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Abstract—The development of technologies associated with energy effi-
ciency and use in lighting systems, arise as problems in the application of smart 
devices in different places such as: houses, buildings, industries, companies and 
public and private institutions. The objective of the study was to validate the in-
strument and the information obtained on the use of intelligent devices such as 
automatic control in a lighting system and its improvement in energy efficiency 
in the public sector. As a research methodology, a field study was conducted, 
based on a survey applied to 231 employees (bosses and workers) who work in 
17 public institutions located in 6 cantons of the province of Manabí, Republic 
of Ecuador. To validate this instrument, an exploratory and confirmatory facto-
rial analysis of the data obtained was carried out. As a result of the principal 
component analysis, a factor transformation matrix (0.870) was obtained and 
the reliability analysis was obtained (0.880) in relation to the reagents that de-
scribe three dimensions established in knowledge, application and technology 
management. It is concluded that the factor analysis applied through the KMO 
test, Bartlett's sphericity and Cronbach's alpha coefficient, with a correlation 
range ≥ 0.5 between reactants was feasible, which allows to certify the reliabil-
ity and validity applied in this instrument. 

Keywords—Technologies, smart devices, lighting systems, electric systems, 
energy efficiency. 

1 Introduction 

Every day new technological advances are generated, which will be used in our en-
vironment, as is the case of smart technologies, which facilitate the automation of the 
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sites where they are implemented, considering the authors [1], who say that the devel-
opment of telecommunications and information technologies has promoted smart 
networks that are the electrical networks that can intelligently integrate the behavior 
and actions of all the actors related to they (those that generate electricity, those who 
consume and those who perform the actions of actions) in order to provide a safe, 
economical and sustainable electricity supply. 

Therefore, taking into account the continuous development of technologies and the 
different combinations of them in homes, offices and certain areas, the developed 
method must be generic to verify the quality of the technology, being the application 
of a device that allows connectivity with lighting systems and use several scenarios 
that allow energy efficiency in electricity, [2]. 

In accordance with the organic law of the electric power public service in Ecuador, 
in 2008 the restructuring of the electric sector began, which led to considerable 
changes, such as: the fixing of the single tariff, the concept of marginal costs for the 
calculation of generation costs, the participation of the state in the investment for the 
expansion in distribution and transmission costs and the cessation of obligations by 
electricity companies for electricity transactions. 

 The sophistication and age of electrical networks in the 21st century vary signifi-
cantly within a country. According to [3], they consider that there is a constant in-
crease in annual energy, due to the consumption and use of technological, electrical 
and household appliances; which are a consequence of population growth and in-
creased economic activity. 

The consumption of energy in the TIC industry, the authors [4] consider the use of 
computers, equipment and electrical devices, excluding servers. Therefore, to reduce 
this growing trend, many mechanisms have been stimulated, such as the use of sen-
sors in home accessories and in specific areas of companies and institutions. These 
processes represent a solution to save energy and improve energy efficiency. 

It’s considered [5], who mentions that society in different regions of our planet, has 
become aware of the energy problem that is living, that is why it has developed dif-
ferent programs around energy efficiency, with the aim of taking care of resources 
that we still have and are present in our environment. 

Taking into account the appearance of problems in automation due to the adoption 
of smart devices in areas, organizations, homes where they are implemented, as stated 
by the author [6] and that no expense is spared, because a system Conventional lumi-
naire lighting is manual; and don’t always turn off after use, generates unnecessary 
consumption of electrical energy and shortens the time of use of lighting systems. 

For what is considered as the objective of this study, to analyze the situation in the 
application of intelligent devices such as the automatic control of a lighting system 
and its improvement in energy efficiency in the public sector, which was developed 
through a study of field using a questionnaire as a tool to obtain information. 

