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FOREWORD

| am pleased to put into the hands of readers Volume-7; Issue-9: 2020 (Sep, 2020) of “International
Journal of Advanced Engineering Research and Science (IJAERS) (ISSN: 2349-6495(P) | 2456-
1908(0)”, an international journal which publishes peer-reviewed quality research papers on a wide
variety of topics related to Science, Technology, Management and Humanities. Looking to the keen
interest shown by the authors and readers, the editorial board has decided to release print issue also, but
this decision the journal issue will be available in various library also in print and online version. This
will motivate authors for quick publication of their research papers. Even with these changes our
objective remains the same, that is, to encourage young researchers and academicians to think
innovatively and share their research findings with others for the betterment of mankind. This journal
has DOI (Digital Object Identifier) also, this will improve citation of research papers. Now journal has
also been indexed in Qualis (Interdisciplinary Area) (Brazilian system for the evaluation of

periodicals, maintained by CAPES).

| thank all the authors of the research papers for contributing their scholarly articles. Despite many
challenges, the entire editorial board has worked tirelessly and helped me to bring out this issue of the

journal well in time. They all deserve my heartfelt thanks.

Finally, I hope the readers will make good use of this valuable research material and continue to
contribute their research finding for publication in this journal. Constructive comments and suggestions

from our readers are welcome for further improvement of the quality and usefulness of the journal.

With warm regards.
Dr. Swapnesh Taterh

Editor-in-Chief
Oct, 2020
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Abstract—This work aims to analyze the technical and economic feasibility of using concrete post waste as
coarse aggregate for the manufacture of new electricity posts. In order to carry out the experimental study,
waste processing, characterization and finally concrete dosage were carried out. The adopted methodology
consists in the partial substitution of the natural aggregate by recycled aggregate originated from damaged
concrete electricity posts collected in the city of Palmas - TO. In order to obtain the results, specimens and
new concrete posts were tested with the replacement of the aggregate, respecting the approval guidelines for
concrete post for electric power networks. The results obtained point to the use of waste from unusable posts
as a potential alternative in removing the residue from the environment, replacing natural aggregates in the
manufacture of new posts that meet the mechanical resistance specifications.

Keywords— concrete electric post, concrete electric pole, construction waste, electrical resistance.

l. INTRODUTION

The construction industry currently represents one of the
largest consumers of natural resources in the world [1]. In
addition, it is the largest generator of waste, in mass and
volume, in urban environments. The lack of policies and
guidelines related to this waste, culminates to its inadequate
disposal on urban and natural environments, causing
significant impacts to the environment, both on urban and
rural [2].

According to the data from the National Department of
Environmental Sanitation, construction and demolition
waste (CDW) represents an amount of 40 to 70% of all solid
waste generated in the country. The cleaning of this material
improperly disposed in urban environments, generates a
high cost for the municipalities, since they cannot be
disposed in common sanitary landfills [3], a resource that
could be used to benefit society and to improve urban
infrastructure.

www.ijaers.com

In this way, the recycling of construction waste is an
effective alternative in reducing the extraction of natural
resources for construction supplies, maintaining a healthy
urban environment, decreasing municipal spending and
increasing job creation [2].

Despite presenting itself as a viable alternative to all of
the aforementioned problems, recycling is not a simple
process and the product generated needs to undergo strict
quality control so that this product can reach the market
competitively enough to generate all the benefits that
promises. In other words, it is not enough to adopt CDW
recycling, it is necessary to meet market requirements [4].

Thus, in order of obtaining viability of the recycling of
CDW, aspects such as technical performance of the recycled
product, environmental impacts caused by the recycling
process itself and disposal of the recycled waste at the end
of the production chain and market viability must be taken
into account [5].
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Several studies have been developed to make the use of
these recycled aggregates feasible in the constitution of
concrete, among them, studies of evaluation of specific mass
of aggregates from CDW and its reactions on the properties
of concrete [6], use of steel fibers in concretes produced with
recycled coarse aggregates [5], use of recycled CDW
aggregates on the basis of paving structure [7], studies of the
effects of the use of coarse and fine aggregates from CDW
on the properties of structural concrete [8] and [ 9].

All of these work generate an important framework for
studies on the use of recycled CDW materials in the
constitution of structural concretes. Many of them show
positive results in this area, such as the study by [6] that
deals with the use of CDW residues separated by density in
the concrete composition. In this study the author verified
the direct relationship between the aggregate density and the
ultimate strength range of the developed concrete.

These are the one works that motivate the study of the
technical viability of the use of CDW obtained from
concrete posts, in the composition of a concrete for
structural purposes, since the source of the aggregate
guarantees a homogeneity of its characteristics, both in
relation to the density and the constituent materials and other
features.

The viability of using this aggregate also enables the
sustainability of posts production chain that grows every
year along with urbanization, since the steel obtained from
the demolition of the posts is already recycled and used for
other purposes.

According to data provided by the company of electricity
distribution in the state of Tocantins, [10], in 2019 3,940
reinforced concrete posts were discarded. According to the
company, the main factor in the demolition of electricity
distribution poles is the collision of cars, which damages
completely the posts. Table 1 shows the number of posts lost
in 2019 per month and the monthly average.

Table 1. Number of damaged posts during 2019.

Month Quantity of posts
January 124
February 218
March 297
April 222
May 293
June 243
July 371
August 270
September 277
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October 515
November 630
December 480
Total 3.940
Monthly Average 328
1. METHODOLOGY

In order to achieve the proposed objectives, the applied
experimental methodology compared the results of
resistance to compression and flexion of samples from posts
dosed with conventional concrete and concrete posts with
the substitution of natural coarse aggregate for recycled
aggregate.

2.1 Sample preparation and crushing

In this phase, the preparation of the post residues was
carried out, with the separation of the concrete from the steel
bars. The removal of the bars was made manually in the
company that manufactured the posts, with the aid of mallets
and pneumatic hammers.

After the separation, the demolished concrete was sent
for crushing in a jaw crusher, in order to obtain a similar
granulometry to that of the natural aggregate, with a
maximum characteristic length of 19 mm, the same
maximum characteristic length of the natural aggregate with
the removal of the fine material.

2.2 Characterization of the aggregate

Following the parameters of [11], the granulometric
compositions of the coarse aggregate were determined, both
natural and recycled, as well as the granulometry of the
coarse aggregate.

To determine the specific mass and unit mass of the fine
aggregate, the guidelines of [12] were adopted, it should be
noted that only natural fine aggregates were used. For coarse
natural (pebble) and replacement aggregates, the same
determinations were made based on [13].

2.3 Concrete dosing

In this stage, the concrete was produced with the
reference mix design, dosed by the method of the Brazilian
Portland Cement Association (ABCP) and with the
replacement of the coarse aggregate crushed concrete from
the discarded posts.

This method consists of collecting data in the laboratory
of the materials used in the production of concrete, they are:
fineness modulus (MF), maximum characteristic length
(MCL), humidity (h%), specific (y) and unitary (3) mass.
From the data obtained, tables and graphs were used to
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support obtaining the appropriate proportions for the mix
design.

The fck (characteristic strength at 28 days) of 25 MPa
was defined for an aggressiveness class I [14], a moderate
aggressiveness class and a low risk of deterioration of the
structure. Another characteristic adopted was a concrete
slump equal to 50 £ 10mm.

Based on the mix mass, it was calculated the
consumption of the inputs needed to make 6 specimens for
each mixture, in percentages of 0%, 25% and 50% of
replacement.

2.4 Characterization of dosed concrete

In the fresh state, for the determination of the slump of
the material, the criteria presented in [15] were used, which
determines the consistency by slump of the cone trunk,
known as slump test.

In the hardened state, tests were carried out to determine
water absorption, void ratios and specific mass, resistance to
axial compression and, finally, bending tests on posts
manufactured with the new concrete matrix.

The determination of water absorption, void ratios and
specific mass were made based on [16], for this assay, two
specimens were molded for each mixture, totaling 6 (six)
specimens.

Three mixtures were performed, 6 specimens per
mixture, totaling 18 specimens which, according to [17],
were molded with 10x20 centimeters for each sample. After
28 days of normal curing, the samples were taken to the
hydraulic press and broken according to [18], in order to
obtain their compressive strength.

2.5 Bending Test on electric posts

The last and main test performed is the bending test on
posts, which seeks to verify the resistance of the posts when
subjected to bending efforts. 6 poles with a height of 7.5m
were molded and tested according to the standard
requirements of [19].

The procedure consists of the following stages:

The setting of the base of the post to the test bench, with
the length provided by the following equation:
L
e=15 + 0,60
Where: “L” is the nominal pole length in meters and “e”
is the footing length in meters. With the footing measure
thus obtained, the post is fixed to the bench.

The distance from which the effort should be applied to
the top of the post must be 200mm. The application and
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withdrawal of effort should always be slow and gradual,
avoiding sudden sweeping of the load during the tests.

With the post set, the effort Rn, corresponding to its
nominal resistance, was applied at a distance of 200mm
from its top, for at least 1 (one) minute, to allow the
accommodation of the footing.

After the setting, an effort is applied at 1.4 times the Rn,
corresponding to the minimum rupture load of the pole, for
a minimum of 5 (five) minutes. After the time of the first
application, the load is progressively increased until the
rupture load of the part is obtained.

1. RESULTS AND DISCUSSIONS
3.1 Granulometry

The results of the granulometric characterization test of
the natural fine aggregate revealed the fineness modulus of
3.39mm and the maximum characteristic length and 4.8mm.

In the analysis of the results collected in the
granulometric characterization of the recycled aggregate
(Figure 1 1), it was found a better distribution among the
fractions retained on the sieves when compared to the
natural aggregate.

—+— Recycled aggregate
Ganulometric compositions of the coarse aggregate
=*= Matural aggregate

Acumulated (36]

Pufoo ofs o3 ol 2 e ez &3 g ads

-

Sieve openings size ([mm)
Fig.1: Granulometric distribution of coarse aggregates.

The result of this is a higher percentage of material with
a diameter of less than 12.5mm as well as a greater amount
of powdery material in the sample, which can affect the
slump and resistance of the dosed concrete, since this
material can subtract hydration water and kneading of the
cement.

3.2 Water absorption, specific and apparent mass.

The specific mass, apparent mass and water absorption
values of recycled and natural coarse aggregates can be
observed in the table below.
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Table 2. Results of water absorption, specific and apparent
mass of the aggregates.

Properties Natural Recycled
Aggregate Aggregate
Water Absorption (%) 1.19 2.88
Especific mass (kg/ms3) 2,650 2,560
Unit Mass (kg/m3) 1,360 1,270

The percentage of water absorption by the recycled
aggregate is much higher than that of the natural aggregate,
a common situation when it’s about demolition material.
The presence of fine aggregate and the porosity of the
demolished concrete are the main responsible for the
absorption of the mixing water, which ends up impairing the
workability of the dosed concrete.

For the fine aggregate used, the specific and apparent
mass values found are shown in the table below.

Table 3. Values of specific and unit mass of the fine

aggregate.
Properties Natural Aggregate
Especific Mass (kg/m3) 2,630
Unit Mass (kg/m3) 1,670

3.3 Concrete mix design in mass

The dosages elaborated according to the ACI method, to
resist the compression of 25 MPa, which is the adequate
strength for the manufacture of new concrete posts, with
slump of 200mm for reinforced parts, with a deviation of 4.0
for reasonable control, resulted in the mass proportions
shown in table 04

3.4 Slump

The dosage made with natural aggregates showed good
workability and consistency within satisfactory standards,
observing the standards established by [20] and [21]. The
table 4 shows the results obtained for both mix designs.

Table 4. Slump values for different dosages.

even though, within the tolerance limits of +/- 2.0 mm of the
slump test.

3.5 Concrete in the hardened state

According to the adopted methodology, tests were
carried out on cylindrical shape specimens and on molded
posts. At 28 days of curing, axial load and water absorption
tests were made on the cylindrical specimens, at CEULP /
ULBRA materials and structures laboratory, in Palmas -
TO.

The results of resistance and absorption can be seen in table
5.

Table 5. Values of compressive strength and water
absorption by concrete.

Concrete Rupture Stress Average
Specimen Average (MPa) | Absorption (%)
Reference 28.05 3.85

25% 26.40 3.59

50% 25.65 4.54

Properties Reference 25% 50%

Slump 110mm 100mm 85mm

What is observed is that the dosage with 25% recycled
coarse aggregate did not show a substantial change in its
workability when compared to the reference mix design.
However, on the second mix design, with a 50%
substitution, there was a reduction in the concrete slump,
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Both results of compressive strength and water
absorption remained within the adopted reference values.
[22] fixes the average absorption of the specimens by up to
5.5% and the individual limit of water absorption by
concrete, for electric posts, up to 7%.

3.6 Bending resistance

The bending tests (Figure 2) were carried out at the
company Concreto Artefatos de Cimento in Araguaina
Tocantins, with 6 posts of 5m length, two specimens of each

Fig.2: Bending test on molded posts.

Deflection results were obtained with the project load
(150 kgf), residual deflection, number of cracks, in addition

Page | 4


https://dx.doi.org/10.22161/ijaers.79.1
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.79.1

[Vol-7, Issue-9, Sep- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

to the modulus of rupture. Table 6 shows the results obtained
during the experiment.

Table 6. Deflection values, rupture load and number of
cracks in posts tested on bending.

Post Deflecti | Residu Number of Modul
on (cm) al Cracks us of
Deflecti Face | Face Ruptu
on (cm) A B re
kgf
(Min | (Maj (ko)
or or
inerti | inerti
a) a)
Refere | 24 35 17 14 350
nce -
Post 1
Refere | 23 35 23 17 350
nce -
Post 2
25% - | 22 35 26 21 330
Post 1
25% - |23 35 19 20 300
Post 2
50% - | 24 2,0 33 27 300
Post 1
50% - | 24 2,0 38 29 300
Post 2

As noted in the table above, the deflections for the
nominal load of 150 kgf applied in the direction of lower
inertia did not exceed the limit established by [19]. The
deflections of all evaluated posts were within the range of
5% of their height, which corresponds to 37.5 cm.

The residual deflections measured after the removal of
the load were below the established limit, 0.5% of the post
nominal length

The posts with 25% replacement showed residual
deflections identical to those of the posts with a reference
mix design, while the posts molded with 50% replacement
showed a reduction in their residual deflections, which may
be an indication of an increase in their elasticity module (less
plastic deformation), still, meeting the parameters of the
standards for concrete posts.

The number of cracks when applying the force of 140%
of the nominal load value was accentuated in posts with 50%
replacement, however, with their holes remaining below the
limit of 0.30mm. After the load ceased, the cracks closed,
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becoming capillary pores, meeting the requirements of the
standard, as shown in Figure 3.

&;} -7 S ‘*?w"*.x S |
i = 3 AT 2

Fig.2: Identification of closed cracks after bending test.

As for the rupture load, all posts reached similar results
ranging from 300 and 350 kgf, both meeting the minimum
of twice the nominal load value (150 kgf) established by the
standard for concrete posts.

V. CONCLUSION

The results obtained in this study were confirmed when
compared with the concepts used in the research and through
experimental tests.

It can be said that the use of recycled concrete
aggregates, originating from the crushing process of waste
posts, presents itself as a potential solution for the
manufacture of new concrete electric posts. Its quality
allows a satisfactory behavior from the point of view of its
mechanical resistance, the main aspect observed in the
approval and acceptance of a concrete pole.

It is verified that the use of recycled concrete aggregates
contributes to the removal of a significant volume of waste
per discarded unit, thus contributing to a reduction in the
amount of material that could be discarded. Not least, there
would be a decrease in the extraction of natural aggregates
obtained from mineral deposits.

REFERENCES

[1] JOHN, V. M.; ANGULO, S. C.; KAHN, H. Controle da
qualidade dos agregados de residuos de construcdo e
demolicdo reciclados para concretos a partir de uma
ferramenta de caracterizacdo. 2006.

[2] ANGULO, Sé. C.; JOHN, V. M. Normalizagdo dos
agregados graidos de residuos de construcdo e demolicéo
reciclados para concretos e a variabilidade. 1X Encontro
Nacional de Tecnologia do Ambiente Construido, p. 1613-
1624, 2002.

Page | 5


https://dx.doi.org/10.22161/ijaers.79.1
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.79.1

[Vol-7, Issue-9, Sep- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

(3]

(4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]

PINTO, T.P. Metodologia para a gestdo diferenciada de
residuos solidos da construgdo urbana. S&o Paulo.189p. Tese
(Doutorado) — Escola Politécnica, Universidade de S&o
Paulo. 1999.

MOREIRA, L. H. H. Avaliagdo da influéncia da origem e do
tratamento dos agregados reciclados de residuos de
construgdo e demolicdo no desempenho mecénico do
concreto estrutural. 2010. Tese de Doutorado. Universidade
de Séo Paulo.

PIETRA, L. Avaliacdo do concreto com agregados graiidos
reciclados e residus de construgdo e demoligdo reforcado
com fibras de aco. 2005. 129 p. Dissertacdo (Mestrado).
Escola Politécnica da Universidade de Sdo Paulo, Séo Paulo,
2005.

CARRIJO, P. M. Andlise da influéncia da massa especifica
de agregados graudos provenientes de residuos de
construgdo e demolicdo no desempenho mecénico do
concreto. Sao Paulo: USP, 2005. Dissertagdo (Mestrado em
Engenharia Civil), Escola Politécnica da USP, Universidade
de Sdo Paulo, 2005.

MIRANDA, L. F. R.; ANGULO, S. C.; CARELI, E. D. A
reciclagem de residuos de construcéo e demoligdo no Brasil:
1986-2008. Ambiente Construido, v. 9, n. 1, p. 57-71, 2009.
TENORIO, J. J. L. et al. Avaliacdo de propriedades do
concreto produzido com agregados reciclados de residuos de
construcgdo e demolicdo visando aplicacGes estruturais. 2007.
GOMES, S. C.; PIMENTEL, L. L. Anélise da viabilidade de
incorporagcdo de agregados reciclados provenientes do
beneficiamento de residuo classe A na produgéo de concretos
€20 e ¢30. 2015.

ENERGISA. Relatorio interno de geracdo de residuos
sélidos. Palmas, Tocantins. 2016.

ABNT. NBR NM 248. Agregados - Determinacdo da
composicdo granulométrica. Rio de Janeiro 2003.

ABNT. NBR NM 45. Agregados - Determinagdo da massa
unitaria e do volume de vazios. Rio de Janeiro 2006.
ABNT. NBR NM 52. Agregado mitdo - Determinagdo de
massa especifica e massa especifica aparente. Rio de Janeiro
2009.

ABNT. NBR 6118. Porjeto de estruturas de concreto —
procedimento. Rio de Janeiro 2014.

ABNT. NBR NM 67. Concreto - Determinacdo da
consisténcia pelo abatimento do tronco de cone. Rio de
Janeiro 1998.

ABNT. NBR 9778:2009 Argamassa e Concreto
Endurecidos: Determinacao da Absorcdo de Agua, indice de
Vazios e Massa Especifica. Rio de Janeiro, 2009. 3 p.
ABNT. NBR 5738:2015. Concreto — Procedimento para
moldagem e cura de corpos de prova.. Rio de Janeiro, 2015.
ABNT 5739:2018. Concreto — Ensaio de compressdo em
corpos de prova cilindricos. Rio de Janeiro 2018.

ABNT. NBR 8451-3. Postes de concreto armado e
protendido para redes de distribuicdo e de transmissdo de
energia elétrica - Parte 3: Ensaios mecanicos, cobrimento da
armadura e inspecéo geral. Rio de Janeiro 2020.

www.ijaers.com

[20] ABNT. NBR 11172 Th 371 - Aglomerantes de Origem

Mineral. Rio de Janeiro 1990.

[21] ABNT. NBR 12655. Concreto de cimento Portland —

Preparo, controle, recebimento e aceitacdo — Procedimento
Rio de Janeiro 2015.

[22] ABNT. NBR 8451-4. Postes de concreto armado e

protendido para redes de distribuicdo e de transmissdo
deenergia elétrica - Parte 4: Determinacdo da absorcdo de
agua. Rio de Janeiro 2020.

Page | 6


https://dx.doi.org/10.22161/ijaers.79.1
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.79.2

[Vol-7, Issue-9, Sep- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

Coastal regionalization with self-organizing
maps-Water quality variables applied to cluster

formation

Oliveira, Bruno Meirelles'”; Carneiro, Cleyton de Carvalho?; Harari, Joseph?;

Belosevich, Pablo de Sosa*

Unstitute of Energy and Environment of the University of Sao Paulo, Brazil.

2Polytechnic School of the University of Sdo Paulo, Brazil.
30ceanographic Institute of the University of Sdo Paulo, Brazil.

“Institute of Energy and Environment of the University of Sdo Paulo, Brazil.

*Corresponding author

Abstract— Human sewage disposal can interfere with water quality and thus diminish the ecosystem
services provision, including Phytoplankton lifespan. Understanding the role played by sewage disposal in
water quality can be useful not only for tourism planning but also for characterizing beaches based on
water quality using secondary data and avoiding the costs of sampling and monitoring. The objectives of
this paper were to understand the water quality behavior at several small bays in a coastal city of Brazil
and to test the use of self-organizing maps in forming clusters similar to those derived from geomorphology
and to understand how representative these maps were of the water quality of the whole city. According to
our results, self-organizing maps showed similar behavior to geomorphological processes, confirm the
hypothesis of cluster formation due to quality and also presented a new pattern of data variation related to

seasonality that was not noticed before in the sampling.

Keywords— Batheability, self-organizing maps, coastal management, water quality.

. INTRODUCTION

Marine ecosystem services (ES) such as supplying
fisheries, carbon sequestration, food provision, and
recreation—all of which make an undeniable contribution
to human well-being—are being affected by changes in the
climate system (Costanza, 1997;Pauly, 2005; Beaumont et
al., 2007; de Groot, 2012). Ocean ES contribute more than
60% of the total economic value of the biosphere
(equivalent to almost US$21 trillion per year [1994 US$];
Costanza et al., 1997). De Groot (2012) shows an average
income from coastal zones of $2,384.00/ha/year from food
provision plus $256/ha/year from recreation. These values
reinforce the importance and irreplaceability of marine
ecosystem services, putting their management firmly on
the decision-making agenda. However, despite various
initiatives in this direction, including the development of
an ecosystem approach to fisheries management (Pauly,
2005) and an assessment of the state of health of the global
ocean (Halpern et al., 2012), ocean management is still
neglected by governments, even at the highest international
level.

One of the issues most relevant to ocean
ecosystem services is that related to phytoplankton
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(photosynthetic microalgae), which are responsible for
50% of global annual marine net primary production
(NPP). Phytoplankton, which link the atmospheric and
ocean carbon cycles via the biological carbon pump, have
crucial importance in trophic chains and ecological balance
(Rither, 1969;Field et al., 1998;Falkowski and Oliver,
2007;Falkowski and Raven, 2007;Behrenfeld, 2014). The
study of phytoplankton within the marine realm is of vital
importance, given the threat of climate change and its
knock-on effects on local oceanographic regimes
(Armbrecht et al., 2014).

Human sewage disposal can interfere with
phytoplankton communities and affect the ecosystem
services they provide (KIMOR, 1992), including the
recreational use of beaches. Sewage, because of it organic
contents, impacts the marine ecosystem when discharged
into the ocean, providing high nutrient loads to the coastal
zone, especially of nitrogen (N) and phosphorous (P).
Furthermore, a high seasonal flow of tourists, together with
their related economic attributes, contributes to a
significant increase in sewage rates, and this directly
interferes with the nutrient rates available for
phytoplankton.
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This problem is not new, but the perspective of a
coastal city losing income due to human sewage in the
water is still alive. That is why, since the 1980s, the
environmental protection agency of the state of Sdo Paulo
in Brazil has had a program dedicated to monitoring
seawater quality and to informing the population of the
batheability of coastal waters. We used their data from
2004 to 2015.

Nevertheless the amount of data produced by this
monitoring program is overwhelming and then the use of
some sort of artificial intelligence is necessary. Although
sewage discharge is a global problem, our case study
focuses on Ubatuba, a small coastal city in southeast S&o
Paulo state, Brazil, with a 200 km long coastline. The city
has been designated a priority zone by Brazil’s National
Council of Tourism, through a Federal Decree: the
diversity of its natural resources makes it a place of high
ecological importance, with tourism as its main economic
activity (IBGE, 2015).

The city has several beaches with low human
interference, as well as beaches with a moderate to high
human presence which presents some issues regarding
scale and representativeness of each of those beaches in the
overall picture of the city.

In this paper we discuss the formation of clusters

of beaches along the coastline, created by several natural

bays, using water quality data. Then, the individual
participation of the clusters in the overall picture of the city
is presented and discussed.

Finally the goal of this paper was to discuss the
application of self-organizing maps to batheability data to
understand variations in coastal attributes. More specific
questions relate to: i) the representatives of geomorphology
in the overall settings;ii) the possibility of artificial clusters
being correlated and representing a coherent group of
data;iii) the use of SOMSs to create an overall picture of
Ubatuba;iv) how individual collaborations fit into the
overall picture; and finally v) the emergence of unnoticed
patterns in the data. This paper does not represent a novelty
in artificial neural network research but may be useful for
local management and sustainability.

1. METHODS

Ubatuba case study

The Ubatuba municipality in Sdo Paulo, Brazil, is
located on the northern coast of Sdo Paulo state (Figure 1)
and has an approximate area of 723,883 square kilometers:
87.04% of the area is covered by native vegetation and
68% lies within a protected area (IBGE, 2015). Ubatuba’s
economy is seasonal, its predominant development factor
being tourism (SMA / CPLEA, 2005).

Fig.1: Location map of the north coast of Sdo Paulo. Ubatuba is the dark-shaded area

HRTW

Source: Karlla Arruda (2017)
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It has been estimated that, over the last ten years,
the city has welcomed more tourists each year than its
actual number of inhabitants (CETESB, 2013; SEADE,
2015). In recent decades, the coastal region of Sdo Paulo
has been undergoing significant environmental changes
because of intense land use transformation, demographic
expansion, and investment inflows into large projects.

Among the major impacts suffered by the region,
are tourism and fishing-related impacts on marine
ecosystems, as well as impacts caused by high load
effluents released to water bodies. Note that the sewage
system of the city has only 27.65% coverage (IBGE, 2010)
which has increased to 50% currently (CETESB, 2016).

To understand the complex and dynamic behavior
of water quality, we directed our focus to sewage disposal
as a hypothetically influential factor with respect to the
marine ecosystem.

