of
this relevant relationship (Heck P et al, 2016). In
productivity, certain aspects are determined such
as the number of workers and their skills and
abilities, as well as investment capital, production
times, distribution and delivery to customers.
Productivity is associated with the quality factor,
which in turn is related to manufacturing costs and
is a relevant aspect in the growth or decline of
industries. The link between productivity and quality
is essential and is focused on the application of a
very strict discipline so as not to generate economic
losses, which is associated with cost analysis (Faller
C, et al, 2015).

5. SME INDUSTRIES

Even when microenterprises and small and
medium-sized industries form 70% of the industrial
system in each region of the world generate a large
number of jobs, achieving the production and
quality of large industrial companies. The
development of productive chains that incorporate
companies of different size, giving special attention
to small and medium, is an important requirement
for the generation of jobs and salaries that reduce
the heterogeneity of the economies of the region. A
greater internationalization of these companies,
particularly in their exporter work, contributes to

improving the productivity and working conditions
of their workers. The SME are of great importance in
the economy of all countries, generating the
software required to increase the productivity and
quality of large industries, generating the main
reasons for its existence explicated:

a) Individualized products can be made,
counterpart with large industries focused on more
standardized products.

b) They are very useful at large industries, doOnde
Most SMEs are hired by large industrial companies,
to carry out services or operations to be included in
the tissue of the Great Corporation would result in
an increase in cost.

c) There are productive activities where it is more
appropriate to work with small companies, such as
the case of cooperatives.

d) Innovative products are generated continuously.

6. METHODOLOGY

In this investigation was made various activities,
which are shown below, to determine with a specific
analysis the impact of use tools of the industry 4.0in
the development of software from the software
industry of this border city. This investigation was
made in three steps, being the first four steps, about
the two tools analyzed (artificial intelligence and the
simulations and predictions) and the third step was
an evaluation of the impact of the software industry
in this border city, which are explained next:

Step 1. An analysis of the use of the artificial
intelligence with software developed by specialized
programmers was made, making a survey to 1000
persons with diverse factors that are mentioned in
the results section. In Mexicali there are specialized
researchers and professors of educational
institutions; and some people with lot knowledge
about theoric of artificial intelligence, but a few
people with high experience of this thematic, being
very relevant in this scientific study to use
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specialized programmers from the software industry
of this city.

b) Step 2. An evaluation of application of software to
make simulations and predictions was made to
determine the best software to this tool to diverse
activities in this city, with diverse factors that are
mentioned in the results section.

c) Step 3. An analysis of the impact of the
development by the software industry in this city
was made, with diverse factors that are mentioned
in the results section.

d) Step 4. An evaluation of productivity and costs of
the development of software.

7. RESULTS

The investigation generated important information
regarding the use of high-resolution technology
using two tools of the industry 4.0, to determine the
positive impact of this type of technology, which is
mentioned in the next sections.

7.1 Regression and correlation analysis

In this investigation, a multiple regression and
correlation analysis was carried out, indicating the
relationship between the variables involved in the
tables that are explained in the following sections of
this scientific study. The process of this analysis
consisted of two steps: (1) correlation evaluation
and (2) development of the mathematical
estimation model, to predict the behavior of the
variables involved in this investigation. The steps
performed in this analysis are shown below:

a) The analysis of the relationship of the variables
involved was elaborated.

b) A mathematical model of statistical estimation
was generated.

c) An estimation evaluation was made with the
objective of estimating in the future the behavior of
the variables involved in the investigation or in case
of loss of numerical data to be able to recover them.

d) Identify the possible scenarios of the elaborated
investigation.

e) Elaborate the conclusions of this step of the
investigation.

The normal distribution was used for the regression
and correlation analysis, following the statistical
process of multiple regression according to the
following mathematical expression as equation 1:

Y = 0 + BIX" + B2X;"' +
Ec.1

+ OBNX 4+ e

A multiple regression and correlation analysis is
shown below in table 1 with a sample of 100 persons
to elaborate the mathematical expression, which is
expressed now in equation 2 of this investigation:

Y =
Ec.2

4[/5x8 -  6/7x2 +2[3x - 3/8

Table -1:Multiple regression and correlation analysis
(2021) )

0.93 -0.20
0.92 0.35
0.95 0.44

094 -0.28
0.92 -0.39

alb|w|N| =
cloelalesw
Mlo|nals

100 12 15 0.90 0.48

In table 1, was observed the multiple regression and
correlation analysis, where was illustrated the
evaluation in according to each variable evaluated.