This work develops with an introduction to intelligent systems as a technology adopted 
in lighting, its consumption in energy efficiency systems. Thus, it also describes a meth-
odology that includes the way how it has developed for this study, the participants in-
volved, instrument, statistical analysis, exploratory application. The results found through 
factor analysis are shown in statistical tables, which are analyzed considering the most 
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relevant data of the present study and finally describes the conclusions reached in this 
research. 

2 Methodology 

2.1 Participants 

To analyze the limited application of smart devices and to have information that 
could serve as the basis for proposing this instrument, this research was based on a 
field study carried out in 17 institutions in 6 cantons of the province of Manabi, com-
pleting a total of 231 surveys, made to officials of these institutions. 

The data collection was directed to employees (heads and workers) who work in 
technical areas, maintenance, logistics and administration of each institution, in which 
the survey was developed. This study is contemplated at determining which technolo-
gies are related to the application of intelligent devices such as the automatic control 
of the lighting system and the improvement of energy efficiency in public institutions 
in the province of Manabí. 

2.2 Instrument 

The questionnaire of 35 items was applied at the end of each of these units or the-
matic block and was developed in two parts, the first of 9 items refers to the personal, 
academic and employment data of the respondent. The second consists of 26 items 
associated with energy efficiency in lighting systems, with the objective proposed in 
this study and established in the institutions involved to determine if this type of tech-
nology is used; likewise, this second part was based on three dimensions: knowledge, 
application and management. 

In all cases, the employees of each public institution answered the questionnaire 
anonymously using an electronic reading sheet designed for the type of response re-
quired. The reading of the sheets and the generation of the data files were carried out 
by the authors. On the basis of the information provided by the reading of the re-
sponse sheets, the corresponding databases were prepared for the analysis, both in 
Excel and SPSS format. 

2.3 Statistical analysis 

In this study, factor analysis (FA) is used, which is a statistical model that repre-
sents the relationships between a set of variables. For what is considered in this inves-
tigation the author [7], who states that these relationships can be explained from a 
series of unobservable (latent) factors called factors, the number of factors being sub-
stantially less than that of the variables. 

For this, the exploratory factorial analysis (AFE) was considered as a technique 
and the dimensions and number of established reagents were validated using the sta-
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tistical software SPSS (Statistical package for social science), as declared by the au-
thors [8], which allowed the results to be reliable. 

According to [9], through the AFE, the variability of the scores of a set of variables 
is explained by a smaller number of dimensions or factors. In this way, for example, a 
large number of test items can be reduced to a small number of factors or dimensions 
(verbal aptitude, extraversion, for example) that confer a theoretical significance to 
the measurement. Each of these factors groups the interecorrelated items that, at the 
same time, are relatively independent of the other sets (factors) of items. 

The author is considered [10], who mentions that in order to determine the con-
struct validity of the questionnaire, complementary factorial tests are developed. 
Therefore, a Principal Components Analysis (CP) is applied, which covers the objec-
tive of demonstrating the univocal structure presented by the entire questionnaire 
aimed at the measurement of a latent trait. In our research, we consider the technolo-
gies applied to lighting systems with energy efficiency criteria, so it is expressed 
through a certain linear combination of the variables contained in the questionnaire. 

Considering the dimensions of the established reagents, a correlation coefficient> 
0.5 was obtained as a feasible result in relation to the exploratory factor analysis of 
the data obtained in the survey that was applied in 17 public institutions of 6 cantons 
of the Province of Manabí. 

2.4 Application of the instrument 

To demonstrate the reliability and validity of the questions proposed in the survey, 
we proceed to develop the factor analysis tests as it manifests [7]. These tests were 
performed in the statistical software SPSS (Statistical package for the social sciences) 
[8]; through which a principal components analysis is applied to reduce the number of 
variables and, therefore, limit the variables that are more related, since the greater the 
variability of the data, the greater the information obtained , according to [11] and 
what allows us to validate the data generated as they consider it [12]. 