The data set we used to analyze the sewage
discharge to the ocean was the annual report on
batheability published by the environmental agency of the
state of Sdo Paulo. The annual report presents weekly data
on the amount of thermo tolerant coliforms?® collected at 26
sampling points on beaches along the entire city coastline.
One was discarded because the sampling point—although
very close to the beach—was on a river, which was
considered to be a different environment.

The remaining 25 samples showed the presence of
coliform concentrations. There were two distinct issues
regarding the use of these data in further dynamic analysis.
First, if we were to use statistical analysis (average values),
all variation would disappear (Figure 8), and the variations
are where the batheability problems can best be seen.
Second, not all the data can be considered in the same
analysis because the quantity of information is colossal
(Figure2).

Figure 2 shows the distribution of batheability
data from one sample point. Although the volume of data,
just for one point, is huge, no pattern can be perceived. We
then converted weekly data into monthly data,
transforming 572 samples into a more manageable 143
samples. We obtained the linear tendency, shown as the
dotted line in Figure 2.

When analyzing the database for the entire coast,
we found an issue related to scale in the sense that we
could not use whole city scale. Merging all the data meant

! The thermotolerant coliforms are used as indicators of
recent fecal pollution because they present high densities
of feces, which are collected by the sewage network
(CETESB, 2013). Available on:
<http://www.cetesh.sp.gov.br/agua/praias/25-publicacoes-

/-relatorios>
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losing peaks of sewage disposal and lack of batheability,
making the city seem like an ecological paradise.
Moreover, using every monitored beach as an individual
study meant losing the overall picture. Thus, to analyze the
batheability of the entire coast, we had to cluster sampling
points to make the analysis feasible.

Avrtificial neural networks and simulations

The information revolution during the last decades
has altered the traditional water quality management,
planning and decision making (Chau, 2006). Same author
claims that four types of models have been used to help
researches in coastal water quality management:
knowledge-based systems (where the decision making can
be simulated in an automatic algorithm); Genetic algorithm
(simulating natural evolutionary processes and applying
them in solving problems); Fuzzy inference systems (when
objectives and constrains are vague and the systems are
imprecise); and Artificial Neural Networks - ANN (using
an information-processing  paradigm to  simulate
relationships that are not fully understood). This paper uses
one type of ANN analysis because the objectives are to
understand patterns presented in data and not well
understood by the researchers and considering it has been
used before by other researchers (Maier and Dandy, 1996,
Muttil and Chau, 2006; Singh et al., 2009; Najah et al.,
2013)

Self-organizing maps

Self-organizing maps (SOMs) are a computer
algorithm dedicated to analyzing and interpreting large
data sets. The technique is also known as Kohonen maps in
honor of the developer of the method.

The main goals of SOMs are to understand and
analyze big data and propose results in a “meaningful
fashion” (Fraser and Dickson, 2007). Since their discovery,
SOMs have been used in finance, industrial control, speech
analysis, astronomy, to analyze seismic activity, and in the
geochemical and petroleum industry (Fraser and Dickson,
2007). A broad review applied to ecology showed SOMs
being used at several hierarchical scales within biology,
such as molecules and genes, organisms and ecosystems,
and in different ways, ranging from molecular response to
poisons to patterning macro invertebrates in coastal
ecosystems (Choon, 2011).

Aguilera et al. (2001) also used SOMs to forecast
water quality variations due to disposal of human sewage
from tourist cities off the Spanish coast. In a broad
comparative study using SOMs and other algorithms
focusing on ecological data, it was concluded that SOMs
area powerful machine that is perfectly suited to ecological
studies, Giraudel and Lek (2001) also recommended SOMs
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“to be used in an exploratory approach in which
unexpected structures might be found.”

One of the mains advantages of SOMs is the
simultaneous clustering of objects and variables (sampling

UFC/100mL
588883

P3

locations; Olkowskaet al., 2014). The method can also be
used to predictor estimate data, pattern recognition, noise
reduction, classification, and clustering (Fraser and
Dickson, 2007).

Fig.2: Distribution of sample point P1

Source. The authors

Kohonen maps, unlike normal maps, are formed
by a regular grid of (commonly hexagonal) cells. These
cells are called neurons and the number of neurons is
proportional to the size of the samples (5\Vnumber of
samples).

Neurons are special cells that represent an amount
of data (input vectors or seed vectors) inserted (seeded)
into the machine. The algorithm will then classify the
data—a process called training. In this phase, all input
vectors are translated into neurons. This process occurs in
two steps, the first being competitive and the second
cooperative.

The algorithm sees all the input vectors (in our
case water quality values) displaced as a layer within a
two-dimensional form (with this being repeated many
times, as the variables demand). The normal hexagonal
grid is applied over this distribution in such a way that
every input vector underlies one or more hexagons on the
neuron layer. Theclosera hexagon is to the input vector, the
higher the probability of this hexagon becoming the so-
called best- matching unit(BMU). This occurs in a
competitive way between the hexagons (neurons), meaning
that the closer the neuron is from the input vector, the
higher its probability of winning the representation of that
vector. At the end of this competitive phase, every input
vector is replaced by its best-matching neuron.

The cooperative phase moves all the best-
matching neurons within a given radius in the direction of
the data they represent, inside the data space, changing a
small percentage of their attributes so that they better
represent the data they are replacing. In other words, the
data topology is preserved from the competitive phase, but
cooperation means that every neuron will move toward the
data it represents, with few changes in its attributes, and
this movement will influence all the other neurons to move
along a little. The movement in the cooperative phase is
performed individually for each neuron, but as each neuron
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pushes all its adjacent neurons, the movement subsequently
affects all neurons.

The starting point is important for the final result.
The final overview will be different for each neuron
depending on its program starting point. The topology
remains invariable, independent of the stochastic
characteristics of the process. After hundreds or thousands
of iterations have been run, the final result is a trained
(self-organized) map.

This self-organized map is a “2D representation of
a complex multi parameter data set” (Fraser and Dickson,
2007), and some visual exploration of the data can be
made(U-matrix and component plots). Unified Distance
Matrix (U-matrix) indicates how close adjacent nodes are
on the map, typically using Euclidean distance. Component
plots are another visualization of the neurons where it is
possible to see each contribution for a particular variable
(beaches in our study) and to display the values using a
color—temperature scale so that low values are blue and
high values are red.

The errors in the process are measured in two
forms, the topographic error (TE) and the quantization
error (QE). TE is a measure of the topological preservation
errors of input vectors; QE is a measure of the average
distance between each input vector and its BMU.
Topologies and distances are very important, as they
assume that “close placed planes are indication for similar
behavior or correlation between respective variables”
(Olkowska et al., 2014).

One of the best features of SOMs and the main
reason for their use in this type of work is that SOMsarean
unsupervised method of cluster formation. This means that
there is no need to observe the algorithm working, or to
eventually help it with some parameterization and decision
(supervision). SOM works alone.
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1. RESULTS
Clustering process—Batheability time series.
The bathing data cover the period from 2004 to

Paulo environment protection agency (CETESB) - number
of colony-forming units (CFU/100 mL) for thermo tolerant
coliforms. The distribution of the sampling points can be
seen on the map in Figure 3.

2015, using the best available data from the State of S&o
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The geomorphological criterion we adopted was
based on the hypothesis that the bays and coves in the
region tend to have similar characteristics in terms of a
lower water circulation rate than the more open regions on
the coast.

However, the question arises as to whether this
criterion, based on geographic observation and the
characteristics of the bays, would be the best one for
analyzing all the region’s beaches with respect to the load
of pollutants presented by each. To address these issues,
we developed two approaches: first, we performed a
statistical analysis and second, we compared the results of
this with self-organizing maps.

For the statistical analysis, the correlation between
the beaches comprising each bay was verified. All the data
were tested for their normality with Minitab® statistical
software, and their on-parametric distribution was noted.
Because of this, the Spearman correlation, which is
appropriate for this type of data set, was applied. The level
of significance was set at least 5% (p value <0.05),
rejecting the hypothesis that there is no statistically
significant correlation for cases where the p value is less
than 0.05. The results are shown in Table 1, where the
present value of all analyses is less than 0.05: this
supported the existence of a statistically significant
correlation and that the geomorphological criterion adopted
made sense from the statistical point of view.

Table 1. Correlation analysis for each cluster

Baia 1
Pulso Maranduba Sapé Lagoinha Rua Engenho
Correlagdo| p Valor |Rejeita HO ?| Correlagao p Valor Rejeita HO ? | Correlacdo| p Valor |RejeitaHO?| Correlagdo | p Valor |Rejeita HO?
Maranduba 0,098 0,014 SIM
Sapé 0,114 0,004 SIM 0,581 0,0000 SIM
Lagoinha rua engenho 0,085 0,034 SIM 0,489 0,0000 SIM 0,454 0,0000 SIM
Lagoinha camping 0,105 0,009 SIM 0,409 0,0000 SIM 0,434 0,0000 SIM 0,452 0,0000 SIM
Baia 2
Dura Domingas Dias Lazaro
Correlagdo| p Valor |Rejeita HO ?| Correlagdo p Valor Rejeita HO ? | Correlagdo| p Valor |Rejeita HO ?
Domingas Dias 0,427 0,0000 SIM
Lazaro 0,543 0,0000 SIM 0,397 0,0000 SIM
Sununga 0,353 0,0000 SIM 0,418 0,0000 SIM 0,369 0,0000 SIM
Baia 3
Perequé - Mirin Santa Rita
Correlagdo| p Valor |Rejeita HO ?| Correlagdo p Valor Rejeita HO ?
Santa Rita 0,475 0,0000 SIM
Enseada 0,41 0,0000 SIM 0,427 0,0000 SIM
Baia 4
Toninhas Praia Grande Tendrio
Correlagdo| p Valor |Rejeita HO ?| Correlagdao p Valor Rejeita HO ? | Correlagdo| p Valor |Rejeita HO?
Praia Grande 0,471 0,0000 SIM
Tenodrio 0,398 0,0000 SIM 0,503 0,0000 SIM
Praia Vermelha 0,297 0,0000 SIM 0,324 0,0000 SIM 0,27 0,0000 SIM
Baia 5
Itagua 1 Itagua 2 Iperoig Perequé agu
Correlagdo| p Valor |Rejeita HO ?| Correlagao p Valor Rejeita HO ? | Correlagdo| p Valor |RejeitaHO?| Correlagdo | p Valor |Rejeita HO?
Itagud 2 0,594 0,0000 SIM
Iperoig 0,436 0,0000 SIM 0,508 0,0000 SIM
Perequé agu 0,403 0,0000 SIM 0,475 0,0000 SIM 0,48 0,0000 SIM
Vermelha do Norte 0,338 0,0000 SIM 0,336 0,0000 SIM 0,359 0,0000 SIM 0,412 0,0000 SIM
Baia 6
Rio Iltamambuca Itamabuca Félix
Correlagdo| p Valor |Rejeita HO ?| Correlagdo p Valor Rejeita HO ? | Correlacdo| p Valor |Rejeita HO?
Itamambuca 0,343 0,0000 SIM
Félix 0,316 0,0000 SIM 0,436 0,0000 SIM
Prumirim 0,094 0,0180 SIM 0,134 0,0010 SIM 0,169 0,0000 SIM

Source. The authors

Results of Self-organizing maps

Ubatuba unified matrix presents the distribution of
the data after the treatment with SOM algorithm. It is
presented in three visual forms (Figure 5): i) node
representation; ii) smoothed; and iii) 3D. This U-matrix is
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a spatially explicit representation of the neurons trained by
the SOM algorithm and ultimately represents the data set
inserted into the program. Red cells represent great
dissimilarity between data and blue cells represent great
similarity.
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U-matrix

U-matrix

b

Fig.5: Ubatuba U-matrix for all data sets: i) U-matrix showing neuron patterning; ii) smoothed version; iii) 3D plot of the
same pattern

Source. The authors

The U-matrix allows a comparative study of the
groups of data (sample points) included in the analysis.

The universe of several U-matrices is made up of

1.1
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component plots which provide visual information on the
particular contribution of every sample point of the whole
formation of the Ubatuba U-matrix (Figure 6).

10 P2 09 p7
4
°5E ho ’i
12 13
p p 08
0
p18 15
0
2Umatnx
32
0.0

Fig.6: Ubatuba component plots showing contributions of every sample point to the total profile (U-matrix)

Source: The authors

The visual analysis of those beach pro files
allowed us to grasp that some of the sample points are
highly representative of Ubatuba’s general profile, namely,
points p2, p4, p5, p6, p7, p8, p9, pl2, pl15, pl16, p18, pl9,
p22, p23, and p25. These are understood as being the
cleanest beaches or even the least frequently polluted.

www.ijaers.com

Other points clearly present other distribution
patterns, namely, p3, p10, p1l, pl3, pl4, pl7, p20, and
p21. These are taken to be the most polluted points or those
with a more variable pollutant-dispersion pattern
throughout the year.
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Table 2. Names and codes for each sample point

Nameandreferencenumberof Ubatuba Sample Points

Name N° Name N° Name N° Name N° Name N°
Pulso 1 Dura 6 Santa Rita 11 Praia Vermelha 16  Vermelha do Norte 21
Maranduba 2 Domingas Dias 7 Enseada 12 Itagudl 17 Itamambuca 22
Sapé 3 Léazaro 8 Toninhas 13 ltagua2 18 Félix 23
Lagoinha 4 Sununga 9 Praia Grande 14 Iperoig 19 Prumirim 24
Lagoinha 5 Perequé Mirim 10 Tendrio 15 Pereque-Agu 20 Picinguaba 25

(Camping)

Source. The authors

The map in Figure 5 (a and b) is a 2D
representation of a toroid, that is, an nD figure. To
visualize this, join the upper border to the lower border to
form a horizontal tube. Then link the beginning and the end
of the tube to form a never-ending tube ortoroid.

The figure thus formed raises the suspicion that is
possible to have different clusters of data within the
samples. However, the assumption that the U-matrix is
produced stochastically cannot be confirmed without a
further specific test—the k-means clustering test—an
algorithm created for the analysis of clustering processes.

Fig.7: K-means representing clustering of Ubatuba batheability data.

Source: The authors

The k-means is represented in Figure 7. The
cluster formation is determined by the David-Boulding
Index (DBI), a subroutine on the k-means algorithm. The
DBI represents the number of clusters found in the
analysis, in this case, 2. Assuming that the DBI is
stochastic and that the results depend on which data in the
data set the algorithm begins the calculations with, the
procedure to obtain the DBI was repeated 70 times and the
most frequent number was selected (2).

The maps show an island of dissimilarity within an ocean
of similarity. Considering local reality, this can mean two
different possibilities: first, that the data vary as a function
of geomorphology, meaning that the most populated
beaches have a different pattern of sewage disposal
compared with the most isolated ones; or, second, that
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there is a temporal pattern of waste disposal occurring only
within a time interval determined by the data, in other
words, there is seasonal variation

Iv. DISCUSSION

The results obtained using statistical analysis were
clear and corroborate the geomorphological hypothesis of
clustering. This result could be useful for grasping the
behavioral characteristics of each individual bay and what
locally adapted policies need to be developed to enhance
water quality and displace sewage pollution.

The SOM clustering does not show whether a bay
is polluted or not, as expected. However, results did give us
several insights into the dynamics of the complex sewage
dispersal system on the coast.
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SOMs organized the information for all beaches
and showed that there is a strong pattern of sample division
into two main realms (Figure 7). Atfirst glance, we could
not understand if this was due to seasonality or to the
north-south position of the bay. However, when we
compared individual collaborations to overall behavior
using component plots (Figure 6), the latitudinal variation
of samples does not make sense—the two groups formed
have interpolated samples, which discards that possibility.
The results show a similar group (formed by p2, p4, p5, p6,
p7, p8, p9, p12, p15, p16, p18, pl9, p22, p23, and p25) and
also a dissimilar group (formed by p3, p10, pl11, p13, p14,
pl7, p20,and p21)

Understanding that the two groups are relative to
seasonal variations makes much more sense and also
allows us to focus on the problem group in order to prevent
pollution and expand sewage treatment.

Bay 1 (DBI=2)

Bay 4 (DBI=10)

Bay 5 (DBI=14)

Another positive application was that all the
variations in each point were organized into a suitable view
that not only allows the overall picture to be understood
(Figure 5) but also the particular collaborations
involved(Figure 6). To understand the city, it does not
make sense to analyze each sample point individually.
Analyzing every bay is possible (Table 1), but there are
still some variations that can perturb the analysis.

Figure 8 exhibits the k-means and David Boulding
index for every cluster formed using statistics. These
clusters are tested using SOMs, but they were artificially
formed using the geomorphological hypothesis and the
statistical analysis presented in Table 1. Nevertheless, they
present many more variations internally when compared to
the whole Ubatuba scenario obtained in Figures 5 and 7.

%

Bay 6 (DBI=4)

Fig.8: K-means and David-Boulding index for six clusters.

Source. The authors

This outcome represents the possibility of
exploring this tool to create representative maps of more
regional- and country-scale features, albeit ignoring some
local variations. This could help direct policy development.

V. CONCLUSIONS

In this paper we carried out clustering and pattern
analysis of a complex dynamic coastal system in Brazil,
using batheability time series (2004-2015).

To reach our goals, we used self-organizing
maps—a technology deployed to mine big data—to form
and analyze clusters by means of a
competitive/collaborative algorithm, and to compare
outcomes with traditional statistics (Spearman correlation).

The results show that geomorphology can be used
as a bias for understanding similarities within batheability
data and cluster formation. SOM was shown to be a
powerful tool for cluster formation when it was applied to
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coastal batheability, and it resulted in unexpected cluster
formations. The program was able to separate the whole
coast into two groups (pristine and seasonally influenced
areas) and was also used to test the remaining variations on
that six divisions pattern suggested by geomorphology.

SOMs of individual beaches, visually compared
with whole-city data results, showed that one group (more
pristine beaches) was more significant in the overall
picture. One final conclusion is that SOMsare more than a
substitute for statistics; they can be an additional tool for
working with coastal data.
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Abstract— Geographical Indications (Gls) refer to products and services with unique characteristics of a
given region, granting a certain level of excellence to these goods and services. Moreover, Gls are
connected to the locations, in recognition of their territoriality, as well as to the region’s cultural and
historical identity, being attached to the level of centrality of the region and promoting greater trust, as
centrality is directly linked to its catchment area. In this regard, the present work is aimed at carrying out a
temporal comparison of the centrality indices of the five groups of Geographical Indications in
Northeastern Brazil between the years of 2006 and 2017, in order to test the hypothesis established,
determining whether such event is enough to explain the influence of the products and goods on their
respective cities of origin. This is a quality-quantitative research, based on a bibliographic and
documentary survey by analyzing five GI groups from the Northeastern region of Brazil, focused on their
relative share of the Gross Domestic Product of private services in certain municipalities and taking into
account five higher-order spatial cutouts: microregion, mesoregion, state, region and country. Besides
determining the centrality indices, carried out using the well-known Principal Component Analysis (PCA),
the Analysis of Variance (ANOVA) was also applied. The results of the present research did not identify
any indications that granting Gls is enough to promote a distinct level of development to the municipalities.

Therefore, Gls did not exhibit any relevant effect on the municipal levels of centrality.

Keywords— Centrality, Geographical Indications, Northeastern Brazil.

l. INTRODUCTION

Two different theoretical frameworks comprise the
analytical support of the present study: the Central Place
Theory and Geographical Indication. The former theory
contributes to the perception that the existence of a
provision of services structure reflects the level of
development of a certain geographical location, with larger
stocks being associated to greater levels of centrality. On
the other hand, a Geographical Indication is a certification
that allows to not only add greater value to products, but
also to distinguish and qualify the production, boosting
development and making the production unique, as well as
creating competitivity in the internal and external market
through local production chains that are connected to the
territory of origin, to the unique traditions and customs.
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Brazilian geographical indications are regulated by Law
no. 9.279/96 (Industrial Property Law), which establishes
the National Institute of Industrial Property (INPI, in
Portuguese) as the entity responsible for granting a
certification of Geographical Indication according to
Normative Instruction PR no 095/2018, from 28/12/2018.
Geographical Indications are subdivided into Indication of
Provenience (IP) and Designation of Origin (DO). Between
2002 and 2019, 75 geographical indications were granted
by INPI in Brazil, consisting of 55 Indications of
Provenience and 20 Denominations of Origin, divided into
11 national DOs and 9 foreign DOs. According to the
national scenario in Brazil, the regions with the most Gl
grants are as follows: Southeast (22), South (20), Northeast
(14), North (06) and Central-West (04) (INPI, 2019).
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It is worth pointing out that the first GI granted in the
Northeastern region of Brazil was an Indication of
Provenience (IP) from the sub-medium S&o Francisco
Valley in 2009, located in the Brazilian semiarid (west of
the State of Pernambuco and north of the State of Bahia)
associated to the production of table grapes and mangoes.
Another important highlight for the Brazilian Northeast
was the first label of indication of provenience, granted to
Porto Digital, in the city of Recife, for its technological
services. Other Northeastern products with Geographical
Indications include: Black Coast Shrimp (from the State of
Ceard), Divina Pastora Lace (in the State of Sergipe) and
the Cariri lace (in the State of Paraiba), Abaira cachaca (in
the State of Bahia), green coffee grains, from the Coffea
Ardbica species (from the State of Bahia), opal and
artisanal jewelry of Pedro Il (in the State of Piaui), red
propolis from the mangroves of the State of Alagoas,
colored cotton from Paraiba, the melon from Mossoré (in
the State of Rio Grande do Norte), cajuina from the State
of Piaui and embroidery from the region of Alagoas de
Mundad-Manguaba (in the State of Alagoas). Only the
Northeastern State of Maranhdo does not hold a
geographical indication.

The Northeastern region of Brazil is the largest in terms
of the number of States, distributed over nine Federal
States: Alagoas, Bahia, Ceard, Maranhdo, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte and Sergipe. Its
territory comprises 1,554,257.0 m?, being the third largest
regional complex in Brazil, occupying 18.2% of the
country’s area (IBGE, 2010).

With this vast territorial extension, the country has a
myriad of products, with a wide range of cultural and
touristic identities, with a wvast environment and
biodiversity, besides the local knowledge of its territories.
In this regard, the Brazilian Northeast shows a great
potential for awarding Geographical Indications, granting
unique attributes to products and services, which have a
positive impact on aspects related to the local production
chains and to the development of the region.

With this in mind, the present work was aimed at
carrying out a temporal comparison of the performance of
centrality in the five subregions of Geographical
Indications in the Brazilian Northeast, between the years of
2006 and 2017, testing the influence hypothesis.

This hypothesis is based on the fact that the existence
of a Geographical Indication is able to hierarchize the
municipalities from the Northeastern region of Brazil, as
the municipalities with higher centralities are a reference in
terms of their social and economic organization.
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Il.  THEORETICAL BACKGROUND
Central Place Theory

The Central Place Theory (CPT) is an attempt of
explaining the nature of spatial arrangements, their sizes,
numbers and foundations. This conceptual design was
developed in 1933 by Walter Christaller, a German
geographer who studied the colonization patterns in
southern Germany (CANTARIM, 2015).

The results of his research conclude that cities of a
given size are approximately equidistant. The author
subsequently developed a combination of assumptions
taking into account the spatial arrangement structures and
their respective catchment areas, having then proposed a
model to be used in the interpretation of location patterns
of cities (HSU, 2012).

Such assumptions are rather strong and can be
combined into the following topics:

. a flat surface with little or no changes in its profile
as the distance increases (isotropic);

. Proportionally distributed economic resources;

»  Similar levels of purchase power of economic
agents;

. Consumption preference for closer markets
(aversion to travel);

. The markets are structured in a context of perfect
competition, in which the possibility of extraordinary
profits is inexistent.

According to the CPT, a central location is that which
exhibits a specific combination of goods and services to its
surrounding population, so that basic and ubiquitous
activities are provided in places of lower order (inferior),
while complex and specialized activities are found in
places of higher order, considered superior (VIONIS;
PAPANTONIOU, 2019).

It is worth noting that it can be possible to identify the
presence of basic and ubiquitous activities within higher-
order locations. Nevertheless, within the context of the
CPT, the opposite is not possible, as more elaborate
transactions are those which define the importance of a
given location.

Therefore, higher-order locations are sources of more
elaborate goods and services, which will meet the demand
for these in the lower-order locations, thus forming its
catchment area, i.e. its centrality perimeter (SILVA, 2011).

This catchment area is determined by two factors:

. Population density — a minimum demographic
threshold is required to enable the provision of certain
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goods and services. The more elaborate these services are,
the greater this threshold will be and, consequently, the
higher the catchment area of the central location;

. Measurement of maximum distance travelled —
communities favor the lowest travelling distance possible.
Thus, centrality is also determined by minimizing this
average distance travelled for most inhabitants (HSU,
2012).

In this regard and taking into account these factors, the
spatial threshold and range of central locations are
established. Goods and services which attract the greatest
frequency of attention of consumers generate a maximum
distance, which is then unfeasible or not to those who
travel to supply their needs (IPEA, 2002).

Under the Central Place Theory (CPT), cities are
hierarchized in the form of a hexagon, as this polygonal
shape can best describe the location of these territorial
units within their own geographical coverage, maximizing
the relation between distance and demographics more than
any other figure (STAMM, 2013).

Based on the geographical assumptions of his model,
Christaller (1966) developed the idea that the hierarchical
organization between geographical locations can be
defined under three different perspectives: the marketing
principle, the transport principle and the administrative
principle. According to Portela (2016), in each of these
perspectives, the coordination shape between locations is
changed, thus modifying their spatial arrangement.

Under the aegis of the administrative principle, cities
are ordered according to their political power and cities
with the least importance orbit those with greater
prominence. In this perspective, each group of cities —
represented by Christaller’s hexagonal patterns — is
inserted in a single perimeter and do not affect any
contiguous groups, thus, contiguity is directly correlated
with distance, besides influencing the polarization of
contiguous groups which are socioeconomically connected
to a central city (FERRERA DE LIMA, 2010b).

The drawback of this format is the interaction between
the arrangement, which prevents the relationship between
locations and terminating the contact between those
included within the same spatial arrangement, as if only
political factors determine the exchange between places
(BESSA, 2012).

In turn, in the market principle, the quality of services
provided defines the hierarchy between places, under
which the quality of economic transactions will establish
the importance of each spatiality. Higher-level locations
are those which provide more elaborate goods and services,
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while those lower-level locations provide lower value-
added goods and services (PORTELA, 2016).

This analytical perspective leads to a more fluid setting
of the inter-relationship between locations, placing each
city on the limit with other centrality arrangements, as it
interacts with several other locations (TINEU, 2012).