8. IMPACT OF SOFTWARE IN THE ARTIFICIAL
INTELLIGENCE

In this step of the investigation was made an
analysis of the survey elaborated to 1000 persons
with various factors and characteristics of people
mentioned in the table 2. The level percentages
were obtained of the multiple regression and
correlation analysis.

Table -2: Analysis of impact in the use of Al (2021)
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34 48 40 39

35 42 23 19 29 52 7 33 50 |42 |58

30 44 26 15 30 BB 4 28 58 |45 |55

39 4 20 23 29 48 18 3 51 | 47 | 53
L. Low, M. Medium, H. High; F. Female, M. Male

In table 2, was observed the impact generated in
the opinion of the 1000 persons, which were 500
women, and 500 men, representing the percentage
levels of the factors and people characteristics:
illustrating in the factors the next information:

1) Knowledge of Al. The major age with highest
percentage was the 31to 45 years (48%), being the
highest percentage of the economical aspect with
the medium level (40%), as the highest percentage
of the educative level was the high level (54%) and
finally the highest percentage of the sex was the
male (56%).

2) Importance Level. The major age with highest
percentage was the 31to 45 years (42%), being the
highest percentage of the economical aspect with
the high level (52%), as the highest percentage of
the educative level was the high level (50%) and
finally the highest percentage of the sex was the
male (58%).

3) complexity Level. The major age with highest
percentage was the 31to 45 years (44%), being the
highest percentage of the economical aspect with
the high level (55%), as the highest percentage of
the educative level was the high level (58%) and
finally the highest percentage of the sex was the
male (55%).

4) Relation with the Software. The major age with
highest percentage was the 31 to 45 years (41%),
being the highest percentage of the economical
aspect with the high level (48%), as the highest
percentage of the educative level was the high level
(51%) and finally the highest percentage of the sex
was the male (53%).

9. USE OF SOFTWARE APPLIED TO MAKE
SIMULATIONS AND PREDICTIONS

In this step of the investigation was made an
evaluation of the survey elaborated to 1000 persons
with various factors and characteristics of people
about the knowledge of software to make
simulation and predictions illustrated in the table 3.
The level percentages were obtained of the multiple
regression and correlation analysis.

Table -3: Evaluations of knowledge of the software
to make simulation and predictions (2021)

43 | 40 2% | 45 | 30
4| 39 | 20 [ 27 | 4 | 32 | 24|29 47 |40)60
45 | 2 | B 2B | 4 | 3 |25 |30 | 45 | 45|55
L. Low, M. Medium, H. High; F. Female, M. Male

In table 3, was showed the impact generated in the
opinion of the 1000 persons, which were 500 women,
and 500 men, representing the percentage levels of
the factors and people characteristics: illustrating in
the factors the next information:

1) Knowledge of Software. The major age with
highest percentage was the 18 to 30 years (43%),
being the highest percentage of the economical
aspect with the medium level (45%), as the highest
percentage of the educative level was the high level
(45%) and finally the highest percentage of the sex
was the male (57%).

2) Development of Software. The major age with
highest percentage was the 18 to 30 years (41%),
being the highest percentage of the economical
aspect with the medium level (41%), as the highest
percentage of the educative level was the high level
(47%) and finally the highest percentage of the sex
was the male (60%).

3) Application of Software. The major age with
highest percentage was the 18 to 30 years (45%),
being the highest percentage of the economical
aspect with the medium level (42%), as the highest
percentage of the educative level was the high level
(45%) and finally the highest percentage of the sex
was the male (55%).
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10. IMPACT OF THE DEVELOPMENT BY THE
SOFTWARE INDUSTRY

An analysis of the impact that generates the
development of software, where were evaluated five
software industries located in the Mexicali city. In
table 3 is presented the information obtained by the
multiple regression and correlation analysis,
illustrating the level percentages.