Prior to the analysis of main components, statistical tests were performed on KMO 
(Kaiser-Meyer-Olkin) and Bartlett's sphericity, considering the author [13], which 
relates the correlation coefficients and evaluates the applicability of the factorial anal-
ysis of the variables in question, respectively; that the closer they are to 1, the values 
obtained in the KMO test, means that the analysis is feasible; In the developed study, 
values greater than 0.5 were taken; that is, while the data obtained are in the range of 
≥ 0.5, it indicates that there is a high intercorrelation between the variables and factor 
analysis would be feasible, as considered [14]. 

2.5 Reliability validation 

Taking into account the authors [15], the factorial analysis of the reliability per-
formed, using the SPSS and by calculating the Cronbach alpha coefficient, the relia-
bility of the internal consistency of the instrument was determined. The reagents (on 
the Likert scale) measure the same construct and are highly correlated. According to 
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the criteria of the authors [16], [17], they mention that the closer the value of Cron 
Bach's alpha to 1 is, the greater the internal consistency of the elements analyzed. 

2.6 Factorial analysis 

With respect to the factorial analysis carried out in the second part of the survey 
that was applied in public institutions in 6 cantons of the Province of Manabí, we 
noticed that in order to arrive at a definitive result and establish the questions that are 
related to each other, in relation to the Energy efficiency in lighting systems was de-
veloped in four phases: the first, in which 10 reagents were extracted that had a corre-
lation coefficient below 0.5, as indicated [18]; in the second phase, 5 reagents were 
extracted, since the result of the correlation was not within the established range; In 
the third phase, after having eliminated 10 and 5 reagents respectively (of the 26 con-
sidered in the second part of the survey), we proceed to exclude 2 of these variables 
and develop the fourth phase in which it is shown that the 9 items are correlate each 
other, with a correlation coefficient> 0.5, which determines that factor analysis is 
feasible as considered [9]. 

3 Results 

The results show that there is a relationship between the knowledge and devices 
used to control lighting systems, considering that the percentage of responses was in a 
balance between high and regular knowledge. Regarding the application of these 
innovations in the institutions involved, an unfavorable result was achieved, according 
to the data obtained in the survey conducted, it was found that more than 50% of the 
respondents answered that in the area in which they work they do not count with de-
vices associated with lighting systems. In addition, in relation to the management, 
there was predisposition on the part of the people surveyed, since they responded 
favorably to consider being trained in the use of methods and technologies with crite-
ria in energy efficiency applied to lighting systems, with this knowledge applied in 
your area and place of work as well as in your homes. 

3.1 Results and analysis of the first phase 

In phase 1, the 26 elements of the second part of the survey are entered in the SPSS 
program, to perform the reduction of the dimensions and the factorial analysis, within 
which the KMO and Bartlett sphericity tests are applied. The correlation rank ≥ 0.5 
between the reagents was considered as a reference, after that, the analysis of the main 
components was applied, showing the correlation that exists between the variables 
entered. The obtained results allow to demonstrate that the analysis is feasible, since, 
within the KMO tests, it is demonstrated that the study is within the established range 
and in Bartlett it is determined that the correlations between the variables are different 
from zero, that is, they say that there is a correlation between them. (0.854). See Table 
1. 
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Table 1.  KMO score and Bartlett test 

Sampling adaptation measure of Kaiser-Meyer-Olkin. ,854 

Bartlett's sphericity test 
Chi-cuadrado aproximado 2552,414 
Gl 325 
Sig. ,000 

 
In the table of the matrix of rotated components, it is obtained that all the variables 

have a correlation with each other, but taking into account that in this study a range of 
≥0.5 was considered, for this reason, minor correlations to such magnitude were ex-
tracted. of the analysis, to achieve a greater variability of the data obtaining a value 
that approaches 1. In this first phase, it was obtained that, of the 26 items analyzed, 10 
of them resulted with a lower correlation with the established value, so that a second 
phase is established, within which the reagents to be extracted will not be included. 