Finally, the transport principle determines spatial
ranking as a function of market distances. The more
accessible a given place is, the greater the chances of
centralizing its surroundings (PORTELA, 2016).

Therefore, the spatial arrangement is adapted to the
transport offers, in which faster, safer and cheaper
journeys, which are able to reach the highest number of
central destinations, will result in highest levels of
centrality of a given location. In fact, this is the classic
approach of the Central Place Theory (CANTARIM,
2015).

Nevertheless, the CPT has some practical restrictions,
including the fact that, differently to what the approach
proposes, production costs are not uniform in relation to
space, which, in turn, are systematically changed not only
by economies of scale but also by internal factors
associated to the location (NASCIMENTO ARAUJO;
SOARES ALMEIDA; RODRIGUES, 2009).

Moreover, the predictability of the theory is also
hampered by the fact that unit transport costs are not
constant in all directions, i.e. it does not vary
proportionally to the distance travelled (ALMAS, 2012).

Therefore, agricultural production is not uniformly
dispersed, varying according to both soil and weather
conditions but also due to production decisions of all
stakeholders and entities involved in the activity (ALVES,
2011).

Moreover, the presence of market failures which erode
economic efficiency levels is another noticeable drawback,
which disguises the possibility of competitive markets,
with market power emerging from some handful agents
(LIBERATO, 2008).

Nonetheless, the Central Place Theory (CPT) is a valid
framework to understand the hierarchization of locations
and of urbanization profiles. Accordingly, this theory is in
constant progression within this subject, as spatial planning
is a fact (CANTARIM, 2015).

Geographical Indication

Geographical Indications (Gls) recognize the quality of
a certain product originated from a region with unique
characteristics within its geographical area. The Gl
recognition depicts a quality connected to human and
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natural factors, with particularities which ensure territorial
specificity and gives certain notoriety to the product
(MAIORKI; DALLBRIDA, 2015). Therefore, it
constitutes a product with unique qualities due to aspects
such as know-how, climate, vegetation and soil conditions
(SAKR; DALLABRIDA, 2015).

Although  Geographical Indications were only
recognized in Brazil under law no. 9.279/96 (BRASIL,
1996), its recognition in other countries around the world is
long dated. In ancient times there were already signs to
distinguish certain commercial products according to their
properties. Over time, the term “geographical indication”
has been adopted by consumers and producers to recognize
the characteristics of a product with a particular origin.
Officially, the first institutional act to protect Gls was
established in Portugal in 1756, when the Marquis of
Pombal established a decree to recognize the designation
Porto for wines produced in this Portuguese region, thereby
protecting local producers from any disloyal and barbaric
market competition (BARBOSA,; PERALTA,;
FERNANDES, 2013).

Therefore, Gls have a strong potential of promoting the
production of certain products which bear fruit of local
knowledge and the traditional culture of certain places.
This recognition is one of the legal frameworks (the
Brazilian Industrial Protection Law) to protect market
principals and intangible products (SILVA; BRITO, 2016).

In Brazil, manufacturing registrations with Gls have
increased every year. These include products manufactured
in certain places which are directly linked to the production
by using specific manufacturing and cultivation methods,
climate, land use, etc. Such specificity adds value to the
final product, having a great impact on the local economic
and social development (MAIORKI; DALLABRIDA,
2015).

Moreover, there are national and international
regulations in place which grant geographical indications
to certain products and may be understood as a way of
facilitating the insertion of regional products in the
international market, further promoting the regional social
and economic development under a legal protection against
any disloyal market competition. Thus, this subject is
clearly not only of socioeconomic concern, but also
involves legal and judicial considerations (SIEDENBERG,;
THAINES; BAGGIO, 2017).

Under a legal perspective, Geographical Indications are
recognized as a type of industrial property, granting private
rights of collective importance. With this right granted, a
specific product is recognized as originating from a certain
location, region or territory when certain characteristics,
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reputation or quality is explained by the geographical space
where this product is produced or manufactured
(MARINS; CABRAL, 2015).

Gls have been demonstrated to be an instrument for
promoting personal freedoms, as they enable local and
regional development. Moreover, Gls ensure appreciation
and promotion of traditional regional know-how, resulting
in the production of services and/or products (SILVA,;
BRITO; DANTAS, 2016).

This is observed as the product’s notoriety has a direct
connection with the place where it is produced, that is, it
associated with harvesting factors, production methods,
climate and soil. These particularities distinguish the
product and add greater value, generating greater financial
returns to products and may have a positive impact on the
population’s quality of life (MAIORKI; DALLABRIDA,
2015).

In their work, Maiorki and Dallabrida (2015) showed
how a Geographical Indication is important in the
development of certain regions and territories. The authors
highlighted that this does not occur autonomously but
requires the support of the economic sector and from civil
society, otherwise Gls would be worthless.

Only an integrated and articulated work between local
actors enables a Geographical Indication to act as an
enabler of development and innovation, culminating in real
changes under a country’s cultural, social and economic
sphere (MARINS; CABRAL, 2015).

Therefore, Gls become relevant as a strategic action for
supporting regional development, as the recognition of
specific good and services with unique potential, identity
and characteristics prevents the theft of intellectual
property. At the same time, Gls add greater financial,
cultural, social, economic and even environmental value to
a product’s manufacturing process (SAKR;
DALLABRIDA, 2015).

1. METHODOLOGICAL PROCEDURES

The present study is characterized as exploratory,
descriptive, documentary, historical and quali-quantitative.

The research was based on the Gross Domestic Product
of private services of municipalities within five spatial
cutouts: microregion, mesoregion, state, region and
country.

Subsequently, the centrality indices of all
municipalities were calculated using the technique of
Principal Component Analysis (PCA) within a range of
seven years. Having calculated this parameter, the cities
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with GI registrations were compared with cities without
any Gl registration, through a one-way ANOVA test.

A spatial and temporal cutout grid was applied, with the
present study analyzing the years of 2006 until 2017. With
these restrictions, two Gl registrations were excluded:
South of the State of Bahia (granted in 2018) and West of
Bahia (granted in 2019).

The spatial cutout used in this research, taking into
account Gls in the Northeastern region of Brazil, covers six
Federal States which have been recognized with Gl
registrations for their agricultural products, except for the
State of Piaui.

Accordingly, the catchment areas of the Gls are as
follows:

a) the Sub-medium Sdo Francisco Valley, which
englobes two states (Bahia and Pernambuco), with a total
of 75 municipalities, including 17 municipalities in the
State of Bahia and 58 in Pernambuco;

b) Costa Negra, comprising 04 municipalities in the
State of Cearg;

¢) Mangroves of Alagoas, including 16 municipalities
in the State of Alagoas;

d) Mossoro, consisting of 13 municipalities in the State
of Rio Grande do Norte;

e) Abaira Microregion, consisting of 04 in the State of
Bahia.

The period analyzed corresponds to 100% of the data
population provided by the Brazilian Institute of
Geography and Statistics (IBGE) regarding the GDP of
services in Brazilian municipalities.

The variation of the level of centrality of the
municipalities where the respective Gl registrations
originated from was compared with the remaining
municipalities from the respective States in order to
analyze any possible difference in their development
patterns.

Therefore, the following parameters were verified:

*  The centrality of municipalities from the States
where the Geographical Indications are registered,;

. Calculation of the variation of the centrality
indices for the municipalities of the States where the
Geographical Indications are registered;

. Null-hypothesis testing that the variation in
centrality indices of the locations with registered
Geographical Indications is different than those with no Gl
registration.
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The centrality indices were measured according to the
methodology proposed by Garcia, Silva, Souza, Bisneto
and Silva (2019) and considering the data regarding the
municipal products, provided by the Brazilian Institute of
Geography and Statistics (IBGE) in their automatic
database system (SIDRA), in Table 5938, with the
Northeastern agricultural Geographical Indications granted
by the Intellectual Property Institute (INPI).

Principal Component Analysis (PCA) was applied for
the period of seven years, using the data collected in each
operationalization (Geographical Indication), with the
registration year of the title being taken as the reference
date in this phase, according to the study carried out by
GARCIA et al. (2019).

The degree of variation of the municipal centrality
indices was determined by the ratio between the final
indicator and the initial indicator obtained in each period.
The higher this ratio, the greater the intensity of this
phenomenon and vice-versa.

The hypothesis that the average variation of the
centrality indices of the municipalities with GlI, in each
seven-year period, was different than the index presented
in the respective State was then tested with the one-way
analysis of variance (ANOVA). Thus, each group of Gls
was tested against a group of municipalities within their
own States, thereby ensuring randomness by using a
random-number generator page®.

The PCA was carried out in the GNU Regression,
Econometric and Time-series Library (GRETL) statistical
package, version 1.9.14, with the remaining computational
routines being applied in a Microsoft Excel 2010
spreadsheet.

The results are presented for each of the six (06)
Geographical Indications analyzed, except for the Cajuina
Gl, from the State of Piaui, as this Gl covers most of the
State’s municipalities, which prevents the application of
the present research protocol.

V. ANALYSIS OF THE RESULTS

The analyses of the documents identified demonstrated
that between 2009 and 2019, six Geographical Indications
related to agricultural products have been granted in the
Northeastern region of Brazil, as presented in Figure 1.

! Available at: www.invertexto.com/numeros-aleatorios.
Access on: 16 June 2020.
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Geographical Indication | State | Products Type Concession
. ~ . Table Indication
Submedium Sao Francisco | pe pa lgranes and|  of 07/07/2009
Valley .
mango |Provenience
Costa Negra CE | shrimps |PESIINAON | 460015011
of origin
Red
prépolis . .
Designation
Mangroves of Alagoas AL and red ofgri in 17/07/2012
propolis 9
extract
Indication
Mossord RN Melon of 17/09/2013
Provenience
Indication
Piauf PI Cajuina of 26/08/2014
Provenience
Sugarcane .
brandy Indication
Abaira microregion BA ' of 14/10/2014
cachaga .
Provenience
type

Fig.1: Geographical Indications related to agricultural
products in the Northeastern region of Brazil, granted
between 2009 and 2017

Note: AL= Alagoas, BA= Bahia, CE=Cear4, PE=
Pernambuco, Pl1= Piaui, RN = Rio Grande do Norte

Source: Author’s own compilation (2020)

Sub-medium S&o Francisco Valley

This Gl comprises 75 municipalities, including 58
located in the State of Pernambuco and other 17 in Bahia,
being the oldest Gl in the Northeast of Brazil and it is of
most strategic importance for the Brazilian Northeast,
regarding the production of grapes and mangoes.

The PCA applied on the municipalities of both States
involved with this GI showed that the 602 municipalities
have expanded their centrality indices over the past seven
years when reaching some level of regional or national
notoriety, with the centrality at a microregional level
having the least explanatory influence over this
phenomenon.

On average, between the years of 2006 and 2012 -
period of time established for determining the centrality
indices — the indices attached to the respective
municipalities increased approximately 3.5-fold. In
comparative terms, in the municipalities of both States, an
average growth of 5.7 times was observed. Nevertheless, it
is important to note that in the year of 2012, 93.3% of these
municipalities exhibited centrality indices above the
average of the Northeast region.

Within the catchment area of the Sub-medium S&o
Francisco Valley GlI, the five municipalities with the
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highest degrees of variation in the centrality indices were:
Ouricuri (PE), Moreilandia (PE), Remanso (BA), Iguaracy
(PE) and Macururé (BA). Similarly, the worst performance
levels were observed in Santa Filomena (PE), Gléria (BA),
Soliddo (PE), Inaja (PE) and Jaguarari (BA).

It is worth highlighting that the cities with the highest
relative shares in the GDPs of the States of Pernambuco
and Bahia are Arcoverde (PE), Juazeiro (BA), Paulo
Afonso (BA) and Petrolina (PE) observed a reduction in
their centrality indices. On the other hand, this
measurement increased in those municipalities with the
lowest share in the states’ gross domestic product, namely
in Afogados da Ingazeira (PE), Salgueiro (PE) and Serrita
(PE).

The results of the hypothesis test through the one-way
ANOVA test prevents rejecting the null-hypothesis, in
which there is no significant difference between the
average centrality index of the municipalities inserted in
the GI’s catchment area and those within this area, as
pointed out in Figure 2.

SUMMARY
Group Count Sum Average Variance
IG Group 75  2.625.717 3.500.956 4.177.247
Control Group 75  4.398.901 5.865.201 6.937.031
ANOVA
L Critical
Variation SQ Gl MQ F P-value
F-value
Between 209.612 1 209.612 0.377194 0.540052 390.506
groups
Within the o)) 4565 148 5557130 82245.65
group
Total 8245527 149
Fig.2: One-way ANOVA —Sub-medium S&o Francisco

Valley

Source: Author’s own compilation (2020)

Mangroves of Alagoas

The catchment area of this GI consists of 16 out of the
102 municipalities form the State of Alagoas, with the Gl
being granted in 2012. Among the five areas observed in
the present work, the area comprising the Mangroves of
Alagoas is the only including a State capital city, the city
of Maceio.

The PCA applied to the cities of Alagoas showed that
throughout the seven-year period, the municipalities of the
region observed an increase in their centrality indices as a
result of greater state, regional and national relevance, with
the microregional centrality having the least explanatory
influence.

On average, the degree of variation of the centrality
indices of the municipalities was of 0.992, that is, between
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2009 and 2015, the local notoriety level was constant,
without any particular features.

Incidentally, the centrality profiles of the State of
Alagoas were practically constant throughout the seven-
year period studied, as the average variation in the
centrality indices was of 1.070 at a municipal level. Only
the municipality of Olho D 4gua do Casado presented a
noteworthy performance, observing a 13-fold growth of
their products and services.

Therefore, it can be deduced that the effects of the
Mangroves of Alagoas — Gl is irrelevant for changing the
centrality patterns of the municipalities involved, as this
recognition had little influence on the economic growth of
the area.

The results of the ANOVA (Figure 3) show that the F-
value obtained was below the critical F-value, i.e. outside
the rejection region and with a statistical level of
significance higher than the acceptable value.

SUMMARY
Group Count.  Sum  Awerage Variance
IG Group 16 1.587.799 0.992375 0.106099
Control Group 16  1.332.073 0.832546 0.283703
ANOVA
Variation e Gl MQ F  Poalue ETZETQ
Between groups  0.204362 1 0.204362 1.048.541 0.31403 4.170.877
Within the group 5.847.026 30  0.194901
Total 6.051.388 31

Fig.3: One-way ANOVA — Mangroves of Alagoas Gl

Source: Author’s own compilation (2020)

Mossoré

The catchment area of this Gl consists of 13
municipalities from the State of Rio Grande do Norte and
is associated to the production of melon. The region is
considered one of the largest producers and exporters of
high-quality melon.

The PCA applied to this GI showed a similar centrality
profile to the State of Alagoas, where the three higher
geographical levels are determinant in economic terms.

The average variation of the centrality indices was of
0.553 points. This result corroborates the assumption that a
loss of economic importance was observed in the
municipalities. Nine of the region’s municipalities obtained
a lower-than-average share of services and goods when
compared to the 167 municipalities from the State of Rio
Grande do Norte.

The performance of this Gl, in terms of centrality, was
not worse as the municipality of Mossoré observed an
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eight-fold increase in the relative share of services and
goods, while the municipality of Acl doubled this share.
However, all other municipalities experienced a decrease
in their centrality indices.

The results of the one-way ANOVA process applied to
the municipalities inserted within the Mossor6 — GI was
not able to attest that the development of services in these
locations was different than all other municipalities in the
State of Rio Grande do Norte, as demonstrated in Figure 4.

SUMMARY
Group Count Sum Awerage Variance
IG Group 13 1.898.824  1.460.634 2855982
Control Group 13 1.369.171  1.053.209 0.141894
ANOVA
Variation SQ Gl MQ F P-value Critical
F-value

Between groups = 1.078.970.418 1
Within the group ~ 359.745.162 24 1.498.938.175

10.789.704  0.719823 0.404585 4.259.677

Total 3.705.348.661 25

Fig.4: One-way ANOVA —Mossord Gl

Source: Author’s own compilation (2020)

Abaira Microregion

The catchment area of this Gl consists of only four
municipalities in the Chapada Diamantina region, in the
State of Bahia: Abaira, Jussiape, Mucugé and Piatd. The
Indication of Provenience granted to these municipalities is
associated to the production of sugarcane brandy/cachaca.
All four locations presented a much higher variation in the
centrality indicator when compared to the combination of
municipalities from the State of Bahia.

A new PCA was carried out to validate the null-
hypothesis of this research, having demonstrated that the
basic driver of this association was the share on the
municipal services and products at a national level, with
the total contribution to the microregional gross domestic
product also having a lower explanatory power.

Between 2011 and 2017, the shares of the products and
services in the economy of the State of Bahia did not
change significantly, which resulted in little changes in its
centrality hierarchy. Unsurprisingly, the average variation
of this indicator was of 0.999 (stagnated).

Once again, the ANOVA process rejected the
hypothesis that the progress of the levels of centrality of
the municipalities with Gl was different than those from
the other municipalities in the Abaira Microregion (Figure
5).
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SUMMARY
Group Count  Sum  Awrage Variance
1G Group 4 4.110.343  1.027.586 0.013091
Control Group 4 3.845.054  0.961263 0.008831
ANOVA
Variation SQ Gl MQ E Pvalue Critical
F-value

Between groups = 0.008797 1 0.008797  0.802593 0.404826 5.987.378
Within the group  0.065767 6 0.010961

Total 0.074564 7

Fig.5: One-way ANOVA — Abaira Microregion

Source: Author’s own compilation (2020)

Costa Negra

This GI from the State of Ceara consisted of four cities
(Acarad, Cruz, Itarema and Jijoca de Jericoacoara) and is
dedicated to shrimp farming. Its levels of centrality are
lower than the State’s average, exhibiting negative scores
in the seven years covered in the present research.

The degrees of variation of this area were also, on
average, lower than that of their peers, having observed a
decrease of 18% in their centrality levels, against an
increase of 24% in the remaining municipalities from the
State of Ceara.

Similar to the other Gls, the ANOVA test could not
approve the alternative hypothesis — average variance of
the group of municipalities different than that of the
remaining population — as observed in Figure 6.

SUMMARY
Group Count Sum Awerage Variance

IG Group 4 3,278822  0,819706 0,047175 0,047175

Control Group 4 4313213 1,078303 0,019236 0,019236
ANOVA

Variation SQ Gl MQ F P-value Critical

E-value

Between groups =~ 0,133746 1 0,133746  4,027799 0,091542 5,987378
Within the group = 0,199234 6 0,033206

Total 0332979 7

Fig.6: One-way ANOVA — Costa Negra

Source: Author’s own compilation (2020)

It is important to highlight that this was the test which
was the closest to the possibility of rejecting the null-
hypothesis — of similarity between the variance of the
average centrality indices. This enables the possibility of
retesting such reality, by carrying out new ANOVA tests
with other municipality samples, in a research specifically
aimed to this purpose.

However, the results of the present research indicate
that granting Geographical Indications (Gls) to agricultural
products in the regions analyzed herein did not have a

WWwWw.ijaers.com

significant effect on the socioeconomic context in order to
change the levels of productions associated to the degree of
centrality of these municipalities.

In the municipalities with noteworthy changes in their
levels of centrality, the phenomenon was similar in most of
the other municipalities of their respective States. Thus, the
changes observed could be have a different nature than that
necessarily linked to the concession of Gls.

Regarding the concession of Gls, it is worth noting that
it cannot be claimed that substantial changes to the
socioeconomic profile of the region have occurred due to
this fact. Nevertheless, a more precise analysis of the
specific social indicators can contribute to settling any
remaining doubts and can be the scope of future
researches.

However, certain assumptions can be drawn regarding
the reason for such behavior pattern, such as the different
structures of the activities involved, the absence of a better
integration between the economic agents, which would
promote greater synergies and more complex inter-
industrial demand. Moreover, it is worth noting that the
institutions have a relevant role in supporting and
promoting the correct functioning of Gls in Brazil.

Other studies have been carried out in other Brazilian
regions, such as in Paraty, South of the State of Rio de
Janeiro, in a study carried out by Almeida, Alimonda,
Meirelles Janior et al. (2015). The study analyzed the
chachaga label, having concluded that the GI led to a
positive local effect, improving the local quality of life.
Moreover, there are also several other positive examples in
the international literature, such as the work by Marie-
Vivien, Garcia, Kushalappa and Vaast (2014) on Indian
coffee. The introduction of a Gl in the Indian region of
Kodagu was of fundamental importance to increase the
socioeconomic development of the region, but also for
protecting its biodiversity, thus, with positive extra-market
effects.

Fagundes, Padilha, Sluszz et al. (2012), for instance,
argue that the introduction of Gls led to a better economic
performance in the region of Vinhedo Valley, in the State
of Rio Grande do Sul. According to the authors, the
certification resulted in a greater number of tourists, higher
value of rural properties, substantial changes in the
technological ~ standards, among other empirical
improvements.

A similar case was analyzed by Pellin and Vieira
(2015), when studying the region of Urussanga, in the State
of Santa Catarina. The authors argue that after the
recognition of Gls, a significant increase of economic
performance was observed, with consequent surge in the
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sale of traditional and sparkling wine, besides greater
access to other markets and the development of
complementary activities. These examples show the
positive effect of the introduction of Gls on local
development, different than the result of the present study,
which showed that the concession of Gls associated to
agricultural products in Northeastern Brazil did not have a
significant effect on the level of centrality.

V. CONCLUSION

The findings of the present research show that more in-
depth studies regarding Gls in the Northeastern region of
Brazil are needed, in order to clearly identify their
deficiencies and intensity. As inferred herein, Gls are
aimed at strengthening regional productive activity,
reinforcing the connection between the different sectors, as
they would otherwise be further apart. Moreover, Gls also
expected to consolidate the expertise of a certain region, in
terms of the production of a certain good or service, with
positive externalities and socioeconomic impacts on the
entire State.

This is crucial as Gls from Northeastern Brazil are
mostly formed by municipalities of little economic
relevance, in terms of economic volume, density and
dynamics. These are small municipalities still linked to
primary activities (agriculture or extraction), which
reinforces the low technological complexity in the case of
small producers, which is the result of a labor-intensive
sector, thus reinforcing their important role for job
generation.

The findings found in the present study allow to draw
conclusions regarding the municipalities from Northeastern
Brazil which were granted Geographical Indications,
indicating that their respective centrality levels were not
influenced by such concession. This phenomenon was
observed as the importance of the gross domestic products
of the municipalities in the private service sector was a
result of systemic reasons — having reached the group of
Northeastern municipalities — rather than due to specific
reasons associated to each municipality.

On the other hand, the results of present study do not
prove that the implementation of Gls does not contribute to
regional socioeconomic development, rather showing that,
under an overall regional behavior, no significant changes
were observed wherever Gls were present. Therefore,
further research is necessary, focusing on social indicators
which motivate these changes.

Thus, the elements that constitute the concession of Gls
and the levels of municipal centrality are more pronounced
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in the market structure. The absence of institutional support
and of a regional strategy for integrating the different
markets may hamper the extraction of positive effects
under an economic and social perspective. With this in
mind, Geographical Indications from the Brazilian
Northeast should be subject to more thorough research,
which can identify their deficiencies and intensity, with a
collective interest, ensuring the economic relevance,
density and dynamics of small-scale municipalities inserted
in the region where Gls have been granted.

Finally, it is worth highlighting the relevance of the
agricultural sector for the region, which has a significant
importance for generating wealth, particularly in a
continental country such as Brazil. Accordingly, there is
also a significant need of further studies applied to the
sector, especially regarding the understanding of
socioeconomic impacts, measured by indicators such as
GDP per capita, HDI, the Gini coefficient, among other
indicators which can assess marginal or structural changes.
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In Vitro analysis of the Antibacterial action of the
Extract of Costus Spiralis (Costaceae) on

Enterococcus Faecalis

Eduardo Fernandes Marques, Albério Batista de Oliveira, Thales Gustavo
Menezes Santana Ferreira, Larissa Coelho Bitencourt, Guilherme Nobre Lima
do Nascimento, Rodney Haulien Oliveira VianaandCarina Scolari Gosch.

Abstract— Enterococcus faecalis is an important cause of endodontic and nosocomial infections, making the
search for new antimicrobial drugs important. To analyze in vitro the antibacterial action of Costus spiralis
extract on E. faecalis. The antimicrobial sensitivity test was performed using the well agar diffusion method. E.
faecalis strains (NEWProv-0012) were revitalized in BHI broth and incubated at 37 ° C for 18 h. Subsequently,
the microbial suspension was adjusted to a concentration of 5x105 CFU mL-1 and sown on Mueller Hinton
agar, after which 6 mm wells were made. The crude alcoholic extract paste of C. spiralis was used as a positive
control 2.5% sodium hypochlorite and as a negative control 96% ethanol and BHI broth. The halos of minimal
inhibitory inhibition (MIC) using the crude extract paste and solutions prepared with BHI broth in different
concentrations. The viability and microbial quantification of E. faecalis in culture with MIC were determined
by serial dilution after 24, 48 and 72 h. Results: The crude extract of C. spiralis has an effective action in
inhibiting the growth of E. faecalis. MIC was observed at a concentration of 25% of the extract in solution and
promoted the inhibition of E. faecalis growth by 50% after 24 h and 98% in 48 h of incubation. Conclusion: The
C. spiralis extract has antibacterial action and can be a therapeutic alternative for infections caused by E.
faecalis.

Keywords— Costus spiralis. Medicinal plants. Antibacterials.

l. INTRODUCTION

Enterococcus faecalis seem to have acquired over time an

Enterococcus are characterized as gram-positive cocci
arranged in a single form, in pairs or in short chains. They
are facultative anaerobic microorganisms, producers of lactic
acid and negative catalase (IKE, 2017). It has the ability to
form biofilm, which can be found in the gastrointestinal tract,
oral cavity and vagina (LEE D. et. Al., 2019; GARCIA-
SOLACHE  etal., 2019). Harmless commensal
microorganisms have already been considered, however,
research increasingly shows the potential of Enterococcus to
survive in a hospital environment, colonize patients and
cause human infections such as bacteremia, peritonitis,
endocarditis, urinary tract infection, with E. faecalis
responsible for more than 90% of enterococcal infections
(SAVA et al, 2010; POCHHAMMER etal, 2017,
KAYAOGLU; ORSTAVIK, 2004).
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ability to accumulate and share chromosomal elements that
have characteristics to encode both virulence and
antimicrobial resistance genes, perhaps this explains their
increasing presence in hospital environments, being the main
bacterial group related to infections nosocomial
(LEBRETON et al., 2017; SHARIFI et al., 2013). The
species stands out for presenting new phenotypes resistant to
important antibiotics, both those of conventional use and
against the latest generation antibiotics, such as vancomycin,
and transmitting this capacity to other gram-positive and
gram-negative species, leading to serious public health
problems and economic expenses (COURVALIN, 1994;
LEBRETON et al., 2017; NUNEZ et al., 2016; WILLEMS;
BONTEN, 2007).