Table -4:Analysis of impact of development of
software in the software industry of Mexicali (2021)

4 38 49
19 39 42 16 40 44 18 38 44
15 40 45 17 40 43 15 42 43
19 38 43 16 37 48 7 35 48
7 40 43 7 39 44 16 4 43
L. Low, M. Medium, H. High; F. Female, M. Male

In table 4, was observed the impact of the software
skills of the programmers that generate the idea to
develop the software in base of the requirements of
the customer. The analysis in the five industries that
develop software in this city is represented now:

1) Industry A. In this industry is showed the
percentage levels to the three software skills, where
is observed that was classified by indices low,
medium and high being presented the major as the
high index from 40% to 50%, indicating that in this
industry the ability of develop of software, fast to
develop software and the efficiency of the develop
of software, are relevant factors to create software
made by the programmers.

2) Industry B. In this industry is showed the
percentage levels to the three software skills, where
is observed that was classified by indices low,
medium and high being presented the major as the
high index from 40% to 50%, indicating that in this
industry the ability of develop of software, fast to
develop software and the efficiency of the develop
of software, are relevant factors to create software
made by the programmers.

3) Industry C. In this industry is showed the
percentage levels to the three software skills, where

is observed that was classified by indices low,
medium and high being presented the major as the
high index from 40% to 50%, indicating that in this
industry the ability of develop of software, fast to
develop software and the efficiency of the develop
of software, are relevant factors to create software
made by the programmers.

4) Industry D. In this industry is showed the
percentage levels to the three software skills, where
is observed that was classified by indices low,
medium and high being presented the major as the
high index from 40% to 50%, indicating that in this
industry the ability of develop of software, fast to
develop software and the efficiency of the develop
of software, are relevant factors to create software
made by the programmers.

5) Industry E. In this industry is showed the
percentage levels to the three software skills, where
is observed that was classified by indices low,
medium and high being presented the major as the
high index from 40% to 50%, indicating that in this
industry the ability of develop of software, fast to
develop software and the efficiency of the develop
of software, are relevant factors to create software
made by the programmers.

11. EVALUATION OF PRODUCTIVITY AND COSTS
OF DEVELOPMENT OF SOFTWARE

An evaluation of a comparative situations with the
use or not use specialized software developed by
the software industry of this city, showed relevant
information to determine that is necessary the
creation of software by specialized programmers to
increase the productivity of the development of
software and its use in any type of activity and
reduce the costs to thisimportant process. In table 5
is represented the information mentioned above.

Table -5: Evaluation of productivity and costs the
software industry of Mexicali (2021)
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In table 5, was observed the percentage levels of
productivity and costs, where was illustrated the
difference of use specialized software and not use,
and presented around the double of the percentage
levels between one characteristic and other, as is
explained in the next information.

1) Industry A. In this industry is showed the
percentage of the productivity evaluating the not
use the software with 30% and the use with 70%, and
the costs when is no use the software of 66% and
34% using the software, indicating the necessity of
the utilization of specialized software.

2) Industry B. In this industry is showed the
percentage of the productivity evaluating the not
use the software with 32% and the use with 68%, and
the costs when is no use the software of 67% and
33% using the software, indicating the necessity of
the utilization of specialized software.

3) Industry C. In this industry is showed the
percentage of the productivity evaluating the not
use the software with 28% and the use with 72%, and
the costs when is no use the software of 70% and
30% using the software, indicating the necessity of
the utilization of specialized software.

4) Industry D. In this industry is showed the
percentage of the productivity evaluating the not
use the software with 34% and the use with 66%, and
the costs when is no use the software of 69% and
31% using the software, indicating the necessity of
the utilization of specialized software.

5) Industry E. In this industry is showed the
percentage of the productivity evaluating the not
use the software with 30% and the use with 70%, and
the costs when is no use the software of 71% and 29%
using the software, indicating the necessity of the
utilization of specialized software.

12. CONCLUSIONS

The use of specialized software is very relevant using
the tools of the industry 4.0, where are software
industries located in the city of Mexicali, which is a
great advance to the processes of the development
of software. This has helped to receive more
industrial companies from our neighbor Mexico and
generate more job opportunities for the population
of this city. In this research, the need to use high
resolution technology was shown, with the use of
specialized micro-memory to increase productivity
and quality levels. This investigation expressed
relevant information to researchers to obtain
adequate information as represented the
knowledges to them. Also, this analytic investigation
can be support to people to want earn money and
help to be easy any kind of actions of the daily life
and to any type of activities.
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