In Table 2 the reagents that are eliminated are highlighted in bold and underlined. 
To conclude this first phase, it is observed in Table 3, that in the transformation 

matrix of the components, if there is a relationship between each of the factors when 
using the rotation method: Varimax normalization with Kaiser. 

Table 2.  Component transformation matrix 

Components 1 2 3 4 5 6 
1 ,789 ,448 ,176 ,259 ,277 ,038 
2 -,532 ,722 ,420 ,122 -,041 ,049 
3 ,209 -,304 ,736 -,085 -,521 ,211 
4 -,176 -,357 ,173 ,869 ,177 -,158 
5 -,140 -,219 ,264 -,213 ,707 ,563 
6 ,004 ,101 -,388 ,332 -,344 ,781 

3.2 Results and analysis of the second phase 

Taking into account the analysis of the first phase, in which 10 variables were not 
considered, the second procedure was performed, in which a correlation lower than 
the established one was obtained and in which the maximum probability is considered 
as analysis. Remaining reagents that are not within the correlation range are also dis-
carded and the sedimentation graph option is activated to determine how many factors 
are retained after the first phase. 
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Table 3.  Matrix of rotated components 

Reagents 
Components 

1 2 3 4 5 6 
Do you know the types of sensors used in lighting? ,834 ,050 ,059 ,047 ,145 ,004 
Do you know about the latest technological advances in 
energy efficiency? ,823 ,148 ,038 -,051 ,037 -,002 

Do you know about sensors? ,809 ,042 ,036 ,109 ,068 -,118 
Know the benefits of renewable energy? ,807 ,065 -,187 -,033 ,120 ,023 
Do you have knowledge about energy efficiency? ,744 ,170 -,024 ,067 -,057 ,131 
Do you know about light devices connected to a wireless 
network? ,724 ,131 ,162 ,193 ,036 -,015 

Do you have knowledge about traditional energies? ,711 ,066 -,069 ,083 ,254 ,131 
You know the cameras of recognition of people with sensors 
for lighting fixtures ,651 ,010 ,248 ,250 ,214 -,023 

To what extent is technological management applied to energy 
efficiency in involved institutions? ,028 ,807 ,128 ,086 ,005 ,028 

What are the levels of application based on the recognition of 
people for the management of energy efficiency in involved 
institutions? 

,120 ,781 ,153 ,006 ,092 ,099 

What is the level of knowledge in the application of standards 
and / or standards in energy efficiency management systems 
in the institutions involved? 

,138 ,776 ,040 ,141 ,120 -,125 

What is the quality of the energy efficiency management 
services provided by the departments or areas dedicated to 
their execution in the institutions involved? 

,035 ,769 ,109 ,090 ,257 -,027 

In what percentage does the Organization where you work use 
renewable energy sources? ,142 ,504 ,362 ,082 -,195 ,158 

What percentage of knowledge do you have? In energy effi-
ciency related to lighting? ,454 ,477 -,023 -,006 ,127 -,013 

Are lighting devices with sensors used in your work or home? ,096 ,154 ,788 ,007 -,024 ,081 
At your work or home, are image recognition sensors used by 
people for energy efficiency with luminaires? -,085 ,190 ,766 ,057 ,012 -,097 

The ISO 50001 standard for energy management is applied at 
your workplace ,191 ,385 ,431 ,035 -,074 ,347 

Do you consider using lighting devices with energy-saving 
mode? ,050 ,074 -,107 ,856 ,024 ,109 

Have you considered in your home or institution acquire 
sensors to optimize the consumption of electricity? ,098 ,136 ,069 ,832 ,071 -,039 

Do you understand the operation of the sensors in video 
cameras? ,363 ,140 ,245 ,587 ,158 -,113 

Do you consider important the cost generated by the luminar-
ies in your place of work or home? ,189 ,030 ,115 ,096 ,698 ,105 

In what percentage does the Organization where you work use 
traditional energy sources? ,111 ,231 -,267 -,007 ,673 -,014 

At what percentage would you express the cost benefit when 
using recognition sensors for energy efficiency with lumi-
naires? 