In dental research, the survival mechanisms of E. faecalis in
the root canals and the methods used by the bacteria to
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establish themselves in these sites have expanded the studies
with the species (ALSHWAIMI et al., 2016; HAAPASALO,;
ORSTAVIK, 1987; ORSTAVIK; HAAPASALO , 1990;
SANTA-ROSA et al.,, 2019;). Visa which are the main
microbial agents responsible for secondary endodontic
infections, stand out for their high prevalence and causes of
failure in dental treatments (DELBONI et al., 2017; NACIF;
ALVES, 2010; SIQUEIRA JUNIOR; ROCAS, 2004).

Due to the appearance of microorganisms resistant to the
action of the most used drugs, there was a growing search for
new agents, aiming at alternatives to control the spread of
these strains (FRIERI et al., 2017). Historically, many drugs
come from natural products, and these are being increasingly
researched, in search of improving existing drugs and
developing new, more efficient classes (BOLDI, 2004;
BRAGA,; SILVA, 2015; PREETHA, 2017).

The marsh cane, Costus spiralis (Jacq.) Roscoe, widely found
in tropical South America, has been used as a medicinal
plant, mainly in communities in the Amazon region
(DUARTE et al., 2017; LORENZI; MATOS, 2002 ). With
leaf infusions, communities have used it as a diuretic,
healing, antidiabetic and against infections
(ALBUQUERQUE, 1989; BRAGA et al., 2007; FERREIRA
et al., 2015; HABSAH et al., 2000; MARTINS et al., 2003).
In view of these considerations, it is necessary to investigate
and develop new alternative antimicrobial options to those
already used, and it is relevant to verify the effectiveness of
medicinal plants found in our territory. Therefore, the present
study sought to analyze the antibacterial action and the
determination of the Minimum Inhibitory Concentration
(MIC) in vitro of the crude ethanolic extract of the Costus
spiralis plant on Enterococcus faecalis.

1. MATERIALS AND METHODS

The leaves and branches of caninha-do-brejo (Costus spiralis
[Jacq.] Roscoe) were collected, following the herborization
techniques of Fidalgo&Bononi (1984), at the Sitio Novo
farm, municipality of Divinopolis do Tocantins, in the
western region of state of Tocantins, Brazil, between the
geographical coordinates 9 © 54'32 “’south latitude and 49 °
09277 west longitude. The species was identified by the
botanist responsible for the herbarium of the Federal
University of Tocantins campus Porto Nacional.

The exsiccates are incorporated into the collection of the
referred herbarium, under registration number 12098 HTO.
The leaves were washed with water and dried, then crushed
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and subjected to maceration with 96% ethanol for five days.
After that period the macerate was filtered on filter paper and
the ethanolic solution was concentrated on a rotary
evaporator, with temperature controlled at 40 ° C, to recover
the solvent and obtain the crude extract, with 6.44% yield.

Antimicrobian activity

A commercial strain of Enterococcus faecalis (NEWProv-
0012) was used, revitalized in BHI broth, incubated at 37 ° C
* 2 ° Cin a bacteriological oven until visible turbidity (18 h).
After the microorganisms were inoculated in a plate of non-
selective nutrient medium (Nutrient agar, KASVI) by the
depletion technique and they were again incubated at 37 ° C
+ 2 ° C for 24 h. In order to carry out the tests, the microbial
concentration was adjusted to the concentration of 5x105
CFU / mL of BHI broth, controlled by reading the turbidity
in a spectrophotometer with a wavelength of 600 nm and
later counting of plate colonies by performing serial
dilutions. in 0.95% saline solution.

To determine the antibacterial action on plates, Mueller
Hinton agar (MH, KASVI) was prepared, previously melted,
sterilized and cooled to 45-50 ° C, then distributed in 150
mm diameter Petri dishes until reaching a thickness of
approximately 4 mm. After obtaining solid consistency of the
MH agar, sterile swabs were used to collect microorganisms
in the bacterial suspension (= 5x105 CFU / mL) and the
surface seeding technique was performed in three directions
on each plate, paying attention to uniform distribution,
avoiding the growth of isolated colonies. Then, 6 mm
diameter wells were made, with four perforations in each
plate.

The MIC determination was performed by diluting the crude
extract in brain heart infusion broth (BHI, KASVI), to
prepare solutions in different concentrations: 100%, 50%,
25%, 12.5%, 6.25%, 3, 1%, 1.5% and 0.7%, to determine the
MIC. As a positive control, 2.5% sodium hypochlorite was
used and as a negative control, 96% ethanol and BHI broth.
The inhibition halos were measured with the aid of a caliper,
the results being expressed in millimeters. MIC was
considered to be the lowest concentration of the extract
solution that enabled the formation of an inhibition halo. The
wells were completely filled with sufficient quantities of
crude extract or controls and incubated at 37 ° C £ 2 ° C.

After MIC determination, the microorganisms (= 5x105 CFU
mL-1) were grown in a bacteriological incubator at 37 ° C £
2 ° C, in the presence or absence of the crude extract of C.
spiralis at 25%. For the analysis of viability and microbial
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quantification, after 24, 48 and 72 h of culture, the counting
of colonies in the plate was carried out by performing serial
dilutions in 0.95% saline solution.

All experiments were carried out in triplicates. To determine
the antimicrobial action of the C. spiralis extract, the final
result was the arithmetic mean of the inhibition halos or the
number of CFU / mL obtained from triplicates of three
experiments carried out consecutively.

1. RESULTS AND DISCUSSION

The results obtained show that the vegetable preparation of
the leaves of Costus spiralis has potential antimicrobial
activity against the tested strain of Enterococcus faecalis.
The crude extract was able to inhibit microbial growth after
24 h of incubation, with inhibition halos with an average
diameter of 13 mm (Figure 1), which were maintained even
after 30 days of culture.

Figure 1. Sensitivity test of E. faecalis (NP 0012) to the C.
spiralis Crude Extract paste. Microorganisms at a
concentration of 5x105 UFC mL-1 were seeded in a
confluent manner on the surface of Mueller-Hinton agar
(KASVI). Well made in the center of the plate was
completely filled with the paste of the crude extract of C.
spiralis and after 2 h of pre-diffusion at room temperature the
plate was incubated at 37 © C. The diameter of the inhibition
zone was measured in millimeters, with the aid of a caliper,
after 24 h and 30 days of incubation, keeping the same.

Fig.1: Sensitivity test of E. faecalis culture (NP 0012) to the
Crude Extract of C. spiralis paste.

The determination of the Minimum Inhibitory Concentration
(MIC) was performed with the extract of C. spiralis in paste

WWwWw.ijaers.com

and with solutions prepared in concentrations 100%; 50%;
25%; 12.5%; 6.2% 3.1%, 1.5% and 0.7%, (Table 1). Growth
inhibition was directly proportional to the concentration of
the extract, with MIC being fixed in the dilution of the crude
extract in 25% solution in BHI medium, with the formation
of an inhibition halo of 7 mm in diameter.

Table 1. Minimum Inhibitory Concentration (MIC) in a solid
medium of C. spiralis Extract, on E. faecalis.

Extract concentration (g | measured between the | Inhibition

ml-1) edge of the well and the | halo
(%) inhibition zone (mm) diameter

(mm)

Crude paste extract 3,5 13

Crude extract in solution | 2,5 11

100%

Crude extract in solution | 1,5 9

50%

Crude extract in solution | 0,5 7

25%

Crude extract in solution | O 0

12,5%

Crude extract in solution | O 0

6,2%

Crude extract in solution | 0 0

3,1%

Crude extract in solution | O 0

1,5%

Crude extract in solution

0,7%

Sodium hypochlorite | 6,5 19

2,5%

Alcohol 96% 0 0

Medium BHI 0 0

Source: own authorship.

The evaluation of the in vitro growth curve of E. faecalis in
the presence or absence of the crude extract of C. spiralis in
the MIC 25% identified an effective reduction in microbial
growth in the presence of the plant extract after 24 h of
culture and that there was no more growth colonies visible
after 48 h of incubation (Figure 2).

Figure 2. Growth curve of in vitro E. faecalis in the
presence and absence of Crude Extract of C. spiralis.
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Microorganisms at a concentration of 5x105 CFU mL-1 were
grown in BHI broth or in BHI broth + C. spiralis Crude
Extract paste, forming a 25% solution (EB C. spiralis),
corresponding to CIM. After 24, 48 and 72 h of incubation in

Leg 109

24

Hours

a bacteriological oven at 37 ° C, serial dilutions (10-1 to 10-
9) and respective sowing on non-selective agar for colony
counting and determination of the number of CFU mL-1 .
Source: prepared by the researchers.

E. faecals

E. Faecals +
EB C sprahs

Fig.2: Growth curve of in vitro E. faecalis in the presence and absence of Crude Extract of C. spiralis

The rate of inhibition of microbial growth in the presence of
the crude extract of C. spiralis at MIC 25% was compared
with microbial growth free of any limiting factor. The
extract at MIC 25% was able to inhibit microbial growth by
54% in 24 h, 98% after 48 h and in 72 h it inhibited 100%
(Figure 3).

800

700 o
600
500

400 +

Log 105

300

200 1

100 1

Figure 3. In vitro growth inhibition rate of E. faecalis by
the crude extract of C. spiralis. After evaluating the in
vitro growth curve of E. faecalis in the presence and
absence of the 25% crude extract of C. spiralis (EB), the
inhibition of microbial growth by the presence of the plant
extract was calculated.

m E. faecalis

B E Faecals +
EB C. spralis

100%

72

Fig.3: In vitro growth inhibition rate of E. faecalis by the crude extract of C. spiralis
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The formulations with concentrations of the crude extract of
caninha do-brejo from 25% analyzed in this study showed
action against E. faecalis. Previous research using plant
extract of Costus spiralis shows antibacterial activity in vitro
against different gram-negative bacteria Pseudomonas
aeruginosa, Shigella sonnei, Salmonella sp., Vibrio cholerae
and against gram positive bacilli, Bacillus cereus,
(BOUZADA et al., 2009; PEREZ et al., 2008). In none of
these studies, the species E. faecalis was included among the
strains analyzed, not allowing the comparison of results with
the present study.

Uliana et al., (2015) when researching the antibacterial
activity of Costusspicatus revealed that such action could be
related to the presence of phenolic and flavonoid compounds
identified in the extract. This potential may also be related to
the composition of the methanol extracts of C. spiralis,
holders of both substances, considering that phytochemical
studies have identified its main

components, especially alkaloids, flavonoids, steroids,
saponins, inulin, tannins, sitosterol, mucilages, sapogenins,
pectins and calcium oxalate (ALBUQUERQUE, 1989;
BRAGA et al., 2007; DUARTE et al., 2017; SILVA;
PARENTE, 2004). Although the exact nature of compounds
that have an antimicrobial effect on the extract of C. spiralis
are unknown, these results can be useful forfuture isolation
tests of the active ingredients that act on the strains.

In the experiments carried out by Bouzada et al. (2009),
using plant extract of C. spiralis, obtained as a result
inhibition halos of 10 mm against Shigella sonnei, 10 mm
against Klebsiella pneumoniae and 9 mm against
Pseudomonas aeruginosa and 15 mm against Bacillus cereus.
In the present study, the inhibition halos recorded in the tests
against E. faecalis were 13 mm, suggesting that gram
positive bacteria may be more sensitive to the active
principles present in the plant.

Sodium hypochlorite at 2.5% is a substance of global use,
mainly in endodontic treatments, being the first option for
irrigation of root canals, with capacities beyond the
antibiotic, antifungal and antiviral effects, still allows to
lighten, deodorize, dissolve tissues organic, having low
surface tension and alkaline pH (BORIN et al., 2007;
GOMES et al., 2018; TARTARI et al., 2016;). Despite being
the substance of choice because it has versatile

capacities, hypochlorite, due to its denaturing effect on
proteins, is considered a substance that causes cytotoxicity
when in contact with tissues adjacent to the root canal space,
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which can cause hemolysis, ulceration and inhibit the
migration of neutrophils (FIDALGO et al., 2009; HAND et
al., 1978; SERMENO, et al., 2009). On the other hand, Braga
et al. (2007), when studying the effects of Costus spiralis
extract at a concentration of 250 pg ml-1, revealed non-
significant cytotoxicity in mammalian cells.

The caninha-do-brejo, due to its wide use as a medicinal
plant, was researched in other segments that have confirmed
its therapeutic effects using its plant extracts, corroborating
its medicinal properties. The hypoglycemic, anti-lipid and
antioxidant actions in experiments with rats (DUARTE et al.,
2019), action against Leishmania chagasi and Leishmania
amazonenses (BRAGA et al., 2007), anti-inflammatory
capacity, inhibition of vascular permeability, protection stand
out cardiovascular and anti-atherosclerotic (SILVA,
PARENTE, 2004), and antiurolytic activity in kidney stones
formed by calcium oxalate crystals in living experimental
models (VIEL et al., 1999), validating the different medicinal
functions present in the same plant, and with potential for
new discoveries, such as those described in the present study.

V. FINAL CONSIDERATIONS

It was found in in vitro studies that Costus spiralis leaf
extracts have antimicrobial activity against Enterococcus
faecalis from concentrations of 25% crude extract. The
evidence from the present study indicates a relevant
contribution of C. spiralis as a raw material for new arsenals
of antimicrobial substances that will combat the feared
infections by E. faecalis. The results encourage the
development of new studies to prove its effectiveness,
isolation of active ingredients, synergism with other
substances and clinical applicability, enabling its use as an
auxiliary substance in future treatments.
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Abstract— The central proposal of this paper is to study the process of strategic entrepreneurship in small and
medium enterprises in the Brazilian and Canadian aeronautical industry. The research was based on the
qualitative approach with multiple case studies, following the recommendations of Eisenhardt (1989). The study
addressed the reality of four small and medium technology-based companies in the aeronautical industry, being
two Brazilian and two Canadian. Data were collected with in-depth semi-structured interviews, lasting
approximately 2h and 40min, with owner-managers and analyzed with Atlas-ti software. The analysis took place
in depth in each case and then in a comparative way between the cases in search of similarities and differences
that led to the formation of valid results for the whole sample studied. Finally and based on the analysis of the
results, it was concluded that the companies analyzed, through the process of strategic entrepreneurship,
obtained a competitive advantage, since they incorporated to the entrepreneurial activity, strategic partnerships
and the development of innovation as activities to be developed in a continuous, identifying the innovative
elements of production chains in which companies viewed greater potential for profit and ultimately worked
together with customers to develop and improve processes and products. This allowed the Brazilian and
Canadian SMEs to identify and explore new opportunities in the face of the greater circulation of tacit and
explicit knowledge in the productive chain and the execution of R&D together.

Keywords— Strategic Entrepreneurship, Small and Medium Enterprises, Aeronautical Industry, Brazil,

Canada.

I.  INTRODUCTION

Historically, small and medium-sized enterprises
(SMEs) have a substantial importance in the evolution of
societies, contributing to the economic, social and political
factors of nations, both from the point of view of
employment generation and income, as well as their
potential for generation of innovation (Acs; Tarpley, 1998;
Amato Neto, 2000). His importance also extends to SMEs
in the aeronautical industry, since they contribute to import
substitution with the technological products that they
produce internally in the country; contribute to increasing
the number of exports; help in the transfer of technology
from research and development centers (R&D); value the
country's scientific and technological system; and help in
the formation of centers of technological competence
(Montoro; Migon, 2009).
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Another relevant aspect is that SMEs, both the high
technology companies in general and those of the
aeronautical industry, are inserted in the new economic
scenario based on the techno-economic paradigm of the
knowledge age, in which the business environment is
becoming more competitive every day. Small and medium
organizations are continually facing changes in the
economic landscape. In addition, how to deal with
ambiguities and how to achieve competitiveness and the
level of performance expected are real challenges for any
organization.

In this environment, where many factors and variables
intertwine in an increasingly complex way, identify new
opportunities and create a competitive advantage that leads
organizations to success, especially small and medium
technology-based companies, to success are activities
increasingly difficult to be developed by the owner-
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managers who are ahead of these companies. Given this
context, this work was developed with the intention of
contributing to the expansion of knowledge about the
identification and exploration of new opportunities and the
creation and maintenance of competitive advantages in the
aeronautical industry SMEs, exploring a new field of
knowledge called strategic entrepreneurship.

The scientific papers on strategic entrepreneurship
began in the early 21st century, when Ireland, Hitt, Camp
and Sexton in 2001 highlighted the importance of the
integration  between  strategic  management and
entrepreneurship to create wealth for organizations (Hitt et
al., 2011). Ireland, Hitt and Sirmon (2003), complementing
the initial idea, have created a model of strategic
entrepreneurship with four fundamental dimensions: (1)
mentality, culture and entrepreneurial leadership; (2) the
strategic management of organizational resources; (3) the
application of creativity; and, (4) the development of
innovation. Based on additional research and critical
analysis, Kyrgidou and Hughes (2010) developed an
alternative model, adopting the initial structure of Ireland,
Hitt and Sirmon (2003), but adding bi-directionality to
evidence the interactivity = between  dimensions,
contributing, thereby, for the refinement of decision-
making.

Already Hitt et al. (2011) elaborated a model richer
than the previous ones. The authors extended the models
created by Ireland, Hitt and Sirmon (2003) and Kyrgidou
and Hughes (2010), incorporating a larger and multilevel
domain, with the aim of improving the understanding of
this new field of study. The model encompasses three types
of focus (environmental, organizational, and individual)
and three dimensions (input of resources and factors,
resource orchestration processes and benefits outgoings)
that contribute to the process of seeking opportunities and
competitive advantage.

A major difficulty with which studies in strategic
entrepreneurship are confronted is the fact that the studies
show little compatibility with the need for flexibility and
dynamism of SMEs. In this context, it is necessary to seek
new ways of thinking about the strategic management and
entrepreneurship of SMEs (Lima, 2010), especially in the
aeronautics industry. In this context, and according to the
literature review made as basis for the present study, there
is no study in the national or international literature that
relates the dimensions of strategic entrepreneurship to the
particularities of SMEs, not even those of the aeronautical
sector. It is precisely this gap that this work aims to
explore, generating contributions that help to heal it.
Thereby, the research question that guided the work was:
How does the process of strategic entrepreneurship in
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small and medium enterprises of the Brazilian and
Canadian aeronautical industry occur?

Il.  CONCEPTUAL BASES OF STRATEGIC
ENTREPRENEURSHIP

Work on strategic entrepreneurship began in the early
21st century, when Ireland, Hitt, Camp and Sexton in 2001
highlighted the importance of the integration between
strategic management and entrepreneurship for wealth
creation for organizations (Hitt et al., 2011). Strategic
actions are those adopted to select and implement company
strategies (Ireland et al., 2001). They are activities that
organizations develop, exploit, and take advantage of
current advantages while supporting entrepreneurial
actions to explore opportunities that will help create
competitive advantages for the company in the future (Hitt
et al., 2002). Already entrepreneurial are actions through
which companies identify and then seek to exploit business
opportunities that have not been fully exploited by their
competitors (Hitt et al., 2002).

For Ireland et al. (2001), strategic and entrepreneurial
actions are often adopted with the purpose of finding a new
market or a new competitive space for the organization to
create wealth, but to generate wealth, it is necessary first to
create value (Hitt et al., 2011). Companies seek to find new
ways of doing business that may interrupt existing rules in
each sector, leading to the development of new business
models that will create new competitive advantages. It is
important to emphasize that the level in which the
organization acts in an entrepreneurial way in terms of
innovation, risk acceptance and proactivity will be related
to the dimensions of strategic management (Ireland et al.,
2001).

Ireland et al. (2001) point out those common variables
between entrepreneurial and strategic actions, which occur
naturally, will help companies to create wealth. These
variables are: innovation, networks, internationalization,
organizational  learning, management teams and
governance and growth. In this perspective, the first
definition of strategic entrepreneurship is the integration
between entrepreneurial action (search for opportunity) and
strategic action (search for competitive advantage) for the
development and adoption of measures to create wealth
(Ireland et al., 2001).

Although useful, the research efforts carried out by
Ireland et al. (2001) to explain strategic entrepreneurship
through the integration of strategic and entrepreneurial
actions, as a single construction, did not adequately
describe its various dimensions. To complement the idea of
these authors, Ireland, Hitt and Sirmon (2003) developed a
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linear and sequential model which is composed of four
dimensions: (1) mentality, culture and entrepreneurial
leadership; (2) strategic management of organizational
resources; (3) application of creativity; and (4)
development of innovation. These dimensions integrate
several theoretical bases, including resource-based view
(RBV), human capital, social capital, organizational
learning, and creative cognition.

Ireland, Hitt and Sirmon (2003) argue that the
integration between dimensions and the combination of the
search for opportunity and competitive advantage will lead
to the creation of wealth. For these authors, the
entrepreneurial mindset, culture, and leadership are
fundamental aspects for strategic entrepreneurship and are
intrinsically linked, because they promote and support the
continuous search for entrepreneurial opportunities that can
be exploited with sustainable competitive advantages.

The second dimension of the model, strategic
management of organizational resources, is an essential
process for strategic entrepreneurship. Ireland, Hitt and
Sirmon (2003) report that resources are the basis of
organizations' differentiated performance in value-creating
suits. Barney and Arikan (2001) show that the use of
idiosyncratic resources by enterprises has a strong
influence on performance, rather than the characteristics of
the sector. Another important aspect of the model
presented by Ireland, Hitt and Sirmon (2003) is the
application of creativity that is a vector of wealth creation
that grows from the attributes of individuals, going towards
the demands of a given market. For Barney and Arikan
(2001) and Ireland, Hitt and Sirmon (2003), creativity is
increasingly important, especially for organizations
operating in markets with multiple opportunities to
differentiate their goods and services.

The last dimension, development of innovation, is an
essential  tool for increasing  productivity and
competitiveness of the organization, as well as for boosting
the economic development of regions and countries. For
Tigre (2006), development does not derive from a mere
growth in existing economic activities, but it resides
fundamentally in a qualitative process of transformation of
the productive structure, in the sense of incorporating new
products and processes and adding value to production by
intensifying the use information and knowledge.

After describing the dimensions of the strategic
entrepreneurship model developed by Ireland, Hitt and
Sirmon (2003), it is important to highlight that the actions
associated with these dimensions are complex and
challenging. It is difficult for new enterprises, for example,
to obtain and manage resources strategically, mainly to
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establish and sustain a competitive advantage. The authors
above explain that these firms are more likely to be flexible
and entrepreneurial and less likely to have the resources
and capacity to build a competitive advantage. Likewise,
for companies that are already consolidated in the market,
and that already have a competitive advantage, it is
difficult to continue to seek and exploit entrepreneurial
opportunities.

Based on additional research and critical analysis,
Kyrgidou and Hughes (2010) suggest that Ireland, Hitt and
Sirmon (2003) model did not have the robustness needed to
capture the gestalt of strategic entrepreneurship. For the
authors, the previous model contains several limitations
and absences that compromise the understanding of how
strategic entrepreneurship can be performed to succeed in
practice. For example, although strategic entrepreneurship
is defined as the pursuit of opportunity and competitive
advantage (Ireland; Hitt; Sirmon, 2003), the model is linear
and sequential between the concepts of entrepreneurial and
strategic activities and lacks a cycle feedback between the
two concepts.

In addition, the model is linked to behavior variables,
such as the entrepreneurial mindset to identify opportunity;
or application of creativity to create innovation, but does
not take into account the conditions of the organization's
internal environment, which provides a conceptual
framework in which these variables are embedded
(Kyrgidou; Hughes, 2010). The last critique that Kyrgidou
and Hughes (2010) make to the model of Ireland, Hitt and
Sirmon (2003) is that the authors do not take into account
the dynamic capacities, since in environments of rapid
changes the resources that sustain the entrepreneurial and
strategic actions deteriorate over time. For Kyrgidou and
Hughes (2010), dynamic capabilities favor strategic and
entrepreneurial processes and balance the pursuit of
opportunity and competitive advantage, leading to wealth
creation.

To correct these limitations and absences, Kyrgidou
and Hughes (2010) developed an alternative model of
strategic entrepreneurship. Although critical, the alternative
model developed by Kyrgidou and Hughes (2010) adopts,
in its initial structure, the model developed by Ireland, Hitt
and Sirmon (2003), but adding bidirectionality to evidence
the interactivity between stages, which contributes to the
refinement of decision making.

The alternative model of Kyrgidou and Hughes (2010)
is almost linear, focusing on the internal organizational
environment and top management vision. For the authors,
the search for a new opportunity begins with the analysis
of the mindset, culture and leadership entrepreneurial of
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the company, which then manages the strategic resources
and, finally, applies the creativity so that it can develop an
innovation. These three steps are intrinsically linked as
they promote and support the continuous pursuit of
entrepreneurial ~ opportunity,  contributing to  the
development of competitive advantage.

Kyrgidou and Hughes (2010) also considered the feed
forward and feedback mechanism to help organizations
improve the use of strategic entrepreneurship and thereby
create wealth over time. The interaction between the four
dimensions occurs when a company and its managers or
employees detect a problem, such as the execution of a
certain activity that then triggers a review and learning
process.

Hitt et al. (2011), supporting the statement of Kyrgidou
and Hughes (2010), argue that strategic entrepreneurship is
broader and more dynamic than originally conceived. To
contribute to the continued development of this young field
of research, Hitt et al. (2011) developed a richer model,
extended the models created by Ireland, Hitt and Sirmon
(2003) and Kyrgidou and Hughes (2010), and
incorporating a broader and multilevel domain with the
objective of improving the understanding of strategic
entrepreneurship.

This new model, encompasses three types of focus: (a)
environmental; (b) organizational; and (c) individual and
three dimensions: (i) input of resources and factors, (ii)
resource orchestration processes, and (iii) outputs of
benefits that contribute to the process of pursuit of
opportunity and competitive advantage.

The first dimension of the advanced model of strategic
entrepreneurship presented by Hitt et al. (2011) emphasizes
that munificent and dynamic environments, relationships
between companies, individual knowledge, individual and
organizational competencies, together with the motivation
and passion of entrepreneurs, are important sources of
long-term success for an organization to explore
opportunities and achieve competitive advantage.

The second dimension of the advanced model of Hitt et
al. (2011) is the resource orchestration process. This stage
is characterized by gaining competitive advantage in the
decision making of the leaders of the organizations and by
the control of the valuable and rare resources. For the
authors, resource orchestration is concerned with the
actions taken by entrepreneurs to facilitate efforts to
effectively manage the company's resources. Sirmon, Hitt
and Ireland (2007) and Helfat et al. (2007) point out three
important actions for an organization to gain competitive
advantage, (1) structure the company's resource portfolio;
(2) aggregate resources into the organization's capabilities;
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and (3) leverage capabilities to create value for customers
and wealth for entrepreneurs.

The third dimension of the advanced model of Hitt et
al. (2011) indicates that entrepreneurial activity generates
wealth creation for entrepreneurs and creates value for
clients and can also contribute to the construction of new
economic, social, institutional and cultural contexts,
providing significant benefits for the entrepreneur, the
organization and society.

As described, the advanced strategic entrepreneurship
model developed by Hitt et al. (2011) is based on the
concept of multilevel where resources can exist and / or be
created in the spheres of the individual, organization, and
society. The results of entrepreneurial activities, which are
creating wealth for entrepreneurs and creating value for
clients, can generate  benefits for individuals
(entrepreneurs, managers, employees, clients, etc.),
organizations and society. The authors conclude that there
are few studies that cross these levels. They point out that
more research is needed to understand the influence of the
interaction of individual and organizational attributes on
entrepreneurial activities and their outcomes.

The analysis of the three models presented by Ireland,
Hitt and Sirmon (2003), Kyrgidou and Hughes (2010) and
Hitt et al. (2011) highlight the importance of innovation in
the global economy, from entrepreneurial activity to
economic growth and the critical value of strategic
management to the survival and success of organizations
and increase the importance of strategic entrepreneurship.

In short, strategic entrepreneurship allows organizations
to apply their knowledge and skills in the current context
and explore the opportunities to take advantage of them in
the future by applying new knowledge and new and / or
advanced skills. To be more specific, strategic
entrepreneurship requires companies to strike a balance
between the pursuit of opportunity (entrepreneurship) and
the pursuit of advantage (strategic management).

Hitt et al. (2011) and Kraus, Kauranen and Reschke
(2011) emphasize that, to some extent, entrepreneurship in
strategic entrepreneurship requires flexibility and novelty,
while strategic management seeks stability and
predictability. Achieving this balance is a major challenge
because companies have limited resources and are often in
highly constrained economic environments. The brief
review of the literature presented provides a small base of
support and suggests a robust set of opportunities to enrich
future research on the effective use of strategic
entrepreneurship and its benefits.
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1. METHODOLOGICAL PROCEDURES

To prepare a robust study, it was used the methodology
of multiple case studies according to Eisenhardt's (1989)
recommendations. The study addressed the reality of four
aeronautical SMEs, two Brazilian and two Canadian, and
described how these companies identify and exploit new
opportunities and create and sustain competitive
advantages. For Eisenhardt (1989), the choice of cases is a
very important aspect because it defines the characteristics
of the research design. In addition, the appropriate choice
of the sample to be studied makes it possible to control the
external variations and define the limits of consideration of
the results for other contexts.

The sample of SMEs who participated in the study is
presented in Table 1. The cases were chosen intentionally,
based on the contributions they could provide to the study,
in other words, the study sample was characterized as
theoretical and intentional.

Table 1. Composition of the Sample of SMEs that

Participated in the Study

air navigation in
special applications.
Altitude Small company Intervie
Aerospace with 70 employees; | wed: Nancy
specializing in the | Venneman,
design,  structural | president
2005 ~ | analysis and | and founder
Montreal ~ | certification for both | of the
Canada the development of | company.
new aircraft and the
maintenance of .
fleets. Duratl.on
: 1h 36 min
Mechtronix Medium Intervie
company, with 200 | wed:
) employees, with | Fernando
1987 - Saint- multidisciplinary Petruzziello
Laurent — Canada specialization in | (president
design and | and co-
engineering. founder) and
Thomas
Allen (vice
president of
engineering
and co-
founder).
Duration
:3h 15min

SMEs of Activities/Prod | Interviews
Aeronautical ucts and
Industry Duration of

(Foundation, Interviews
Location)

Empreendime Medium Intervie
ntos Aeronauticos | company, with 128 | wed:
(fictitious name) employees, president of

specializing in the | the company
_ | development of | and the

?998 - Sao landing gear | technical
Jose dos Campo_s solutions. The | director and
- _SP ) Brazn company also | co-founder.
(inside the_ Univap designs and
Technological manufactures  civil i
Park) and military aircraft. Duratl.on

: 2h 42 min.

Aero Brasil Small company, Intervie

(fictitious name) with 31 employees, | wed: 2
specializing in the | owner-
_ | development of | managers.

?005 - S command, control
Jose dos Camposj- and intelligence )
SP - Brazil solutions based on Duration
(company Unmanned  Aerial | : . 1st
graduated in Vehicles (UAV). In |nte.rV|ew
Incubaero) addition, it develops Ia§t|ng 1h15

a family of multi- _mln a_nd 2nd
function displays for |nte.rV|ew
lasting 2h.
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To answer the research question and to elaborate a
study of multiple cases, it was adopted as data collection
procedure the semi-structured interview, individual and in
depth and documentary analysis. In this research, the semi-
structured interview has open questions, elaborated from a
script that gave the interviewer the flexibility to order and
formulate the questions during the interview, which
becomes richer given the possibility of deepening the
questions from the answers obtained.

The procedure of data analysis occurred in two stages:
within-case and across-case. Within-case analysis is the
one that describes, understands, and explains what happens
in a single, limited context, that is, in a single case (Miles;
Huberman, 1994). For Lima (2010), this form of analysis
aims to highlight the conceptual contents that are most
important to describe and explain a phenomenon, taking
each case of the sample separately. On the other hand, the
purpose of the across-case analysis is to describe,
understand, explain and cross-reference the conceptual
contents, processes and results of a given phenomenon in a
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multiple-case context, thereby, developing more detailed
descriptions of all cases of sample (Miles; Huberman,
1994). Data from the interviews were analyzed and studied
using the Atlas-ti software.

IV. RESULTS

5.1 Matrix of the Strategic Entrepreneurship Process
in Empreendimentos Aeronauticos Company

The matrix of strategic entrepreneurship has two
dimensions: the search of opportunity in the Y axis and the
search of competitive advantage in the X axis. To create
long-term wealth, Empreendimentos Aeronauticos needed
to make the best combination of these two dimensions, as
explained in Figure 1.

v Weath Creation

Development of

Innovation Strategic

=
) Management -
T
. ) Technology
2 Strategnc‘ Leader
| Partnership
|5
o
o
o
"5 4
- Monitor of the
g internal and
o . external Strategic
3 Environment Resource
Management
Activity
Management
Low High

Search of Competitive Advantage

Fig.1: Matrix of the Strategic Entrepreneurship Process in
Empreendimentos Aeronauticos Company.

When there is a low search for opportunity and a low
search for competitive advantage, the company works to
monitor the environment, both internal and external, and
for the management of its activities. It is worth mentioning
that monitoring the environment helps identify future
opportunities and create competitive advantage. In this
case, flexibility and efficiency are the values on which
their strategic and entrepreneurial actions are based.

Based on the respondents' reports, flexibility is related
to the ability of the company to deal with the uncertainties
of a changing environment. The efficiency is linked to the
reduction of costs, agility in the processes and increase of
the productivity of the factors of production. Given the
high dependence of the strategic action for being
subcontracted to a large company that develops regional
aircraft projects, Empreendimentos Aeronduticos must
have high capacity for internal coordination and
adaptability to new environments. Its internal
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organizational  structure  therefore  allows  direct
communication between employees and the board, there is
little standardization of procedures and owner-managers
participate in all activities of the organization.

When there is a high search for opportunity and a low
pursuit of competitive advantage, the company focuses on
the development of innovation and strategic partnerships.
This is the time to explore new opportunities. In this
situation, strategic and entrepreneurial actions reveal the
owner-managers' concern with the development of an
environment of creation and experimentation, which
stimulates freedom of initiative for their employees; the
amount of investment in R&D and its orientation to solve
problems and create novelties; as well as the way it takes
advantage of meetings such as fairs and exhibitions, to
seek technological innovations or to do business. Within
this process, strategic partnerships aim to distribute the
risks inherent in the development of innovation and
increase the exchange of knowledge between the parties.

When there is a low search for opportunity and a high
search for competitive advantage, the company considers
more important the management of strategic resources such
as financial, human and technological capital. It is evident
the creation of competitive advantage by the
Empreendimentos Aeronauticos Company. The
management of the strategic resources of this company is
related to the agility of the processes, to the establishment
of financial goals, to productive restructuring, to the
creation and management of knowledge, to the
development and valorization of personnel, to creativity
and to quality certifications.

When there is high search for opportunity and high
search for competitive advantage, the company elaborates
strategic management focused on technological leadership,
sustaining its competitive advantage. Leading technology
companies establish and maintain a competitive position
with the development and exploitation of technologies
within a given market, which gives them a dominant
position in this market (Narayanan, 2001). As already
mentioned, technology is the primary instrument for the
creation and maintenance of the competitive advantages of
the company that seeks the competitive in the
technological appropriability.

In short, Empreendimentos Aeronauticos Company
identifies a new opportunity in  monitoring the
environment, both internal and external, and explores this
opportunity by developing innovation and strategic
partnerships. At the same time, it creates a competitive
advantage with the management of strategic resources and
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sustains this advantage by developing strategic

management as a technology leader.
5.2 Matrix of the Strategic Entrepreneurship Process
in Aero Brasil Company

A matrix was elaborated to clarify the search for
opportunity and competitive advantage of Aero Brasil
Company, as shown in Figure 2.

. Weath Creation

' Development of

s Strategic
£ Innovation Managemenit
ES with a
z Strategic Prospective
5 Partnership | Paosition
o
-8
a
<]
s
< [’
=
3 Strategic Actions
a Participationin g
E Research Groups
at|ITA Strategic
Knowledge
Low High

Search of Competitive Advantage

Fig.2: Matrix of the Strategic Entrepreneurship Process in
Aero Brasil Company.

The matrix analysis indicates that when there is a low
search for opportunity and low search for competitive
advantage, the company identifies new opportunities with
participation in research groups of the Aeronautical
Technological Institute (ITA). The interviewees' reports
indicate that when they participate in the ITA Aeronautical
Techniques Studies Center, the company is at the frontier
of technological knowledge, because the research groups
that are part of this nucleus of studies are considered
efficient instruments for the exchange of information.

When there is a high search for opportunity and a low
search of competitive advantage, the company explores the
new opportunities with the development of innovation and
strategic partnerships. Based on the data collected, the
company encourages employee creativity by stimulating
the sense of prosperity that feeds innovative behavior. It
also stimulates spontaneous behavior and the continuity of
the study of ideas. In relation to strategic partnerships, the
company encourages the free exchange of information and
honest feedback from all those involved in this partnership.

At the time there is a low search for opportunity and a
high search for competitive advantage, Aero Brasil creates
a competitive advantage with strategic actions and strategic
knowledge. The interviewees explain that before
undertaking any strategic action, it undergoes a process of
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strategic reflection: it makes a diagnosis of the situation
that needs to be changed, then evaluates the alternatives
and, finally, makes the strategic choice.

Action, reflection and strategic choice are linked to the
strategic knowledge of owner-managers, and encompass
knowledge related to planning, description, impact,
prediction, evaluation and generation of previous
strategies. The reports show that any strategic action must
be related to the vision and strategic objectives of the
company.

Aero Brasil's strategic vision is to be a Latin American
leader with global projection in Intelligence, Surveillance,
Monitoring, Navigation, Command and Control solutions.
The objectives are: (i) to promote technological innovation
linked to business as a way to develop a sustainable and
growing company; (ii) be an excellent choice for human
and professional development; (iii) be considered by
customers and partners the best option in solutions in
Intelligence,  surveillance,  monitoring,  navigation,
command and control; (iv) be considered by shareholders
and investors as the best return in the segment; and, (v) be
a strategic company for the country.

When there is high search for opportunity and high
search for competitive advantage, the company elaborates
a strategic management with a prospective position, thus
sustaining its competitive advantage. For Nakano (1997),
prospectors continuously seek new products and markets.
They are constantly changing, often passing on an idea of
inefficiency, although they remain always as a powerful
force in the market. This strategic position is evident, since
Aero Brasil is seeking new markets, such as in the
biotechnology sector.

When the search for opportunity and the search for
competitive advantage reaches the highest point of the
matrix, it can be said that the company object of study
reached the creation of wealth. Based on the interviewees'
reports, Aero Brasil presents an increase in financial
revenues and, consecutively, an increase in profits, growth
of internal knowledge and development of individual and
organizational learning.

5.3 Matrix of the Strategic Entrepreneurship Process
in Altitude Aerospace Company

Just as in previous cases, it is important to explain how
Altitude Aerospace Company identifies and exploits a new
opportunity and creates and sustains a competitive
advantage. For this purpose, a matrix was elaborated to
clarify the search opportunity and competitive advantage,
as shown in Figure 3.
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Fig.3: Matrix of the Strategic Entrepreneurship Process in
Altitude Aerospace Company.

By analyzing the matrix points out that when there is
low search of opportunity and low search of competitive
advantage the company identifies a new opportunity,
promoting a favorable environment for creativity. It is
worth emphasizing that creativity is a key factor for
innovation and adds value to knowledge to make it
progressively more useful. The reports indicate that
creativity flourishes when the individual performs
activities mobilized by pleasure and satisfaction, not by
obligation and duty. The company analyzed stimulates
initiative, independence of thought and action, flexibility,
persistence, and self-confidence.

The moment there is a high search of opportunity and a
low search of competitive advantage, the company
explores new opportunities to the development of
innovation. Based on the data collected, Altitude
Aerospace reveals the concern with the development of an
environment of creation and experimentation, which
stimulates the freedom of initiative of its employees; the
amount of investment in R&D and its orientation to solve
problems and create novelties.

When there is low search of opportunity and high
search for competitive advantage, Altitude Aerospace
creates competitive advantage by developing a strategy
formulation process. As already mentioned, the
formulation of the strategy is understood as a process of
development of the strategic reflection, which results from
a strategic plan that involves the analysis of the internal
and external environment, the evaluation of the alternatives
and the strategic choices. For the interviewee, with a well-
structured strategy formulation process, the company gains
competitiveness compared to its competitors who are also
small and medium-sized. She points out that many of her
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competitors have not devised a formalized strategy such as
Altitude Aerospace.

At the moment there are high search of opportunity and
of competitive advantage, the company draws up an
offensive strategic management focused on the technology,
supporting thus their competitive advantage. The
company's success is therefore in incorporating technology
management into strategic management. For Freeman and
Soete (1997), technology-oriented offensive strategic
management is characterized by the attainment of
technological and market leadership by the introduction of
new products and services. It is usually intensive in R&D
and includes involvement in fundamental research.

When the search for opportunity and for competitive
advantage reaches the highest point of the matrix, it can be
said that the analyzed company has reached the creation of
wealth. Based on the reports, Altitude Aerospace shows an
increase in its financial assets (revenue and profit), as well
as value gains in its tangible and intangible assets. This
value gain is due to the voluntary, creative, and proactive
organizational attitude, with collective engagement in all
stages of the strategic entrepreneurship process.

5.4 Matrix of the Strategic Entrepreneurship Process
in Mechtronix Company

In this section, the matrix of the strategic
entrepreneurship process of the Mechtronix Company was
analyzed to clarify the search for opportunity and
competitive advantage, as shown in Figure 4.

The analysis of Figure 4 shows that when there is a low
search for opportunity and for competitive advantage, the
company identifies a new opportunity to monitor the
internal and external environment and the management of
information. For the interviewees, the internal environment
monitoring corresponds to the analysis of the current
situation of the company. The internal factors that cause
change in organizational and strategic management are:
infrastructure, finances, vision of the future and internal
competence.
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Fig.4: Matrix of the Strategic Entrepreneurship Process in
Mechtronix Company.

The monitoring of the external environment
corresponds to the analysis of macro and micro
environment. It is understood macro environment in which
the external factors impact Mechtronix are horizontal in
nature, not specific to the company's performance,
although they are capable of provoking changes in its
strategic management. Based on the data collected, the
external factors for the company are: political, social,
regulatory (International Civil Aviation Organization) and
government investments. Regarding the microenvironment,
the key focuses are those external factors that are more
specific to the field of activity of the company. These
factors are: production chain, customers, partnerships and
technologies.

Information management, in turn, corresponds to the
process of collecting, organizing, processing, and
disseminating information. For the interviewees, the
information is a good of high added value and needs to be
managed in the same way as the human and technological
resources of the company and must be equally
administered.

At the moment there is a high search for opportunity
and a low search of competitive advantage, the company
explores the new opportunities with strategic partnerships
and the development of innovation. Based on the reports,
the strategic partnerships represent the articulating and
collaborative capacity of Mechtronix, offering strategic
visions and contributing to the creation of wealth. The
analysis of the development of innovation indicates that
Mechtronix considers innovation as one of the foundations
to guarantee a lasting future. An innovative environment
for respondents has the ability to articulate and mobilize
human, financial and material resources to capture
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opportunities and neutralize threats. Based on the data
collected, the company has an innovative business
philosophy, favoring a work environment that stimulates
trust among employees, a business culture tied to a
philosophy of tolerance to errors and that the ideas
generated are evaluated and implemented.

When there is low search of opportunity and high
search of competitive advantage, Mechtronix creates
competitive advantage by developing strategic maps. The
respondents' reports indicate that these maps assist the
owner-managers at the time of the strategic decision. For
this, this visual representation of the strategy is formed by
five stages that are: (i) formulation of the strategic
intention; (ii) definition of the critical factors of
organizational performance; (iii) formulation of strategic
objectives; (iv) definition of cause and effect relationships
between goals; and, (v) definition of strategic indicators.

At the moment of high search for opportunity and high
search for competitive advantage, the company elaborates
a strategic management focused on learning, sustaining its
competitive advantage, so the success of the company is in
incorporating learning in strategic management. Mintzberg,
Ahlstrand and Lampel (2000), in the book Safari of
Strategy, propose ten schools of thought regarding the
formulation of the strategy, and one of them is that of
learning. For this school, the world is too complex for
strategies to be developed at once with clear plans or
visions. The strategy should emerge in short steps as the
organization adapts or learns. The authors complement that
strategies emerge when people, individually or
collectively, learn about a situation.

When the search for opportunity and the search for
competitive advantage reach the highest point of the
matrix, it can be said that the analyzed company reached
the creation of wealth, the benefits generated for the
company, financial results, and for society, creation of new
innovations and generation of qualified jobs.

V. CONCLUSION

The recognition of the contribution of SMEs to
economic development has attracted the interest of studies
and research in applied social sciences. However, the
complexity generated by the various types of SMEs
requires different approaches to understand the numerous
sectors and ranges that make up the universe of these
companies. About the most dynamic sectors, such as the
aeronautics sector, composed of knowledge and
technology-intensive SMEs, studies are still recent and
require research that seeks to collaborate in understanding
strategic management and entrepreneurship.
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In this way, this paper was developed with the intention
of contributing to the expansion of knowledge about the
identification and exploration of new opportunities and the
creation and maintenance of competitive advantages in the
SMEs of the aeronautical industry, exploring a new field of
knowledge called strategic entrepreneurship. Therefore,
this study aimed to study how the process of strategic
entrepreneurship in SMEs in the Brazilian and Canadian
aeronautical sector occurs. With this research, it was
verified that the search and use of the opportunities include
the identification and exploration of new opportunities
through the monitoring of the internal and external
environment, participation in research groups, strategic
partnership, and innovation development. To emphasize
the interactivity between these three elements, bi-
directional and feed forward and feedback mechanisms
were adopted, which helped Brazilian and Canadian SMEs
to refine the use of strategic entrepreneurship and improve
the effectiveness of each step over time. It is noteworthy
that feedback and feed forward mechanisms are composed
of three key factors: (a) exploration and exploitation of
skills, (b) entrepreneurial culture (c) collaborative
production.

Another aspect identified was that the elements of the
search and exploitation of opportunity promote strategic
information, the system of strategic information, strategy
formulation and strategic management, which is the basis
of the search and exploitation of competitive advantage.
Consequently, they support the ability of the companies
studied to create wealth over time. Strategic management
encompasses the actions and choices taken by owner-
managers to explore the competitive advantages of their
company.

In summary, it was concluded that the companies that
participated in the research, through the process of strategic
entrepreneurship, obtained a competitive advantage, since
they incorporated to the entrepreneurial activity, strategic
partnerships and the development of innovation as
activities to be developed in a continuous character,
identifying the innovative elements of the productive
chains where the companies saw a greater potential of gain
and, finally, worked together with the clients in the
development and improvement of processes and products.
This allowed the Brazilian and Canadian SMEs to identify
and to explore new opportunities in relation to the greater
circulation of tacit and explicit knowledge existing in the
productive chain and the execution of R&D as a whole.

It can be said that the study of strategic
entrepreneurship in SMEs in the aeronautics industry was
quite enriching because it produced results that could be
useful both for future research on the subject and for the
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development of new solutions for the growth of Brazilian
and Canadian SMEs. Despite being a pioneer initiative, the
study of the strategic entrepreneurship process in SMEs in
the aeronautical industry and although the objective
proposed in this paper has been achieved, the research
carried out has limitations.

The limiting factor that deserves attention is the
accessibility of company information was restricted, since
some owner-managers were not comfortable in divulging
data considered as confidential, mainly concerning the
issues of strategy, innovation and financial. Another
limitation that deserves to be highlighted is the limited
number of selected cases, with information that largely
reflects the point of view of the owner-managers, and
contemplating companies from a single sector of the
economy, the aeronautical industry.

To contribute to the development of the concepts of
strategic entrepreneurship in small and medium enterprises,
the study left inquiries for future research. That way, some
recommendations are presented: (1) the topic of strategic
entrepreneurship in SMEs is still a new field in research.
The complexity of the topic implies great potential for
research. It is interesting to develop an analytical
framework that becomes an instrument capable of assisting
SME owner-managers in the search for and use of
opportunities and competitive advantage; (2) The inclusion
of companies from other sectors of the economy could be
contemplated in new studies, to verify the possible validity
of the models presented by Ireland, Hitt and Sirmon
(2003), Kyrgidou and Hughes (2010) and Hitt et al. (2011);
(3) the expansion of the number of companies in the
sample can bring important information and, therefore,
contribute to a better understanding the process of strategic
entrepreneurship in SMEs; and (4) another study of
relevance is to better understand the facilitators and
difficulties for the integration of entrepreneurship and
strategic management in both technology-based and
traditional SMEs.
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Abstract—The pandemic outbreak of COVID-19 triggered a profound economic crisis of global proportions,
due to measures to contain the transmission of the virus causing the disease, being social isolation and, in more
severe situations, the complete closure of non-essential activities (lockdown). In order to survive this scenario,
many organizations began to adopt remote work as an alternative to continue their activities. However, this new
way of working could not be properly structured and planned due to the urgency of such adaptation. Thus, the
aim of this study is to discuss the advantages and challenges of the home office emergence due to the pandemic
outbreak of Coronavirus. Among the main benefits are the flexibility and digital learning of professionals, and
the technological transformation of organizations. The prominent limitations were the lack of infrastructure, the
extension of the working day and the tenuous limit between professional and personal life.

Keywords—Coronavirus, crisis, labor, lockdown, remote work.

I INTRODUCTION

The first months of 2020 demonstrated that the year
would be atypical on a global scenario. The current health
and economic crisis that has been impacting this year’s
development has emerged from the rapid spread of
Coronavirus, more specifically the evolution of the so
called SARS-CoV-2, a highly transmissible virus that
causes COVID-19 disease and originated in a live animal
market in Wuhan, China [1]. The situation triggered an
outbreak of the virus worldwide in a few months, severely
affecting countries such as Italy, Spain, Germany, France,
England, Iran, the United States, India and Brazil, being
declared as a global pandemic by the World Health
Organization on March 11, 2020 [2].

Lockdown has been applied in many regions and even
in entire countries, with schools, universities, some public
services, businesses considered non-essential, events and
leisure activities (including games, artistic shows, cinemas,
art exhibitions etc.) being totally shut down [3], in order to
slow the advances of the disease caused by the Coronavirus
and prevent collapses in the health system.

According to the International Monetary Fund [4], the
world has plunged into an economic crisis as deep as the
financial collapse of 2008, because of the measures taken
to contain the transmission of the virus, such as social
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isolation, which have been affecting not only the daily life
of civil society, but also companies of various sectors and
sizes all around the world. Illustrating this with some data,
in only one month, 22 million people in the United States
lost their jobs, unemployment rates more than doubled in
Austria [3] and, in Brazil, the number of unemployed
workers increased by 10.5% in the first quarter of 2020,
when compared to the last quarter of 2019 [5].

To overcome the challenges created by any crises and,
in particular, by a global impact event such as what is
currently occurring, business organizations must seek to be
resilient [6]. As an example of this in the current
Coronavirus crisis. It was necessary a rapid adaptation of
work activities by employers, managers, subordinates and
self-employed workers due to the social isolation measure
to stop the spread of COVID-19.

Considering this, a way to lessen the negative impacts
on the results of companies and unemployment rates is
remote work, thus the professional can continue working
from home, without breaking the rules of social isolation
imposed by the authorities. Therefore, in the current
scenario, working from home emerges as an alternative to
maintain the employment of many individuals in the labor
market. However, it has its peculiarities that are not so
easily overcome and, thus, showing significant and
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exhausting  challenges, especially for traditional
organizations that used face-to-face control as the basis of
working relations [7].

It can be highlighted that, in this work, the words home
office, remote work and telework are considered synonyms
and interchangeable. Thus, they are characterized as a new
way of developing work activities, without the need to be
physically in the workplace, which is made possible thanks
to the evolution of Information and Communication
Technologies (ICT), such as computers, smartphones and
internet and its entire range of digital possibilities.

In this sense, even with work routines being affected by
social isolation measures to contain COVID-19, it is
necessary that the decision-making process continues to
occur, and the flow of information is not interrupted [8].
For this to happen efficiently, it is essential that
professionals know the available digital tools and know
how to handle them to have the ability to make the
necessary deliveries.

As much as the possibilities of remote work had
already been developing in recent years through
smartphones, computers and the entire wide range offered
by digitalization, it was the emergence of the new
Coronavirus and its consequent lockdown to which citizens
were submitted that enhanced the adoption of the home
office in order to enable certain routines and work
activities to have continuity during the pandemic period.