,192 ,385 -,283 ,099 ,470 -,122 

In your work or home do you know the environmental impact 
of the use of renewable energy sources? ,409 ,067 ,239 ,141 ,432 ,062 

In your place of work or home, the lights are used for long 
periods of time? ,055 -,004 ,126 ,094 ,189 ,820 

Turn off lights at work or home when they are not used? ,063 -,010 ,245 ,278 ,312 -,457 
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In Table 4. It is again shown that there is a correlation between the variables with a 
value of 0.829 as a result of Kaiser-Meyer-Olkin. 

Table 4.  Second KMO result and Bartlett test  
Sampling adaptation measure of Kaiser-Meyer-Olkin. ,829 

Bartlett's sphericity test 
Approximate Chi-square 1598,128 
Gl 120 
Sig. ,000 

Table 5.  Matrix of rotated factors  

Reagents 
Factor 

1 2 3 4 5 
Do you know the types of sensors used in lighting? ,837 ,049 ,074 ,080 -,103 
Do you know about the latest technological advances in energy efficiency? ,790 ,135 -,032 ,043 ,105 
Know the benefits of renewable energy? ,785 ,069 -,028 -,196 ,197 
Do you know about sensors? ,779 ,030 ,061 ,046 -,023 
Do you know about light devices connected to a wireless network? ,702 ,168 ,171 ,166 -,133 
Do you have knowledge about energy efficiency? ,694 ,108 ,070 ,006 ,210 
Do you have knowledge about traditional energies? ,685 ,096 ,079 -,079 ,162 
What is the quality of the energy efficiency management services provided 
by the departments or areas dedicated to their execution in the institutions 
involved? 

,078 ,775 ,096 ,080 ,090 

What are the levels of application based on the recognition of people for 
the management of energy efficiency in involved institutions? ,144 ,766 -,009 ,137 ,059 

To what extent is technological management applied to energy efficiency 
in involved institutions? ,045 ,765 ,076 ,125 ,057 

What is the level of knowledge in the application of standards and / or 
standards in energy efficiency management systems in the institutions 
involved? 

,157 ,720 ,093 ,063 -,022 

Do you consider using lighting devices with energy-saving mode? ,046 ,059 ,949 -,084 ,292 
Have you considered in your home or institution acquire sensors to opti-
mize the consumption of electricity? ,136 ,142 ,637 ,127 -,115 

Are lighting devices with sensors used in your work or home? ,083 ,093 -,014 ,880 ,266 
At your work or home, are image recognition sensors used by people for 
energy efficiency with luminaires? -,069 ,219 ,061 ,547 -,042 

In your place of work or home, the lights are used for long periods of 
time? ,082 ,058 ,041 ,093 ,187 

 
In this second phase, the sedimentation graph is considered, which allows deter-

mining how many factors must be maintained. Normally, the graph shows the clear 
break between the steep slope of the most important factors and the gradual descent of 
the rest. Another method that allows to determine how many factors should be con-
served is the Kaiser criterion, which consists of preserving the factors, where their 
associated eigenvalue is greater than 1, according to the author [19]. 

In the first phase, 6 factors obtained through the rotated matrix were shown, after 
having extracted the ten variables that did not comply with the proposed range, the 
number of factors in this stage was reduced, reaching 5 factors that are retained and 
shown a greater correlation with respect to the rest. 
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In the matrix of rotated factors, the correlations between the variables are shown 
and, according to this, they were analyzed again and it was found that 5 of them are 
not within the specified range that is ≥ 0.5, so that an additional procedure is per-
formed again, excluding the 5 extracted variables, and in this way a correlation value 
close to one is obtained. 

In Table 5 of the matrix of rotated factors, the questions that were extracted and 
highlighted in bold and underlined are shown. 