From this scenario described, the following research
question emerges: what transforming elements emerged
from the instant adoption of the home office in the
corporate context due to the health and economic crisis of
COVID-19 that erupted in the first half of 2020? Based on
this problematic, the aim of this article is to discuss the
advantages and challenges of the home office emergency
due to the pandemic crisis of Coronavirus. Therefore, to
achieve this initial purpose, the work is divided into five
sections, the first being this brief introduction. After that,
the literature review will be intensified, raising the
contributions in the literature about the possibilities and
limitations of the home office and the use of digital tools in
work activities. The third section will then expose the
methodological procedures used to understand the research
problem. In the following topic, the data will be explored
through their analysis, crossing them with the theoretical
framework. And finally, the final considerations of this
study will be woven.
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1. HOME OFFICE AS A PROFESSIONAL
STRATEGY

Researches on the economic impact of previous
pandemics has shown that countries, industries and
companies suffer deeply from the consequences of a global
pandemic, due to, in addition to health issues, the
simultaneous shock that occurs on both sides, demand and
supply of products and services [3]. In times of uncertainty
and scarcity, organizations must seek creative and
innovative solutions to the problems faced in the market.
For this, they need to cultivate the necessary skills to
transform, in an agile and dynamic way, their business and
management  practices oftheir material, financial,
marketing, administrative and human resources and their
knowledge bases|[6].

The current pandemicof COVID-19, due to having
social isolation as the main measure of containment of
contagion — leading to some economic activities to be
temporarily closed or suffer restrictions — has accelerated
the spread of the home office. This term is related to the
professional activities performed in an alternative space
other than the company space, whether it is in the
employee's residence [7]. Therefore, the lives of workers
have undergone changes in various ways, ranging from job
loss to the transformation of their work activity to
telework.

To condense references and have a specific definition
of the term, the home office - remote work and telework
will also be used as synonyms in this article - is understood
in this study as the development of work activities outside
the physical facilities provided by the employer, being
made possible by the use of digital tools for work [9]. For
Brazilian legislation, in Law No. 13,467 of 2017, the
expression telework means "the provision of services
predominantly outside the employer's premises, with the
use of Information and Communication technologies that,
by their nature, do not constitute external work" [10].

The first home office records are dated to the 1970s,
due to the oil crisis. According to [11], telework was a
strategy that sought to reduce the time spent in traffic with
commuting to perform work activities in offices. However,
according to the authors, only around two decades later,
this format of practice of labour activities advanced and
reached, mainly in developed countries, a considerable
number of followers, mainly due to the influence of the
exponential increase in the popularization of digital tools.
Currently, due to the pandemic crisis of COVID-19, there
is an even greater acceleration of the adoption of remote
work at levels that were predicted until recently.
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Under ordinary conditions, remote work is adopted by
organizations for reasons such as allowing a good balance
between work and personal life, increasing flexibility and
reducing the waste of time in traveling from home to the
office, which also decreases traffic in cities [12; 13].
However, in the current adverse circumstance, employers
and employees of all hierarchical levels seek adaptation to
remote work in record time, for which there was not
enough structuring and planning time [7].

As a result, personal life began to be organized from
the centrality of work. To maintain productivity, then, the
days go beyond conventional schedules and tasks start to
be performed after normal office hours and on weekends,
invading the other spheres of the worker's life. Considering
this, the greatest challenge is to find the appropriate
measure of the distribution and execution of goals and
deadlines that compete with family life, household chores
and school activities [7].

Previous research has already highlighted the paradox
of remote work, as it provides employees with a greater
sense of autonomy, on the one hand, and, on the other
hand, results in increased organizational control of
subordinates and intensification of workload, especially in
cultures dominated by competition and performance
indicators [14; 15]. In the face-to-face performance in the
organizational environment, the superiors, as a rule, control
the time and effort dedicated by their subordinates with
visual supervision, in addition to the establishment of
goals, for example. However, in teleworking, these
evaluation methods and their criteria must also be adapted,
because monitoring can no longer be done equally, and
motivation mechanisms do not work in the same way
through virtual means. Reinforcing this, [7, p. 73]
emphasize:

In the format based on the achievement of goals, the
worker finds himself compelled to reassure the
manager, literally taking control of him over his time.
Despite the competition that household chores or
family life can bring to the time of work effort, the
individual remains online and responsive, recording the
achievement of goals and deadlines and avoiding any
impression of idleness about their hours.

Thus, because they are not under the face-to-face
control of their superior, the professionals end up working
more and having a more intense workday to deliver a
satisfactory productivity. However, with the labour reform
in Brazilian legislation for 3 years, the home office worker
no longer has the guarantee of overtime pay [10], that is,
even if he is submitted to develop his work activities
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beyond the time of his contracted work day, the
professional will not obtain additional financial gains.

Even with remote technologies and the possibility of
virtualization of work relationships, the home environment
is not structured to favour the productivity of the work
activities, which makes it difficult to adapt quickly to the
new working environment. In addition, with schools
cancelling classes to avoid contagion of individuals by
Coronavirus and life partners also working from home, all
family members end up being forced to perform, in the
same residence, tasks related to work, education, domestic
and leisure.

In this context, women end up being more harmed,
especially those who have young children, because they
have been dedicating most of their time to educate them at
home, assisting especially in remote classes, and also
performing domestic functions [16], because of the
lockdowns imposed. The data on the burden of women
with children were deepened and a study done in Brazil by
researchers — who are, also, mothers. Regarding being able
to work, 15% of the male respondents with children
answered that they follow their activities remotely, while
only 4% of women in the same condition manage to
continue working [16]. Within this universe, according to
the researchers, when the analysis is related to the age of
children, the disparity increases considerably, because 32%
of women with children under 1 year were able to submit
scientific articles as planned, compared to 61% of men
with the same reality. These results show that the
productivity of professionals with small children is affected
and that women, in this scenario, end up being the most
affected. Therefore, the attention given to these workers
and the demanded amount of work to be made to them
needs to be rethought, in order to understand the
peculiarities of these routines.

Another issue related to remote work is the acceleration
of digital transformation. According to [7], this is one of
the main difficulties encountered by professionals forced to
work remotely, since it emphasizes the urgency of learning
new technologies in record time, the establishment of new
forms of communication between teams and the new ways
of doing their activities. As a result, remote workers need
to be always up to date with new technological
possibilities, developed in increasingly shorter periods.

Following in their understanding of the challenges and
opportunities of teleworking for professionals, [11] listed
in their study the greatest difficulties faced by teleworkers,
being: lack of commitment, difficulty in having self-
discipline, lack of contact with colleagues, inflexible
organizational culture and stagnant contract model. On the
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other hand, in this same research, the authors also list the
main benefits of remote work, such as: agility in the
delivery of tasks, increased quality of life, exclusion of
regionality for professional work, reduction or extinction
of time spent on commuting, possibility of spending more
time with the family, greater concentration due to
decreased noise from the work environment, greater
autonomy and flexibility in activities. Therefore, it is
understood that the adaptation, or not, to remote service is
an individual issue, being accepted and defended by many,
as well as, at the same time, rejected and criticized by
others.

In this scenario, a common opinion prevails, as a result
of this whole process of immediate adaptation to the
pandemic period, the prediction is that organizations will
be more open to various flexible forms of work [13] and
look for digital tools to assist them in this process. [3],
reinforcing this idea, emphasize that external shocks tend
to accelerate the processes of innovation and digitization of
companies, emphasizing the relevance of flexibility and
responsiveness to changes. Consequently, this health and
economic crisis resulting from COVID-19 highlighted,
even more, the need for the development of digital skills.
Therefore, professionals need to keep up with
technological developments and adapt to the new post-
pandemic socioeconomic context in order to remain
competitive in the labour market.

1. DIGITAL TOOLS FOR REMOTE WORK

In the course of its development, humanity has
undergone many changes, some of which have totally
changed the way they live, relate and work, also other
changes considered an increment, were developed to
improve something that already existed. Thus, the human
being always sought to improve tools that facilitate the
performance of his activities, which greatly helped in the
progress of society over time [8].

Information and Communication  Technologies,
translated into digital tools, have been developed for
decades to assist citizens in different tasks, both
professional, personal and leisure. The term ICT refers to
all technical means used to handle information and assist in
communication, including network and computer
hardware, as well as their software [17]. Digital solutions
support a wide variety of tasks that need to be performed in
the routine of individuals.

Among the many benefits that digital technologies can
offer to the sectors of a company, we highlight the
possibilities of reducing cost and time and increasing
productivity, agility, efficiency, flexibility and innovation
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[18], due to the greater ease in communication, in the
management process and in the development of labour
functions.. New ICT often creates new ways to gather the
information needed for business management. Thus,
organizational processes are shaped by new technologies
and, therefore, can reshape the use of technology [12].

ICT has revolutionized the work routine and the way
the market operates in the 21st century, offering both new
opportunities and new challenges. Although digital tools
have really transformed the way in which organizational
activities are carried out and remote work is facilitated, the
home office is not yet a widespread practice in all
segments [9], although the COVID-19 pandemic has
accelerated the process of adopting teleworking in several
organizations.

For [1], digital transformation is one of the most critical
areas in organizations regarding the management of the
crisis caused by Coronavirus, along with decision-making
processes, the role of leadership and the relevance of the
emotional intelligence of employees in this delicate period.
However, with the urgency of adaptation to the home
office, digitization among companies tends to help
superiors in monitoring organizational activities, because
these new technologies facilitate the collection and analysis
of performance results [12].

[19] highlight the need for learning and adoption of
existing digital technologies, emphasizing that there is
already a wide range of tools to solve almost all
communication problems and access to information, not
requiring the development of new solutions for adaptation
to the home office. Therefore, telework requires
investments by organizations in digital platforms and
flexible mechanisms for working hours. Some companies
that did not yet use the home office had to establish
internal standards for its implementation, in addition to
having to invest in digital resources to operate remotely,
although many have failed to structure themselves so
quickly [7].

The current crisis has resulted in strategic changes in
business template and the operational use of their resources
in many organizations, as well as in the culture of
digitization [3]. In this perspective, it is understood that
companies that adapt more rapidly to times of crisis,
technological transformations and consumer demands can
present better results and achieve a higher level of
competitiveness in the market [8].

Following this line of thought, while restrictive
measures force work teams to adopt new flows of activities
and digital technologies, this forced adaptation allows the
opportunity to experience the functionalities of the tools,
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which can convince previously resistant professionals of
the benefits of digital platforms in work tasks [3]. Thus,
despite the negative effects, the pandemic outbreak of 2020
accelerated digital learning and the adoption of telework in
many cases around the world [13].

Currently, to master applications and digital
mechanisms that facilitate organizational activities,
contribute to increased productivity and allow performance
in more flexible jobs is an indispensable skill for
professionals to work in the labour market. Considering
this, then, we highlight the relevance of the competencies
that involve 'digital literacy', a term originally created by
[20]. Digital literacy, according to the author, is considered
as the ability to find, evaluate, understand, create and use
information and content using digital tools, encompassing
not only the technical skills for this use, but also cognitive
aspects of the evaluation of virtually available elements. In
summary, it is to understand how applications work and
how their possibilities can be explored in personal and
professional life [8].

Within this perspective, it is emphasized that the use of
the Internet during the period of social isolation increased
substantially, according to data collected. In Brazil, this use
reached growth rates of more than 40%, according to data
provided by the National Telecommunications Agency
[21]. At the same time, monthly time spent on mobile apps
worldwide grew 39% in the second half of 2020 compared
to the same period in 2019 [22]. By the way, some of the
most downloaded applications in the world since March,
when quarantine began to be implemented in many
countries, were precisely those that offer the possibility to
make video calls, which are widely used for team meetings
that are physically distant, such as Zoom, Google Meet and
WhatsApp [23].

To demonstrate how much the use of ICT advanced in
Brazil, a decade ago, 84% of the individuals had a cell
phone in Brazil, and most of these devices were not
smartphones, and 31% had a computer [24]. In that period,
notebooks and tablets were not yet counted separately in
the research 'ICT Domicilios'. Currently, the proportion of
individuals with a cell phone has advanced to 93%, while
those with a computer have decreased to 16%, but it is
noteworthy that 26% of those surveyed have a notebook
and 13% of the population has a tablet [25]. However,
although the percentage of people using digital devices is
increasing, these data do not necessarily show that
individuals know how to use and/or take advantage of the
numerous possibilities that these devices offer. At this
point, then, the importance of digital literacy is emphasized
again [20].
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On the other hand, when a critical look is directed at
this digital advance, the excessive use of digital
technologies or even the frustration caused by the
limitations that the individual carries for not being able to
use or adapt to new technological tools can cause physical
and psychological tensions, known as technostress [26],
which tends to cause the reduction of the productivity of
individuals. These negative effects of scanning occur, not
only by the high load of information and activities offered,
but also because of the notifications and alerts that
accompany the individual all day long. Seeking to reduce
these effects, it is noteworthy that organizations should
seek to assist their professionals in the way possible in
order to avoid possible negative psychological impacts.

On the other hand, [13] argue that remote work will be
the main strategy of resilience of the labour market during
and after the Coronavirus outbreak, which further
highlights the relevance of digital skills for professionals
from all sectors. In this regard, while there are a number of
challenges in the use of ICT, there are also many
opportunities related to the adoption of data analysis tools,
project management, online commerce and social media
[1].

Finally, to analyse the positive and negative points of
the rapid change in professional work for remote work due
to the pandemic crisis of COVID-19, with the need for
these workers to adapt to the use of digital tools in the
development of their activities, a qualitative approach will
be used, which will be detailed in the next section referring
to the research method.

V. RESEARCH METHOD

To achieve the objective initially established in this
study, which is to analyse the challenges and opportunities
of the urgent change of professional activity to the home
office due to social isolation measures, a research
classified as descriptive was made, which, according to
[27], has the purpose is based on the description, recording,
analysis and interpretation of the data without their
manipulation. The approach defined for this work is
qualitative, because it allows to deepen particular issues
and explore a level of reality that is difficult to be
quantified [27].

4.1 Data collection and analysis

Figure captions appear below the figure, are flush left,
and are in lower case letters. When referring to a figure in
the body of the text, the abbreviation "Fig." is used.

Figures should be numbered in the order they appear in the
text.Data were collected for this research through deep-

Page | 50


https://dx.doi.org/10.22161/ijaers.79.6
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.79.6

[Vol-7, Issue-9, Sep- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

founded  interviews,  documental  analysis and
bibliographical research. This type of data collection with
multiple sources is advocated by [28] to increase the
reliability of the results, especially when the qualitative
approach is used in the work. For this paper, therefore, a
bibliographical research was made to explore the state of
the art on the challenges and opportunities of remote work
and on the use of digital tools that allow the home office,
thus having references from academic literature to support
empirical study.

Regarding the collection of primary data, it was done
through eight semi-structured interviews, conducted with
workers from different sectors and with different profiles
that had to adopt telework urgently in order to maintain
professional performance during the period of June 17
from 2020 to August 06, 2020. In search of the definition
of the number of interviews, the criterion of saturation
sampling was used, which is used in qualitative research in
order to delimit the closure of the study sample [29]. As a
general criterion for the selection of the interviewees, it
was defined that they should be people working in a
remote work regime on an exceptional basis due to the
restrictions imposed in order to contain the spread of
COVID-19 and we sought representatives from various
segments of activity. Table 1 presents the profiles of the
interviewees in this study:

Table.1: Profile of respondents for the survey

Interviewed |Profile

Financial advisor of a large company in the medical
equipment industry

Interviewee 1

Interviewee 2 | Small entrepreneur in the graphic business

Interviewee 3 | Saleswoman in small clothing store

Interviewee 4 |Freelance food professional

Interviewee 5 | Teacher with online classes

Interviewee 6 | Manager of innovation projects in the public service

Communication professional of a medium-sized

Interviewee 7 ; 5 i
company in the furniture manufacturing industry

Interviewee 8 | Accountant who has his own office

The interview script was constructed from the initial
objectives of this study, bringing the point of view of
Brazilians and based on the issues of the themes:
challenges and opportunities arising from remote work and
digital tools used for work activities. On the other hand, the
collection of secondary data, done through documentary
analysis, occurred through access to the Eurofound report
[9], which condenses data on the positive and negative
impacts of the home office in several countries, with the
exception of Brazil.
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After the literal transcription of the interviews, the
analysis of the results was performed, based on the data
triangulation, which aims to increase their reliability
[30]and offers a more comprehensive understanding of the
phenomenon studied. For the treatment of the collected
data, content analysis was used, which allows the
interpretation of the responses of the respondents'
statements [31]. The results of this research will then be
discussed in the next topic, where the data obtained in this
study will be detailed and explored.

V. RESULTS AND DISCUSSION

This section will analyse the data collected in this
empirical research from the sources of evidence detailed
in the previous chapter. Contextualizing the period in
question is essential, because the moment is exceptional
due to the pandemic crisis of COVID-19, which interferes
in the form of adoption of both remote work and
preparation for the use of digital tools that support it.

Regarding the disadvantages of remote work, workers
highlighted the tendency to work beyond the predefined
hours in the contract, create an overlap between work and
personal life, with interference from one another, and
result in intensification of work [9]. Another drawback
reported by respondents who are subordinates and that
does not appear in Eurofound's report is related to the fact
that the organizations in which they operate simply
transferred the structure costs to the employees. That is,
they were assigned to remote work, but without being
provided with any structure for this performance, such as
digital devices, internet, light, equipment and office
furniture, etc.

Within this structural issue, respondents also said that
they often have to share digital tools with family
members, as their children are taking remote classes and
partners are also working in home office format. In
addition, apart from cases like the one with the
Interviewee 6: "the internet is very slow because we are
making video calls all together, my husband is sometimes
in a meeting at the same time as me and my son is
studying, taking online classes”. This question
substantiates the study by [7], which states that adaptation
had to occur so quickly that there was no time for
planning and structuring the teleworking.

Another point that emerges is related to the separation
between personal and professional life. In the home
office, because employees are not linked to the employer's
facilities as a fixed workplace, and because it is feasible
to perform work-related tasks anywhere and at any time,
the professional is more likely, in order to meet his goals
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or by charges from his superior, to extend the hours he
dedicates to work activities beyond what is in the contract
[9]. On one side, the worker has greater autonomy to
carry out his activities, being able to adjust his schedules
according to personal needs, but, on the other hand, the
individual tends to work longer and at times that would be
dedicated to leisure, in other conditions.

To illustrate the increased time dedicated to work
activities, the Eurofound’s report [9] highlights the
difference between the rates of professionals who report
working more than 48 hours a week according to the way
they work, and around 8% of employees working in the
company’s office compared to more than 30% of those
who provide their services in a home office routine. In
addition to these condensed data from several countries, it
is emphasized that, within the universe of this empirical
study, all interviewees confirmed their performance
beyond their work day and the speech of Interviewee 3
illustrates this situation:"Working from home, for me, is
much more exhausting than having to be in the store,
because before people respected the time we were open
and knew that we were online on Instagram, but there was
the store for them to visit us. Not now, any time is time to
work. If it takes a while, the customer no longer likes it or
looks for another profile to make the purchase. So, | have
to be online all the time. If I'm awake, I'm with my cell
phone, I don’t have time to goof around anymore."

The line that separates the professional and personal
life of the individual becomes very thin. Interviewee 5 has
a 3-year-old son and reports: "(...) he asks at all times to
play and is always appearing in my classes. Me and my
students think it's funny, but | feel like he wants me to pay
more attention to him, because there's no school now, it's
just us all day (...)". For her, class preparation and other
complementary professional activities are  impaired,
because they have to be divided between domestic tasks,
be present with the child and also work remotely at
home, all of this adding, also, to the emotional and
psychological issues that emerge in a period of
uncertainty such as the pandemic crisis of COVID-19,
which qualitatively illustrates the quantitative empirical
research done by [16].

One of the factors restricting the adoption of the home
office is the culture of the way of working, because the
traditional style of management through very strict
supervision and control does not allow flexible modes of
action [9]. However, according to [12], scanning can help
in this monitoring. In addition, other limiting factors
include low level of trust between superiors and
subordinates, fear of loss of control by managers, needs
for interaction in the workplace, and lack of space and
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equipment needed at home [9]. The statements of the
interviewees in this empirical study also corroborate the
data of the other countries described in the report, because
both the entrepreneurs surveyed and the employees
reported the same adversities related to monitoring.

Another barrier to home office adoption is the
complexity and skills needed for the effective use of ICT
[1]. Respondents 2 and 8,presenting the point of view of
entrepreneurs, confess that they had difficulties to
implement telework for two main reasons: first, because
monitoring was always done in the traditional way, by
face-to-face supervision and control of schedules and
development of activities; and then, because they
themselves did not have mastery of the necessary tools for
this.

In this sense, one point needs to be highlighted:
although the skills in digital tools are being more
requested than ever, both in the interviews for this study
and the Eurofound report [9], it was found that
transformation and digital literacy [20] are still gaps in
organizations. In quantitative data, only 58% of people in
Europe had basic digital skills or above in 2019. On the
other hand, the current economic crisis has accelerated
digital learning [13] and, although some interviewees
have less familiarity in the use of ICT, all indicated that
they had increased their knowledge about the possibilities
of using them and the use of at least one new software,
due to the need to software adapt to remote work..

In this context, in order to adapt to adverse conditions,
individuals had to adopt practices that were not part of
their routines, such as: meetings per conference
experience; sharing documents on drives in the cloud;
remote access to other computers; project management in
shared programs; digital signature of documents;
management of routines and goals through applications.
Based on the survey of the digital tools used by the
interviewees, Table 2 was elaborated with this condensed
information:
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Table.2: Digitals tools used by the interviewees

Category Tool Description

Communication tool used in organizations for internal communication
Whatsapp ~ |between teams and external with consumers and suppliers, and also for

business dissemination and marketing
Social

networks

Photo and video sharing tool, used for dissemination of products/services
and communication with consumers

Social media tool used by organizations to communicate with the public
and in the dissemination of their products / services

Instagram

Facebook

Trello Tool based on to-do lists and with direct correlation with Kanban

Tool for creating a mural or collaborative virtual framework for
recording, saving, and sharing content between teams

Tool to track and manage projects, and can be used for areas such as
Marketing, Operations, Sales, Product Development, HR

Project  |Padlet

Asana

Tool for visual communication, allows the exchange of instant messages

Zoom and sharing of the screen

Video  [Google
conferencing | Meet

Microsoft | Multifunctional tool, which allows video conferences; storage and

Video calling tool, allows instant messaging and screen sharing

Teams sharing of files; team management; project management
Graphic design tool that allows you to develop social media graphics,
. Canva presentations, flowcharts, posters, among others, integrating various
Design types of images, fonts, templates and illustrations
Platforms - - - - -
Mi Collaborative online tool for simultaneous construction of mind maps,
iro . S .
business modelling, diagrams and boards with notes
. Tool for remote access, desktop sharing, online conferencing and cross-
Teamviewer .
computer file transfer
Remote access - "
Tool that provides remote access to personal computers running the host
AnyDesk .
application
. Tool for organizing and performing tasks through the pomodoro
Task FocusList technique
Organizer Any.Do Task manager tool and activity lists, allowing you to insert new notes by

typing or voice
File storage and synchronization tool, which allows you to upload any
type of program or file

Creating, GO_O‘J'E‘
Editing, and |Drive

b Storing | oneDrive [ Microsoft cloud storage tool, where you can store and host any file type

mn

the Cloud [Dropbox Cloud file storage tool

Survey Tool for the development of quantitative and qualitative research based
Data monkey on online data collection

collection  |Google Tool for creating online forms, mainly used for data collection and
Forms satisfaction survey, and can assist in the decision-making process

Electronic signature tool that allows the generation of documents and

Dasign creation of templates with form for the individual to fill out

Electronic
signature

Adobe Sign | Document signature management tool

This evidence of the use of new tools due to social
isolation measures in the Coronavirus pandemic shows
individuals' recent learning about other ICT possibilities
and the search for digital transformation, confirming the
statement made by [3] that external shocks force
companies to accelerate their innovation processes.

Regarding the benefits of teleworking, Interviewees 1
and 6 agreed that having more flexibility in their work
and not having to waste time in traffic are the main
privileges of the home office. Interviewee 2 pointed out
that the possibility of being able to spend more time with
the family is what has stood out in this scenario for him.
These advantages, as well as greater  agility in the
deliveries of activities, increased quality of life, exclusion
of regionality for professional performance |, greater
concentration by reduction of noise from the work
environment and greater autonomy in the execution of
tasks, were listed in the results of the study by [11] as the
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benefits pointed out by professionals in remote work. In
addition to this, the [9] also points to the positive effect of
teleworking, in addition to these, increased productivity
[9].

A relevant point stands out here, employers with
experience in the adoption of remote work observe its
advantages more than individuals who have not yet
experienced this experience, which suggests that there
may be a certain prejudice against this form of execution
of the service [9]. The Interviewee 7 agrees on this issue,
stating that, in his opinion, the ideal scenario is a mixed
model, in which he would develop his activities in the
work environment during some days of the week and, in
other periods, would work from home. [9]highlights
similar results, emphasizing that satisfaction rates vary
mainly, depending on whether the home office completely
replaces the face-to-face work in the office or
complements it. In addition, other variables also influence
the approval of remote work, such as familiarity in the use
of ICT, the workplace, the definition of the limits of
professional life and the characteristics of each productive
sector.

Finally, when asked if they intend to follow a home
office regime after the end of the pandemic period, the
professionals did not give similar answers. Interviewees 3
and 4 stated that they intend to continue working on a
teleworking basis, because they are managing to obtain
higher financial returns, since they are self-employed
professionals, they can answer to their customers at any
time and do not need to spend on the rental of a physical
space. Interviewee 1 was the only one who replied that he
would like to return to his work schedule at the office,
highlighting: "In my apartment | do not have a suitable
space to work. And as a matter of fact, | don't even want
to. For me, home is to rest and to be with my family." The
other five Interviewees stated that they plan to work on a
mixed basis, alternating days in remote work and others
complying with the schedule in the organizational
environment. Concluding, at this point, the analysis of the
results, the following section will point out the final
considerations of this article, in order to contribute to the
advancement of academic literature.

VI CONCLUSION

At the current stage, the rapid spread of COVID-19 has
led decision makers around the world to adopt prevention
measures to reduce the contagion of the disease, which
include social isolation and, in many cases, total
restriction of non-essential activities. Because of this,
companies had to seek solutions on an emergency basis in
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order to survive this health and economic crisis. One of
the most widespread strategies to overcome these
limitations was the adoption of remote work, which has
many challenges, but also numerous opportunities. It is
also noteworthy that the emergence of the home office, in
this case, differs from the scenario in which the form of
remote action is planned and structured, because the need
for rapid adaptation to this regime, in most cases,
occurred in an ungoverned manner.

As positive points of remote work, we highlight the
increase in flexibility and autonomy in the execution of
activities, the reduction of time spent commuting to the
work environment, digital transformation, increased
productivity and the possibility of spending more time
with the family. On the other hand, the biggest challenges
of the home office were the added working hours without
their financial reward, the intervention of professional life
in the person, the urgent adoption of new digital tools, the
transfer of infrastructure costs to the employee and the
forms of control.

This transformation of the way of working, using
digital tools as support for the home office, is occurring
more because of the need and, if perpetuated, will have a
direct relationship with the change of mentality and not
with technology, because the necessary technological
mechanisms have been around for some time, not needing
to be developed. In any case, in the data collection of this
research, we observed the digital tools most used by the
interviewed professionals and a list of them was made to
support the development of tasks by teams that are
working in a teleworking regime.

The reflection on this phenomenon of imposition of
telework and acceleration of the use of digital tools so that
work activities can be carried out at home is being carried
out since the first weeks in which social isolation
measures were taken. However, this is still a very recent
discussion in the academic literature and it is necessary to
move further, especially by analysing, at the end of the
pandemic period, which transformations will be
perpetuated and which will have been only punctual.
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Abstract— The objective of this article is to identify and evaluate public policies for Food and Nutritional
Security in the country, establishing the relationship between them and policies aimed at family farming,
based on their effects on the development of the most vulnerable populations and their fixation on the field.
The search for information included national and foreign authors who are experts on the topic, as well as
annual reports from 2016 onwards, from international organizations such as FAO, IFAD, IFAD;
WFS;UNICEF, WORLD BANK and others, who keep the safety assessment on their agenda. food and
nutrition in the world, detecting advances and setbacks, to suggest to nations, policies and action strategies
capable of correcting dysfunctions. The conclusions point Brazil out of the world map of extreme hunger,
however it indicates the increase of people in situation of food risk in the country, for not having the

economic conditions sufficient to have a healthy diet.

Keywords— Food Security, Family farming, Public policy, Law 13.345.

l. INTRODUTION

Although the concept of food security may vary from
country to country, given that factors such as food culture,
education, type of housing, health concept and others,
strongly influence this formulation, the definition adopted
by Law 11.345 that creates the National System of Food
and Nutritional Security - SISAN, explains in Art.3 “the
food and nutritional security consists in the realization of
the right of everyone to regular and permanent access to
quality food, in sufficient quantity, without compromising
access to other essential needs, having as a basis, health-
promoting food practices that respect cultural diversity and
are socially, economically and environmentally
sustainable. ” (Organic Law on Food and Nutritional
Security, art. 3, 2006). Therefore, this Law places the State
as responsible for the food well-being of its population.
Reinforcing the State's commitment to the quality of life of
the population, the Federal Constitution of 1988, in its art.
6th says: “Education, health, food, work, housing, leisure,
security, social security, maternity and child protection,
assistance to the helpless are social rights, in the form of
this Constitution. " (Brazil, 2010). Despite the existing
legislation in the country to ensure a decent life for all, and
to be Brazil one of the largest world producers of food and,
even if there is not an explicit situation of hunger,
approximately 46 million individuals live in a situation of
risk, as their income is insufficient for them to be able to
eat in the recommended quantities and with the necessary
quality and regularity (FAO, 2020)
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The concept of Food Security emerged from the
First World War (1914-1918), when in Europe the term
was linked to the notion of national security and with the
capacity of each country to produce its own food, so as not
to be vulnerable in embargoes, boycotts or for political or
military reasons (GALEAZZI, 1996). It returned to the
surface, in the Second World War, when the devastated
European countries, with their physical and material
structures destroyed and their population without the
necessary means to produce their own food, started to
discuss the matter, putting the need to create a
multinational organization, to encourage agriculture and
food, which, regardless of wars, calamities, natural
weather, would guarantee all peoples access to food, in
quantity, quality and regularity. At the same time, the
implementation of the UN - United Nations Organization
and the IMF - International Monetary Fund (GALEAZZI,
1996) was being discussed, to create policies and funds
capable of restructuring world economies. After a wide
debate, in 1945 the FAO - Food and Agriculture
Organization of the United Nations is created, whose
purpose is to fight hunger and poverty, promote
agricultural development, improve nutrition, seek food
security and the access of all people, at all times, to the
foods necessary for an active and healthy life (BELIK,
2003).

However, not with this terminology, but with the
same essence, since the eighteenth century this topic was
addressed by the English economist and demographer
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Thomas Robert Malthus (1798), whose theory he defended
supported the idea that demographic growth would exceed
capacity the land, generating hunger and misery. This
theory served as the basis for the Conservative
Modernization of the Green Revolution that changed the
way of planting and harvesting between the 1930s and
1980s of the 20th century worldwide.

In Brazil, the Green Revolution, despite increasing
the productivity of crops, especially commaodities, did not
reduce hunger as promised, because its cause was never the
lack of food, but a set of elements such as the lack of
access to land to produce ; the lack of money to buy food
and the ignorance of the technologies generated by
research bodies for the people of the countryside to make
appropriate choices for each geographic context. This
scenario is decisive for the social injustice that has been
affecting the poorest since colonization. In addition, the
Green Revolution left a legacy of soil erosion and
compaction, especially in the northeast; reduction of water
resources, since so-called modern agriculture is responsible
for 70% of the consumption of existing fresh water;
flooding and salinisation of irrigated land; contamination
of soils and workers with agrochemicals, with a relevant
impact on the health of the population (LAZZARINI,
2018).

In the post modern concept of food security, in
addition to the availability in quantity, quality and
regularity of food, since the 2nd National Conference on
Food and Nutritional Security, held in March 2004 in the
city of Olinda - Pernambuco, it has been advocated that
each people has the right to define policies that guarantee
the preservation of traditional production and food
practices of each culture, carried out on an
environmentally, economically and socially sustainable
basis. From then on, Brazil adopted the following concept:

“(...) Food and
Nutritional Security
consists in realizing
the right of
everyone to regular
and permanent
access to quality
food, in sufficient
quantity,  without
compromising

access to other
essential needs,
based on health-
promoting food
practices that that
respect cultural
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diversity and that
are environmentally,
culturally,
economically  and
socially sustainable
”(Law 11.345).

This understanding was reaffirmed in the Organic
Law on Food and Nutrition Security, approved by the
National Congress and sanctioned by the President of the
Republic on September 15, 2006, a legal instrument that
constitutes an advance for considering the promotion and
guarantee of DHAA as the objective and goal of the Policy
Food and Nutritional Security (BELIK, 2003).

The initial idea on Food Security, which was
guided by food production, only remained until the 1st
World Food Security Conference promoted by FAO, in
1974. In 1996, more than 180 nations participated in the
World Food Summit, and there have pledged to halve, by
2015, the rate of malnourished people in the world. This
commitment was renewed in Rome, on June 11, 2002, by
the same 182 signatory countries of the previous
declaration (BELIK, 2003).

Referring to the issue of hunger and food
production, Amartya Sen (2000), states Malnutrition,
chronic hunger and collective famines are influenced by
the functioning of the entire economy and society as a
whole - not just the production of food and agricultural
activities [...] food is not distributed in the economythrough
charity or any other means. automatic sharing system. The
potential to buy foodhas to beacquired. [...] people go
hungry when they cannot establish their “entitlement” on a
sufficient amount of food (SEN, 2000).

Thus, it can be observed that the concept of food
security is constantly changing, always incorporating new
elements in its understanding, such as, safe food, one free
from chemical or biological contamination; food quality,
incorporating nutritional aspects; balancing the diet;
cultural and other aspects, which subsidized the
International Conference on Nutrition, promoted in 1992
by the UN and FAO, with the presence of 159 countries
and the leaders of the European Economic Community. At
this event, the World Declaration on Nutrition was drafted,
where all participants declared that hunger and
malnutrition are unacceptable and that access to
nutritionally adequate and safe food is a right of every
person. The World Food Summit met in Rome in 1996,
addressing the issue and highlighting: “Poverty is an
important cause of food insecurity, and sustainable
progress in its eradication is fundamental to improving
access to food” (WORLD DECLARATION OF ROME,
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1996). In early 2002, FAO organized a new Conference
with the name “Summit + 5”, in which it was found that
the 2015 target was very far from being reached.

Referring to the issue of hunger and food
production, Amartya Sen (2000), states:

“Malnutrition,

chronic hunger and
collective  famines
are influenced by
the functioning of
the entire economy
and society as a
whole - not just the
production of food
and agricultural
activities [...] food
is not distributed in
the economy
through charity or
any other means.
automatic  sharing
system. The
potential to buy
food has to be
acquired. [...] people
go hungry when
they cannot
establish their
“entitlement” on a
sufficient amount of
food” (SEN, 2000).

Thus, it can be observed that the concept of food
security is constantly changing, always incorporating new
elements in its understanding, such as, safe food, one free
from chemical or biological contamination; food quality,
incorporating nutritional aspects; balancing the diet;
cultural and other aspects, which subsidized the
International Conference on Nutrition, promoted in 1992
by the UN and FAO, with the presence of 159 countries
and the leaders of the European Economic Community. At
this event, the World Declaration on Nutrition was drafted,
where all participants declared that hunger and
malnutrition are unacceptable and that access to
nutritionally adequate and safe food is a right of every
person. The World Food Summit met in Rome in 1996,
addressing the issue and highlighting: “Poverty is an
important cause of food insecurity, and sustainable
progress in its eradication is fundamental to improving
access to food” (WORLD DECLARATION OF ROME,
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1996). In early 2002, FAO organized a new Conference
with the name “Summit + 5”, in which it was found that
the 2015 target was very far from being reached.

1. FOOD SECURITY IN BRAZIL

In Brazil, the fight against hunger is not recent. In
the postwar period, the Brazilian physician Josué de Castro
mapped hunger in Brazil and “his ideas were decisive for
the institution of the minimum wage, which established a
basket of 12 foods, which would compromise 50% of the
salary estimate and would meet 100% of the
recommendations for calories, proteins, minerals and
vitamins ”(BATISTA FILHO, 2003). In Geography of
Hunger, Josué de Castro (1980), defines as an objective of
his study, to carry out an ecological survey on the
phenomenon of hunger in Brazil, guided by the geographic
principles of location, extension, causality, correlation and
land unity. It innovated by introducing in the work the
concepts of food areas, areas of endemic hunger, areas of
epidemic hunger, areas of malnutrition, Brazilian food
mosaic, in order to draw the first map of hunger in the
country.

By food areas, the author understood, a region that
had typical resources, a habitual diet based on certain
regional products and with its inhabitants reflecting, in
their biological and socio-cultural characteristics, the
marked influence of the diet. Endemic famine areas were
those in which at least half of the population had
permanent nutritional deficiencies, while in epidemic
hunger, the nutritional deficiencies of half the population
are transitory. Malnutrition areas, in their classification,
include small groups in a given region. Finally, it defines
regional and ethnic food diversity as the Brazilian Food
Mosaic (CASTRO, 1980).

In the methodology used, Josué de Castro, divided
the country into five food areas:

1. Amazon area, covering the states of Amazonas,
Para, Mato Grosso, Goias, Maranhdo, Amapa and Rio
Branco (the last two, at the time, were territories).

2. Northeastern sugar, covering the entire
northeastern coast.

3. Sertdo Nordestino, comprising the central lands
of the states of Piaui, Ceard, Rio Grande do Norte, Paraiba,
Pernambuco, Alagoas, Sergipe and Bahia.

4. Midwest, comprising the states of Minas
Gerais, Goias and part of Mato Grosso.
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5. Extreme South, at the time covering the states
of Guanabara, Rio de Janeiro, Sdo Paulo, Parana, Santa
Catarina and Rio Grande do Sul (CASTRO, 1980).

The food consumed in each of these areas was
defined by the culture of its population. For example, in the
Amazon area, the diet consisted of manioc flour, fish,
beans and rapadura, which were the components of
indigenous food, seasoned with plenty of pepper.
Chestnuts, acai and buriti, although nutritionally rich, were
little eaten at the time, making the population's diet very
poor. In the sugar northeast, the diet was rich in protein and
mineral salts,marine foods (fish, molluscs and crustaceans).
In addition to these, there were coconut, cashew, cocoa and
jerky, which made the coastal population's diet
nutritionally balanced (CASTRO, 1980).

In the case of the Sertdo Nordestino, the diet was
the most varied and rich, with Portuguese and Arab
colonizers as the main influence. The population fed on
corn and its derivatives, such as mush, hominy, couscous;
mugunzd; angu; bean; beef, mutton; buchada; sarapatel;
flesh of the sun; beef jerky; rapadura; milk; curd; cheese;
butter; pumpkin; gherkin; okra; sweet potatoes, which
made the diet of this population both in quantity and in
complete quality, meeting all nutritional needs. This
balance was only broken in prolonged periods of drought,
when the population was experiencing nutritional deficit,
the lack of water to plant and to give water to animals. In
the prevalence of this situation for a long time, the
sertanejo started to feed on roots, seeds, rustic plants and
wild animals, as a survival strategy (CASTRO, 1980).

In the Midwest, the basic diet was corn, beans,
corn flour and bacon. Although high in calories, from a
nutritional point of view it was to be desired. However, this
diet was supplemented with fruits, bananas, oranges,
papayas, avocados and vegetables. In the area of the Far
South, the region most developed in industry, agriculture
and commerce, the diet was complete. Rice, bread,
potatoes, meats, vegetables, legumes, fruits, the result of
the influences of the colonizers: Italians, Germans, Poles,
Japanese, Lithuanians, forming an immense food mosaic
(CASTRO, 1980).

In 1948 the Universal Declaration of Human
Rights (UDHR) was signed, which internationally
enshrined food as a fundamental human right. In Brazil,
despite the social inequality that separates rich and poor, in
terms of food and nutrition conditions, there are significant
advances, with repercussions on reducing extreme poverty.
Between 1990 and 2008, while the Brazilianpopulation
grew from 141.6 to 186.9 million, thepopulation in extreme
poverty decreased from 36.2 to 8.9 million people (IBGE,
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2010). It is worth mentioning that Brazil is the only
country in the world that has a specific law in the field of
food security and the right to food. Law n° 11.346, places
Brazil in a position of global protagonism in this matter,
even as an alert for government officials less committed to
the citizenship of its population, by stating in Art.2 that
“adequate food is a fundamental human right of the human
being, inherent in the dignity of the human person and
indispensable to the realization of the rights enshrined in
the Federal Constitution, and the public power must adopt
the policies and actions that are necessary to promote and
guarantee the food and nutritional security of the
population ”. It also emphasizes in Art. 3 that “it is the duty
of the public power to respect, protect, promote, provide,
inform, monitor, inspect and evaluate the realization of the
human right to adequate food, as well as guarantee the
mechanisms for its enforcement”. This text makes it
evident that having an adequate diet is not kindness,
sensitivity or charity of the governors who exercise it in
their management for the poor, but a legal obligation of the
State, as a representation of society. Law 13.415 is based
on the following guidelines:

a.The promoting the intersectorality of
governmental and non-governmental policies, programs
and actions;

b. decentralization of actions and articulation, in
collaboration, between the spheres of government;

¢. monitoring of the food and nutritional situation,
in order to subsidize the cycle of management of policies
for the area in the different spheres of government;

d. conjugation of direct and immediate measures
to guarantee access to adequate food, with actions that
expand the population's autonomous subsistence capacity;

e.and. articulation  between

management;

budget and

f. encouraging the development of research and
the training of human resources.

These guidelines were drawn up with the
participationof society through social movements, hence
reflecting the concerns of the population. Food insecurity is
disrespect for human rights and directly affects the right to
life. Food sovereignty favors the economic, political and
cultural sovereignty of peoples.

In Mali, in 2007, at the World Food Sovereignty
Forum, the traditional peoples present or represented there
(indigenous, quilombolas, riverside dwellers, fishermen,
farmers, people of African origin and others), reformulated
the then concept of Food Security, adding other
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components to the text, in order to feel contemplated. They
state:

“Food sovereignty
is the right of
peoples to decide
their own food and
productive system,
based on healthy
and culturally
appropriate  foods,
produced in a
sustainable and
ecological way,
which places those
who produce,
distribute and
consume food at the
heart of systems and
policies above the
demands of markets
and companies, in
addition to
defending interests
and including future
generations.”(WOR
LD FORUM FOR
FOOD
SOVEREIGNTY,
2007).

What changes in this conception, according to Via
Campesina (2003), an important movement of rural
workers, is the valorization of those who produce,
including:

* Agrarian Reform, so that workers have access to

land, water, seeds, agricultural inputs, to produce under
competitive conditions.

* Priority of national products, avoiding that
imported products that are too cheap, due to the subsidies
they received from their governments, may harm local
farmers, especially family members.

* The participation of farmers in the definition of
agrarian and agricultural policies.

* The recognition of peasant women who play an
essential role in agricultural production and food.

» The appreciation of the local food culture, both
for those who produce and those who consume.

* Encouraging family farming, free of
agrochemicals (VIA CAMPESINA, 2003).
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These are the guidelines that qualify Brazilian
family farming.

1. MAIN PUBLIC POLICIES FOR FAMILY
AGRICULTURE THAT STRENGTHEN FOOD
AND NUTRITIONAL SECURITY IN BRAZIL

Public policies aimed at the agricultural sector
have been an important tool for the development of regions
and countries in recent decades. However, as discussed
above, agricultural policy in Brazil, from the post-war
period, was focused on the capitalized rural company,
which has large tracts of land, focusing on the
modernization of its productive structures, privileging the
increase in productivity through technological advances
and government subsidies (SILVA, 2008). Only from
1999, with the intense mobilization of social movements in
the countryside, PRONAF - National Program for
Strengthening Family Farming was created, an important
tool of financial increase for family farmers, because in
addition to reducing poverty and social inequalities among
the urban and rural population, it provides movement of
capital in the countryside, boosting the local market and
reducing the rural exodus.

Established by Decree 1.946 / 1999, it was
organized to operate in three different lines: credit;
municipal infrastructure and services and training, whose
sources of financing are the general budget of the union,
the workers' support fund and cooperative banks and
constitutional funds (SILVA, 2008). It covers the following
lines of credit:

« Pronaf Agroindustry - aimed at processing and
future commercialization.

* Pronaf Cota-Parte - aimed at members of
cooperatives.

* Pronaf Custeio - aimed at financing production.
* Pronaf Floresta - aimed at agroforestry projects.

* Pronaf Jovem - aimed at young people working
in agriculture.

* Pronaf Mais Alimentos - aimed at improving the
production infrastructure.

* Pronaf Mulher - aimed at women working in
agriculture.

Since its implementation, the program has
undergone changes to adjust to legal and market
requirements. Given its national relevance, it now includes
a set of programs to support family agricultural production,
such as:
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* National Policy for Technical Assistance and
Rural Extension (PNATER), created in 2003 with the
objective of restructuring the technical assistance system in
Brazil, focusing on family rural properties;

» Food Acquisition Program (PAA), which allows
the public purchase of products from family farmers at
prices established by the National Supply Company
(CONAB), for donation to social assistance organizations,
school lunches or stock building;

+ National School Feeding Program (PNAE),
which, according to article 4 of Federal Law No. 11,947,
aims to contribute to the growth and biopsychosocial
development, learning, school performance and the
formation of healthy eating habits of students, for through
actions of food and nutrition education and the provision of
meals that cover their nutritional needs during the school
year. Article 14 of the aforementioned law establishes that
of the total financial resources transferred by the FNDE,
within the scope of the PNAE, at least 30% (thirty percent)
must be used in the acquisition of foodstuffs directly from
family farming and the rural family entrepreneur or their
organizations, giving priority to agrarian reform
settlements, traditional indigenous communities and
quilombola communities. Coelho (2012), states that PNAE
is currently considered the largest dietary supplementation
program in Latin America, considering the length of
activity, continuity, universal character, the number of
students served and the volume of investments made.

» National Land Credit Program, facilitates the
financing of rural properties, for those who have not yet
had access to land, and can pay the financing in up to 25
years, with a grace period of 36 months.

 Unified Animal Health Care System (Elesa),
aims to ensure the health quality of food, decentralizing the
process of monitoring good practices for states and
municipalities.

» Land Registration and Land Regularization
Program, which aims to provide legal certainty to small
landowners and rural property owners targeted for
regularization.

* National Program for the Production and Use of
Biodiesel (PNPB), created in 2004 to encourage the
production of biodiesel, energy from renewable sources.
Oil extraction can be castor, sunflower, soy, palm, peanut
and others.

All of these programs have a positive impact on
rural families, however, the public policy that has brought
the greatest benefits to the rural population is Rural Social
Security, through pensions and pensions, which have
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transformed the quality of life of the elderly population,
when wear and tear due to the expenditure of energy in
hard work for the production of food, would not allow him
the deserved rest. It was the 1988 Constitution,
complemented by Laws 8,212 (Costing Plan) and 8,213
(Benefit Plans), of 1991, which determined universal
access for the elderly and disabled of both sexes in the
rural sector to social security, in a special regime, provided
that they prove the situation of rural producer, partner,
sharecropper and tenant, garimpeiro and artisanal
fisherman, as well as respective spouses who carry out
their activities in a family economy regime, without
permanent employees. (BRUMER, 2002).

In Brazil, family farming plays an important role
in food and nutrition security, in protecting the
environment, in generating employment and income and in
local development. The term family farming proposes
several nuances of meaning in its definition. Law No.
11,326 of July 24, 2006, characterizes family farming as
“that developed on rural properties with up to four fiscal
modules, where family work predominates over the total
labor of the establishment”. The value of the “fiscal
module” unit is fixed by INCRA, and varies from
municipality to municipality, based on the criteria of art.
No. 4 of Decree 84.685 / 80 (BIANCHINI, 2005).
However, as Altafin (2005) states, “Brazilian family
farming is an evolving concept, with significant historical
roots and linked to traditional peasant production”. For
Chayanov (1974), “family farming is one that does not hire
outside labor, that owns a certain extent of land and its own
means of production, and that, at times, is forced to
continue to employ part of its workforce in other activities
outside the property ”.

Public policy is being considered “the field of
knowledge that seeks, at the same time, to put the
government into action and / or analyze this action and,
when necessary, propose changes in the direction or course
of these actions” (SOUZA, 2006). For Cunha and Cunha
(2002), "public policies have been created by the State as
responses to the demands that emerge from society and
from within, representing the public commitment to act in
a given area in the long term". According to Lima and
Pitaguari (2005), public policies that include public
spending capable of reducing production costs and making
the productive sector viable improve the structural
conditions for growth and development of the local
economy. Summarizing the importance of public policies,
(Cornwall & Brock, 2005; Cabral, Favareto, Mukwereza,
& Amanor, 2016), they say that policies guide the conduct
of public managers for the relationship of the State with
Society, being formulated through laws, norms, decrees or
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even programs for its effective application, providing
improvements in the quality of life of all its citizens.

Although it is possible due to the evaluations
made by international organizations, such as FAO (2016;
2017; 2019) and the World Bank 2016; 2017; 2019), to
note advances in agricultural and agrarian policies aimed at
rural populations, with regard to family farming with a
view to food and nutritional security, serious deficiencies
in the State's performance can be identified, such as the
low participation of workers in the definition of these
policies; the marginalization and worsening of the social
situation, with loss of rights and omission in the
application of the law for offenders; unequal food
distribution, formation of an economically strong employer
category to the detriment of the family productive sector,
in addition to irreversible environmental problems
(GUEDES PINTO, 1995; BUAINAIN, 1999;
PESSANHA, 2002). But rural workers have resisted, and
the consolidation of the ideal of equality and social justice
is gradually taking place. More recently, this productive
segment has sought to implement agroecology in its
production  processes, from the perspective of
environmental  sustainability, the preservation of
biodiversity and the commitment to life. The
agroecological model of production proposes the
production of safe food without the use of agrochemicals,
based on traditional knowledge and methods of
environmental management and management produced
over many generations, in a meeting between human
beings and nature. (ANA, 2010; NAVOLAR et al., 2010;
PACHECO, 2010).

V. METHODOLOGY

This research is exploratory and descriptive,
whose objective was to identify with the national and
international organizations that address the theme of Food
and Nutritional Security the policies implemented in the
country by the State and its relationship with the guidelines
of Family Agriculture, verifying that Brazil is the only
country in the world that has a specific law to ensure the
quality of food for its population. Authors from the areas of
health and social sciences who stand out as scholars of the
subject were sought, but the basis of the information was
the reports developed by the United Nations Food and
Agriculture Organization (FAO), by the International Fund
for Agricultural Development ( IFAD), the World Health
Organization (WHO), the World Food Program (WFP),
and the United Nations Children's Fund (UNICEF), on the
State of Food and Nutrition Security in the World (2016;
2017; 2018 These documents inform that Brazil in Latin
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America has the best position in the implementation of
policies to combat poverty and hunger, having already
fully achieved the targets set for 2015 and many of the
SDGs - Sustainable Development Goals recommended in
the Agenda 2030, without disastrous State actions being
recognized as obstacles to development.

V. FINAL CONSIDERATIONS

The creation and application of incentive
programs for food and nutrition security in order to provide
improvements in the quality of life for family
farmers,hascontributed to promote the socioeconomic
development of rural communities as a whole in Brazil. The
democratization of public policies represents a promising
way to build a new social reality, with a view to reducing
inequalities.

Brazil has been employing strategies that combine income
transfer programs and support for production, supply and
access to food, which contribute to the improvement of
food and nutritional security indices, and in the expansion
of conditions of production, supply, distribution and
consumption of food. adequate and healthy, even at that
moment lived around the world with COVID 19, where
hunger started to increase, with unemployment and the
restrictions imposed on social interaction, making poorer
those who survive informal jobs.

The Emergency Aid given by the federal
government, has already directly and indirectly benefited
125.4 million people in the pandemic, guaranteed some
food for families (Ministry of Citizenship, 2020).Data
released by FAO on July 15, 2020 in the Report “The State
of Food and Nutritional Security in the World”, reveal that
Brazil remains outside the World Hunger Map, however,
according to the entity, 37.5 million people lived a
situation of moderate food insecurity in the country in the
period between 2014 and 2016, between 2017 and 2019
this number reached 43.1 million. In percentage terms, the
number also rose, from 18.3% to 20.6%.The document
says that, although Africa is the region where the highest
levels of total food insecurity are observed, it is in Latin
America and the Caribbean that food insecurity is
increasing most rapidly: it grew from 22.9% in 2014 to 31,
7% in 2019, and also a cause for alarm, the fact that it is in
that part of the world where the cost of the diet that meets
the minimum energy needs per day, is 34% more
expensive in the world, US $ 1.06. This means that for that
amount, more than 104 million people cannot afford a
healthy diet.