Before finishing this second phase, it is observed in Table 6, that in the transfor-
mation matrix of the factors there is still a close correlation between each of the fac-
tors, thus improving the variability, in relation to the same matrix of the first phase. 

Table 6.  Factor transformation matrix 

Factor 1 2 3 4 5 
1 ,048 ,060 ,950 -,084 ,292 
2 ,892 ,361 -,068 ,253 ,072 
3 -,414 ,449 ,012 ,775 ,162 
4 -,170 ,815 -,040 -,528 -,162 
5 ,042 -,018 ,303 ,221 -,926 

3.3 Results and analysis of the third phase 

On the basis of the analysis of the second phase, which does not consider five vari-
ables, we proceeded to the third procedure, in which a lower correlation was estab-
lished and the maximum likelihood is considered as analysis. The remaining reagents 
that are not within the correlation range are also discarded and the sedimentation 
graph option is activated to determine how many factors are retained after the second 
phase. 

In Table 7. Again it is shown that there is a correlation between the variables 
(0.819) as KMO results. In the second phase, five factors obtained through the rotated 
matrix showed, after unscrewing the five variables that did not meet the proposed 
range, the number of factors in this stage was reduced, obtaining three factors are 
retained and that show a greater correlation with respect to the rest. 

In the matrix of rotated factors, the correlations between each of the variables are 
shown and, therefore, they are re-analyzed and it was found that two of these varia-
bles are not within the specified range that is ≥0.5, so that performed an additional 
procedure, excluding the 2 variables, and thus obtain a correlation value close to one. 

Table 7.  Third KMO result and Bartlett test  
Sampling adaptation measure of Kaiser-Meyer-Olkin. ,819 

Bartlett's sphericity test 
Approximate Chi-square 1086,354 
gl 55 
Sig. ,000 

 
In Table 8, the questions that were extracted are shown, which are highlighted in 

bold and underlined. 
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Table 8.  Matrix of rotated factors 

Reagents 
Factor 

1 2 3 
Do you know the types of sensors used in lighting? ,840 ,062 ,179 
Know the benefits of renewable energy? ,821 ,137 -,553 
Do you know about the latest technological advances in energy efficiency? ,776 ,171 -,010 
Do you know about sensors? ,771 ,066 ,000 
Do you know about light devices connected to a wireless network? ,715 ,191 ,214 
What is the quality of the energy efficiency management services provided by the 
departments or areas dedicated to their execution in the institutions involved? ,065 ,794 ,030 

To what extent is technological management applied to energy efficiency in in-
volved institutions? ,026 ,776 ,153 

What are the levels of application based on the recognition of people for the man-
agement of energy efficiency in involved institutions? ,115 ,771 ,085 

What is the level of knowledge in the application of standards and / or standards in 
energy efficiency management systems in the institutions involved? ,120 ,715 ,090 

Do you consider using lighting devices with energy-saving mode? ,087 ,141 ,006 
Are lighting devices with sensors used in your work or home? ,099 ,197 ,283 

Table 9.  Matrix factor transformation 

Factor 1 2 3 
1 ,824 ,138 -,550 
2 ,099 ,920 ,380 
3 ,558 -,367 ,744 

 
Before finishing this third phase, it is observed in Table 9, that in the transfor-

mation matrix of the factors there is still a close correlation between each of the fac-
tors, thus improving the variability, in relation to the same matrix of the second phase. 

3.4 Results and analysis of the fourth phase 

After having extracted 17 reagents in the three previous phases, a fourth phase was 
carried out, in which it was shown that the remaining 9 variables correlated with each 
other, which shows that the reduction analysis of dimensions reached this instance, so 
that no other variable can be eliminated, since all have a correlation coefficient ≥ 0.5, 
which indicates that all have a strong correlation between them. 

The sedimentation graph, see figure 1, is considered to determine how many fac-
tors are retained in this third phase. In phase one, 6 factors were shown in the rotated 
matrix; after having extracted the ten variables that did not meet the proposed range, 
the number of factors in phase two was reduced. 
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Fig. 1. Sedimentation graph 

Five factors that are conserved after having suppressed the other 5 reagents that did 
not meet the proposed correlation rank are taken as reference. In the third phase, 2 
reagents that did not meet the required range were eliminated and in the fourth phase, 
although no variable with a lower coefficient than that established was presented, the 
number of factors was reduced, which resulted in as a result 2 of them have a close 
correlation with each other. 

Table 10.  Matrix of rotated components 

Reagents 
Factor 

1 2 
Do you know the types of sensors used in lighting? ,832 ,068 
Do you know about the latest technological advances in energy efficiency? ,791 ,149 
Do you know about sensors? ,783 ,045 
Know the benefits of renewable energy? ,765 ,060 
Do you know about light devices connected to a wireless network? ,709 ,198 
To what extent is technological management applied to energy efficiency in in-
volved institutions? ,044 ,787 

What is the quality of the energy efficiency management services provided by the 
departments or areas dedicated to their execution in the institutions involved? ,081 ,786 

What are the levels of application based on the recognition of people for the man-
agement of energy efficiency in involved institutions? ,129 ,776 

What is the level of knowledge in the application of standards and / or standards in 
energy efficiency management systems in the institutions involved? ,144 ,719 

 
After having obtained the sedimentation graph, it can be observed in the matrix of 

rotated factors that between the variables that were not eliminated and the factors 
obtained in the graph there is a high correlation between them, showing in Table 10 
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that it is no longer necessary perform another analysis, considering all the variables 
are in the established correlation range. 

Then, based on the transformation matrix of the factors, a comparison is made be-
tween the matrix of the first phase where the factor with the highest variability (0.869) 
is observed, considering that the fourth and last phase shows us the two factors that 
they remained have the same variability (0.870), which indicates that all the factors 
are related among them. See Table 11. 

Table 11.  Factor transformation matrix  
Factor 1 2 

1 ,870 ,493 
2 -,493 ,870 

 
Finally, in relation to the analysis performed on the results obtained in the four 

phases, we obtained 9 variables out of the 26 admitted at the beginning, eliminating 
17 that did not comply with the ranges considered. 

3.5 Alpha result of cronbach 

As a result of the reliability analysis, we obtained (0.880), in the Cronbach alpha 
coefficient in relation to the 26 items, that according to the authors' criteria [16], [20], 
the coefficient is good and very favorable that allowed the development of the factori-
al analysis. 

4 Conclusion 

The exploratory factor analysis performed on the data obtained through the field 
study, allowed to know that the institutions involved in this study do not have intelli-
gent systems in terms of lighting, and that, due to lack of budget or lack of knowledge 
of the standards and / or related to the management of energy in these organizations 
do not apply to the word efficiency, because all systems that are installed in organiza-
tions are conventional, old and do not have devices that can turn them on automatical-
ly. 

Apply the KMO test and Bartlett's sphericity as a technique, considering the corre-
lation range ≥ 0.5 between the reagents as reference; was feasible, through the analy-
sis of the main components, it was obtained that the correlations between the input 
variables are different from zero, that is to say that there is a correlation between them 
(0.832) and that the analysis of the results is reliable. 

This process allowed to show the correlation between the reactants entered in each 
phase, which shows that the analysis is feasible, since it was obtained as the last result 
in the factor transformation matrix (0.870) that the correlation was within the range 
established, which shows that the work is viable considering the three dimensions 
established in knowledge, application and management. 
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The alpha analysis of cronbach (0.880) certified the reliability applied by this in-
strument and allowed the factor analysis developed to be based. Therefore, it is con-
cluded that the acquisition of devices associated with energy efficiency and applied to 
lighting systems is feasible to improve electricity consumption, which allows generat-
ing savings in the places where they are implemented considering the environment of 
a smart grid. 
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