A relevant fact in Brazil was the approval of Law
14,016, enacted in June 2020, which provides for
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combating food waste. The text authorizes establishments
that operate with food production and supply, including
fresh, industrialized products and ready meals, to donate
the surplus that has not been commercialized, but that is
still fit for human consumption, guaranteeing the poor
intake necessary for poor families. maintaining health.

The document infers that the food security and
nutritional status of the most vulnerable population groups
will  deteriorate  further due to the health and
socioeconomic impacts of the pandemic caused by Covid-
19 and ends with the discussion of policies and strategies
to transform food systems, the in order to ensure affordable
healthy diets as part of the efforts needed to end hunger
and all forms ofmalnutrition. It signals the significant
challenges that remain in the fight against hunger, food
insecurity and malnutrition in all its forms, and calls for
action on two fronts:

1) Safeguard food and nutrition security through
economic and social policies that help to
neutralize the effect of economic slowdowns or
contractions;

2) Address existing inequalities at all levels through
multisectoral policies that make it possible to
eradicate food insecurity and malnutrition.
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Abstract— Objective: to describe the experience of professors and students of the undergraduate nursing course
in the use of reflective portfolio as instrument of assessment and self-assessment in the teaching-learning
process. Method: experience report, with participatory observation of professors and students of the
undergraduate nursing course at the University of the Amazon (UNAMA), Belém, State of Para, Brazil,
regarding the use of active methodologies in the construction of teaching in Urgency and Emergency, in the
period from August 6 to December 22, 2019. Result: in this teaching-learning process, using active teaching
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methodologies and formative evaluation, through the reflective portfolio, teachers played a fundamental role,
acting as facilitators, emphasizing self-directed and student-centered learning. Such experiences provided the
actors involved, teachers, students and managers, to see teaching as a privileged space, which allows constant
interaction at the moment of integrating theory learned in the classroom with practice. Conclusion: the use of
active teaching methodologies and consequent evaluation through the assessment tool, online portfolio,
contributes to increase the self-confidence, self-knowledge and reflexive competence of students throughout the
training process, in addition to providing theoretical-practical dialogue aimed at the profile of the professional

that it aims to form.

Keywords— Teaching. Reflective portfolio. Active methods. Evaluation.

l. INTRODUCTION

In the current context of university education, the
traditional models of teaching, learning and evaluation are
put in check, which start from linear and verticalized
premises, opening space for proposals that bet on a new
approach to training, which increases a dialogical
education among the actors involved , teachers, students
and higher education managers®,

The use of the portfolio in this process is a relatively
current topic, which has been frequently and increasingly
improved in different contexts and by researchers from
different professional categories, a relevant fact for the real
transformation of education in the health area®.

Where collaborative learning is privileged, the
autonomy of students, the processes of evaluation and self-
evaluation, based on teaching proposals with creative
activities and the partnership between students and
teachers, among other elements that guide the process of
teaching and learning, is not to cause strangeness that,
more and more, teachers and managers of higher education
are betting on assessment instruments that are also
dynamic and reflective, that allow a meaningful teaching-
learning, having the student as the main focus of the
teaching-learning process®.

In this perspective, the reflective portfolio falls within
the context of training by skills and formative assessment,
whose learning is based on constant and continuous
feedback between teacher and student, and student-student.
The results should focus on the process of building
knowledge in a dialogical and creative way, transcending
the cast and crystallized, punctual and classificatory
paradigm used in the evaluations present in traditional
teaching models®.

Portfolio is recognized as both an instrument and an
evaluation methodology. As a methodology, it requires
teachers and students to assume a posture committed to a
pedagogical practice based on the transformation and
overcoming of adversities and challenges. In this
perspective, the triad: critical about the construction of new

www.ijaers.com

knowledge, renewed synthesis of the knowledge plan and
action in relation to the new synthesis elaborated. As an
instrument, it fulfills the purposes of collecting and
registering information, transcending the instrumental
aspect, given that, under this focus, it gives rise to

reflection on the relationship between theory and practice
©)

The evaluation in the teaching process must be
permanent and planned, taking into account all the
dynamics of the path that the student goes through during
the learning process. In this context, there are conflicts
with care situations, the perception of the world of work,
inherent challenges to communication, requiring the
exercise of listening and permanent reflection. The student
is evaluated regarding their commitment, participation,
motivation, capacity for reflection and critical thinking,
which are the main factors for assessing academic
performance. The subjectivity of interpersonal and
intrapersonal relationships, and measurements between
peers and groups are fundamental aspects that must also be
considered in the evaluation field®.

In this context, assessment instruments emerge, which
are records of different natures, such as: tests, tests, works,
scientific, intellectual and artistic productions of the
students, based on the assumption that only what was
taught could be evaluated®,

Among different teaching assessment instruments
present in university education, the reflective portfolio
stands out as an innovative method, capable of leading
students to pan and collect their opinions, doubts,
difficulties, reactions to the contents, the studied texts and
the techniques of teaching, feelings and situations
experienced, offering subsidies for the evaluation of the
student, the educator, the contents and the teaching and
learning methodologies planned and implemented. In
education, the portfolio presents several possibilities, with
the main contribution to learning being built by the student
himself, or group of students. Gradually, throughout the
school semester, the student organizes his productions,
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which show the trajectory of his knowledge construction
process®.

Evaluation of the training process concerns the
accompaniment of teaching and learning and, therefore,
works as a mediating tool in this process, that is, it
mediates the relations between teaching and learning,
between teacher and student, and not least, the
management of teaching. When carrying out the evaluation
process, as a mediating and formative action, the teacher
becomes a facilitating, reflective and guiding agent,
monitoring the student's performance and analyzing his
own work®. Thus, the portfolio allows the teacher to
experiment with diversified alternatives. and reflect on the
possibility of future use in their own professional
practice®, confirming the role of the university, to
develop, in students, cognitive, metacognitive, social,
emotional, affective, motivational, technological and
instrumental skills, enabling these competences become the
priority object of the training apparatus.

In the meantime, the exercise of skills provided by the
reflective portfolio stimulates the autonomy, the critical,
reflective, creative and citizen spirit of the actors in
training®, and it is on this theme that the present
experience focuses. Thus, the objective of this work was to
describe the experience of professors and students of the
undergraduate nursing course in the use of the reflective
portfolio as an instrument of assessment and self-
assessment in the teaching-learning process.

1. METHOD

Report of experience with participative observation of
professors and students of the Nursing Undergraduate
course at the University of the Amazon (UNAMA), Belem,
State of Para, Brazil, from August 6 to December 22, 2019.

The approach describes aspects related to the
experience of academics in the seventh period of the
undergraduate nursing course, with an emphasis on the
activities developed in the curricular component "Nursing
Care in Emergency and Trauma".

The institution's nursing course works with guiding
principles in the curriculum that aim to develop attitudes
and skills essential to health work. These axes intend to
guide the training of nurses to meet the needs of the world
of health work, prioritizing the profile of the nursing
professional with critical-reflexive capacity and who can
intervene on the locoregional health reality. It is guided by
the nurse profile recommended in the National Curriculum
Guidelines (DCN) of the Undergraduate Nursing Course,
National Education Council, Higher Education Chamber,
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Resolution CNE / CES, of November 7, 2001, whose
Article 3 points out how profile of graduate / professional
traineeNurse, with generalist, humanistic, critical and
reflective training. Qualified professional for the practice
of Nursing, with scientific and intellectual rigor and guided
by ethical principles. Able to know and intervene on the
most prevalent health-disease problems / situations in the
national epidemiological profile, with an emphasis on their
region of activity, identifying the spiritual biopsychological
and social dimensions of their determinants. Trained to act,
with a sense of social responsibility and commitment to
citizenship, as a promoter of the integral health of human
beings®.

The curricular component "Emergency Nursing Care
and Trauma" makes up the seventh semester of the course,
has a theoretical-practical character, with a workload of 80
hours, seeks to develop in the student the skills and
competences for nursing care for high-risk patients in
urgency and emergency, in order to provide nursing
assistance in pre-hospital, hospital and home emergencies,
in addition to performing nursing procedures in the main
emergency situations, using the nursing care instruments
based on the assessment of the health status of the patient.
individual, promoting clinical reasoning, through
experiences in health institutions where the Nursing
Process and Nursing Care Systematization can be applied,
in order to understand health work. It is based on ethical,
political, economic, cultural and social determinants for the
recognition of health professionals as transforming care
agents.

As it is a curricular component thought and
dynamically structured, its evaluation requires instruments
that can account for the construction of skills and
competences necessary for the nurse's performance in this
context, and that are not limited to classify or quantify the
proposed and implemented activities.

We believe that when methodologically and reflexively
formulating the evaluation process to be worked on, it is
necessary to consider the programmatic contents, the
bibliographic material, the laboratory practices, the
experiences in the health services, the teaching supervision,
the apprehension of skills and competences, the building
academic identity with the course, breaking paradigms and
understanding the role of the academic as an active subject
in the teaching-learning process.

The choice to use the portfolio as an instrument for
evaluating the discipline was due to the fact that in it,
activities of analysis and reflection are proposed, all
thought from problem situations arising from the practice,
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built by the faculty, which requires students

communication skills and critical analysis.

In this process, with the use of active methodologies, it
assumes that the student's assessment must value the
dynamism that involves the training, in an integral way;
allowing the monitoring, mutual exchange and growth of
everyone involved in the teaching-learning process.

Among assessment instruments that use reflection and
the development of critical thinking, we identified the
portfolio, as it is an instrument that presents an opportunity
to build from a dialogical relationship between educator
and student. It enables the apprehension of personal and
interpersonal information and meanings, which mediate
knowledge, dialogue with the various actors involved and
allow meaningful learning®4.

Portfolio enables questioning, criticism, reflection,
formulation and reformulation. It is not ready, it is
unfinished and in constant construction, welcoming
criticism and reframing of impressions. It presents
flexibility and dynamism, because it always seeks to
expand the possibilities of formulations and reframings,
and when it presents a chronology it must allow to
accompany personal / professional growth and with it
identify needs, weaknesses and inaccuracies, allowing
them to be corrected in time, so that learning is in fact
significant®,

We believe that this instrument stimulates reflective
thinking, allowing the recording and documentation of the
learning itself. It provides guidelines for reformulations
that respond to the objectives of the curricular component,
indicating new paths and possibilities, allowing the
exchange between peers, new perspectives on the same
activity, enabling the understanding of the diversity of
interpretations and multiple understandings under the same
aspect of health training work.

In elaborating the evaluation process of the discipling,
we sought to apprehend the essence of the development of
each student in their training process, allowing the
expression of subjectivity and the search for knowledge
constructed, apprehended and reframed by the academic, in
a growing spiral of involvement and technical-scientific
development. The product of this evaluation process is
characterized by significant learning, that is, one that
makes sense and has theoretical and practical applicability.

In this experience, the teachers initially taught an
integrated class with the explanation of ideas of how to
make a portfolio and build a blog, as well as the step by
step of inserting publications in the Virtual Learning
Environment. It is reiterated that in this stage there was the
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active participation of students, through the teaching
strategy Brainstorming.

During the classes, the students synthesized the
contents taught, being directed to research content
considered important to foster the construction of
knowledge in the context of nursing care in urgency and
emergency from the literature evidence, guided by the
teaching plan of the discipline.

When the period of practical classes started, technical
visits were made: one took place in an Emergency Unit and
the other in a municipal Emergency Room. On the
occasion of the referred visit, it was possible to observe the
routine of care offered by these services. Observation
continued during the semester, during supervised practices.

The contents were organized and inserted according to
the schedule of classes, these were evaluated by peers and
teachers, with an emphasis on relevance, scientificity,
compliance with scientific consensus, respect for ethics,
property and intellectual rights. It is reiterated that all the
content inserted in the online portfolio / blog followed the
recommendations of citation and referencing, giving due
credit to the authors of origin in compliance with ethical
precepts.

In addition to the practical activities carried out during
supervised practices and laboratories, which served as a
starting point for research and inclusion of content in the
online portfolio, all activities carried out in the classroom
were also part of the discipline's records. and images were
added to the blog and served as a subsidy for building the
portfolio.

At the end of the academic semester, there was a
culmination moment, when the students presented their
experiences, inserted in the blog, bringing their reflections,
self-evaluation and evaluation in the groups, allowing
collective feedback.

1. RESULTS AND DISCUSSION

The findings of this experience made it possible to
show that the configuration of the teaching and learning
evaluation process proposed and implemented, as it was
agreed between teachers and students, allowed them to
assume a committed and co-responsible posture, with
transparency throughout the process, which allows us to
infer by identifying positive manifestations from students
that this proposal was recognized as a legitimate
instrument to be applied, considering the needs of students
and having the involvement of these and teachers, from the
experience in the construction and orientation of portfolios,
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resulting in a process meaningful and motivating
assessment.

These results are in line with other studies, where the
expectation in using the portfolio was to be able to
mobilize the student's personal responsibility over their
learning process, favoring the analysis of the singularities
and peculiarities of each one's development(®.?,

Such finding was evidenced from the students'
speeches, where we observe reports that the portfolio
makes it possible to connect the contents studied in the
classroom with the real world, the professional world and
everyday life. As students are encouraged to pay attention
to the events around them and to think about them, actively
seeking content published in the databases and means of
scientific dissemination, a critical and reflective practice is
instituted and, concomitantly, a commitment to the best
health practices, the light of evidence, the exercise of
citizenship and with the current health system, Unified
Health System (SUS).

We emphasize that the criteria used in the evaluation
were transparent and clear, explained and agreed upon
since the beginning of the academic semester, facilitating
the student's visualization of his / her training process in a
continuous and procedural way. We reiterate a positive
apprehension in this experience, given that, there was the
development of comprehension and interpretation skills,
which we believe to be a facilitating element in the
decision-making process about the contents, with effective
exercise of oral and written communication.

The results of this experience are in line with the results
of other studies®” by demonstrating that the evaluation
instrument is not presented as a simple intuitive innovation,
but that, based on a theoretical-conceptual framework
associated with a previous reflection on the pertinent
literature proved to be an excellent didactic and evaluation
possibility, pointing to the different probabilities of using
the portfolio.

We found that students, while building an opportunity,
guided by teachers attentive to the competencies
established in the teaching plan, made reflections on
learning and progress.

In this perspective, the online portfolio proved to be an
assessment tool with potential for use in the teaching-
learning process, where the feedback, by the teachers, was
not only through oral communication, there was written
registration, helping in the process of self-evaluation and
evaluation, thus making the culmination and evaluation
moments an excellent opportunity for growth and mutual
learning.
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We believe that there was the development of the
student’s responsibility for his own learning, given that the
reflective activity was made explicit both in the portfolios
as a document, as well as in the evaluations and self-
evaluations carried out at the end of the school semester.
assessment in addition to the analysis of earnings
(summative assessment), providing reflection on one's own
thinking and the work carried out, allowing the detection of
mistakes made, the valuation of learning and evolution, in
addition to the valuation of the level of personal
satisfaction (formative assessment).

We understand and propose the use of the portfolio as
the individual record of all the knowledge developed by the
student, organized based on their reflections and activities
guided by the teacher, as well as comments on classes and
experiences.

During the construction of this important tool,
informative links, videos, images with relevant information
on the theme, contents that were part of the classes taught
and the activities developed during the semester were
inserted according to the respective effective dates.

The contents were organized according to the
curriculum component schedule and the activities carried
out during the school term, always following a
chronological sequence. As a final product, we built a
portfolio and presented it to classmates and teachers,
showing in great detail everything that was planned,
elaborated and developed during the construction of the
curriculum component.

During the preparation period, it was observed that the
portfolio / blog is an important methodological resource for
assessment, both in teaching and in learning, because when
organized in a portfolio format, it allows students the
opportunity to learn in a practical, dynamic way and
interactive. In addition to providing Internet users with new
sources of knowledge, it innovates the educational
methodology and ratifies the triple research, teaching and
extension proposed by educational institutionse®,

The use of the reflective portfolio in this experience
made the evaluation of the teaching learning process
dynamic, diversified, different and attractive, which was
based more on the execution path than on the results, on
the processes than on the products, in line with the ways of
working located in scenarios as close to the real ones as
possible.

It is emphasized as a contribution to the educational
practice, that the critical, reflective and active action
carried out by nursing students, through the reflective
portfolio, has the potential to allow the future professional
to experiment with a new teaching, learning, assessment
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and self-assessment strategy, so that, in the future, it can be
applied with practical experience®. Furthermore, the
experience allowed to know the weaknesses and potential
of the strategy, so that teachers can plan its use effectively,
according to the context and also with the group of
students with whom the teacher / facilitator will interact
and the profile of the student desired egress.

Finally, we believe that the objective set was achieved,
and although we have not obtained results different from
those already available in the scientific community, this
study reiterates the reflective portfolio as a promising
strategy for formative assessment.

V. CONCLUSION

The use of active teaching methodologies and
consequent evaluation through the assessment tool, online
portfolio, contributes to increase the self-confidence, self-
knowledge and reflexive competence of students
throughout the training process, in addition to providing
theoretical-practical dialogue focused on the profile of the
professional who aims to form.

An evidence pointed out by the speeches on evaluation
days and in conversations at the end of classes, is that
students identify with this new evaluation possibility,
which, at first, seems strange and causes discomfort, but
which, with the development of the discipline, materialized
and allowed each student to accompany their formative
process.

As knowledge is built, students begin to apply their
critical and reflective skills in a practical way; and as you
return to the portfolio, through the exercise of writing,
there is the construction of a story.

We believe that in the perspective of this formative
assessment methodology, more than an assessment and
self-assessment exercise, there is a construction of identity
with the profession, in a more critical, reflective and above
all attitudinal way.

We reiterate that such an experience is not challenging
and full of mishaps only for students, in terms of
overcoming the traditional paradigm with application of
tests; reflect, write, and build the portfolio, invited us as
teachers to reformulate our practices, our methodologies
and to look for other ways of teaching-learning-teaching, in
a dynamic that understands to evaluate the process and no
longer the final result.

It is understood that it is necessary to learn to evaluate,
to face this moment as something that enhances learning,
in the sense of integrating, proposing trajectories to be
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followed, but not the path with crystallized goals,
established without space for discussions.

The achievements are unquestionable, however there is
still a lot to try to understand and pan in these teaching
relationships; such search for instruments, methods with
the potential to offer students favorable space to learn,
learn, live and live together must be goals pursued by all
higher education teachers and managers.

A certainty pointed out is the certainty that we should
always encourage students to read and record activities as a
way to support scientific development. Much more than
technicians, manufacturers, we want to train citizens aware
of their social potentials and critical subjects capable of
identifying problems, with the capacity to cope with the
search for solutions.
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Abstract— The electromechanical impedance-based structural health monitoring is a non-traditional
vibration technique that compares a pristine signature to a damaged one. However, in order to compare a
complete frequency response function to another, it is necessary to create a virtual index called damage
metric, which indicates how far the investigated structure states from the initial condition. The most used
index is the RMSD (Root Mean Square Deviation) to have a quantitative measurement of the monitored
structures but CCD (Correlation Coefficient Deviation) is more robust to temperature changes. Thus, this
contribution focuses on thisCCD damage metric for simulated damages (mass addition) of Al beams in a
2x5 factorial design. The first factor considered was the pristine or damage condition. The second factor
was the environmental temperature of the specimen, during the signature gathering, for five levels: -10 °C,
0 °C, 10 °C, 20 °C and 30 °C. According to the references, temperature is a very important aspect to be
considered because some changes in the signature can be promoted, and for this purpose a temperature
chamber was used in the study. Several statistical evaluations were performed and this contribution
illustrates the median of the damage metrics are greater than the baseline ones. Also, although the
temperature level creates shifts of the damage metrics, this not caused false positives, enabling the

technique to differentiate the damage to the pristine conditions.
Keywords— Impedance-based SHM, Non-parametric inference, False positive removal.

I. INTRODUCTION

The maintenance function is one of the most important
aspects of production management today due to the straight
effects in repair costs, spare parts and production
losses.Then, maintenance has replaced the corrective
maintenance of critical items for predictive maintenance.
In this development, new supervision mechanisms have
emerged, such as SHM (Structural Health Monitoring).The
electromechanical ISHM (impedance-based SHM) method
is one of the most promising approaches, presenting
several research contributions over the last three decades
[6-7, 11, 13-17, 19].

ISHM is a methodology that allows damage detection
by comparing a pristine condition, related to a baseline
signature,to a new condition under investigation. This
impedance signature is gathered from a PZT patch bonded
on the surface of the structure under investigation and an
impedance analyzer store this information. The real part of
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the impedance is considered for the monitoring purposes
due to its relation to structural features while the imaginary
part, related to the PZT patch, it is not used in this
study[11, 13-14].

Impedance signatures are measured over a frequency
range (domain) and structural changes in stiffness and
mass due to incipient damage cause changes in shape and
peaks of the function.Thus, it is necessary to create a
quantitative approach for evaluating the changes that
occurred in the signature throughout the monitoring
process.This summary is made using damage metrics that
make it possible to verify the damage hypothesis in relation
to the initial condition (baseline).

However, in addition to structural changes,
environmental temperature is a factor that can affect
damage metric because it has an important effect on
impedance signature [16-17]. Thus, this variable must be
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considered in the monitoring process in order to avoid
mistakes.

There are several damage metric definitions due to the
ability of some specifics to be more robust to interference
such as temperature itself, even though it cannot
completely eliminate its influence.In this contribution, it is
used the most appropriate metric for the damage detection
with temperature changes through statistical tests such as
Kruskal-Wallis and Wilcoxon-Mann-Whitney [1-5, 8-10,
12, 18].

First most used metric in ISHM is the RMSD (Root
Mean Square Deviation) and is described in Eq. (1)[13-14].

RMSD = \/ ?:1 ((Re(zl,i)‘Re(Zz,i)) )

n

(L)where Re(Z3, i) is the real part of the baseline
impedance measurement at frequency i, Re(Zz, i) is the real
part of the impedance measurement under investigation at
a frequency i, and n is the total number of frequency
points.

However, the damage metric most robust and
considered in this contribution is the CCD (Correlation
Coefficient Deviation) described by Eq. (2) [7, 17].

CCh=1-cCC 2)
where CCD is the deviation from the correlation
coefficient and CC is the correlation coefficient given by

Eg. (3).
cC =yt

o &i=1

(Re(24,1)-Re(Z)) )(Re(22,:)-Re(Zy))

S$z.52,

®)

where Sz is the standard deviation of the baseline
signature and Sz, is the standard deviation of the
impedance signature under investigation. Correlation
coefficient 1 means 100% both signatures are fully
correlated. The greater the difference between signatures,
the lower the CC value. The CC value is also used to
compare and quantify admittance signals [17]. On the other
hand, the greater the difference between them, the greater
the CCD value.

Regarding the statistical tests used, the Wilcoxon-
Mann-Whitney Test is applied in the comparison of two
independent groups in order to verify whether the samples
provide enough evidence to support the hypothesis that
both belong to the same population.It is an alternative to
the t-test, a parametric test for equality of means, since it
does not require any hypothesis about population
distributions.

The Kruskal-Wallis test is an extremely useful test to
decide if k independent samples (k>2) come from the same
population. This test is applied for small samples or if
assumptions required to perform the analysis of variance
are seriously compromised. This test is an extension of the
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Wilcoxon-Mann-Whitney test, and therefore uses ranks
assigned to the observed values.The test also determines
that the variable under analysis is measured on a scale at
least ordinal and, therefore, applies to the damage metrics
determined from the electromechanical impedance.

In this study and for applied purposes, it is very
important the analysis of the damage detection based on
comparison of the baseline with cases under investigation.
However, there is a paramount importance in the use of the
values of the metrics for classification in true positive or
true negative events.

The false positive classification can lead to the
mobilization of teams and financial resources to repair the
false damage.On the other hand,a false negative rating can
lead to serious safety problems and subsequently high
maintenance and compensation values.

A proposed methodology for classifying the values of
the metrics is based on statistical quality control in which
the threshold for the decision rule is determined by Eqg. (4).

PZTthreshotd = Hmax + 30max (4)
wherep,,.,and o,,,, are respectively the upper limits of
the confidence intervals for the mean and for the standard
deviation in the baseline [17].

Il. EXPERIMENTAL PROCEDURE

In this case study, two aluminum beams of 500x38x3.2
mm were used. In each one a 1 mm thick and 20 mm
diameter PZT(Lead Zirconate Titanate) patch was glued to
100 mm from one end.

Five levels for environmental temperatures and two
levels of damage were considered.

Baseline measurements were made without adding
mass while other damage levels were caused by addition of
concentrated mass at the opposite end of the sensor in the
structure: B = baseline, D = 0.6g. Fig. 1 illustrates both
specimen during the measurements in a bi-supported
condition inside the chamber.

Fig.1: Two beams with PZT patches and mass additions.

A climate and temperature control chamber (Platinous
EPL-4H series) was used to control the temperature effect.
It was considered five environmental temperature levels: -
10 °C, 0 °C, 10 °C, 20 °C e 30 °C.This chamber is installed
in the Structural Mechanics Laboratory (LMEst) of the
School of Mechanical Engineering (FEMEC) at the Federal
University of Uberlandia (UFU).
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I1l.  RESULTS AND DISCUSSION
In this contribution the Kruskal-Wallis test is justified
to compare the temperature/damage levels since the
assumptions of normality of residues and homogeneity of
variances, necessary for the correct application of
parametric tests, were not satisfied according to Table 1.
Table 1: p-values of Shapiro-Wilk and Levene Tests for

CCD damage metric.
p-value
PZT Patch - -
ate Shapiro-Wilk Levene
1 1.1x1018 8.5x1018
5.3x10% 1.2x101

As presented in Table 1, this finding is verified through
the p-values of the Shapiro-Wilk and Levene tests, which
were less than 0.05 for both PZT patches. It should be
noted that if only one of the assumptions is not met, the use
of parametric analysis of variance is incorrect. In this case,
both normality of residues and homogeneity of variances
assumptions were not met. Therefore, the Kruskall-Wallis
test is a good alternative. Due to the lack of a test for
homogeneity of variance in experiments with more than
one factor, the temperature and damage levels were
arranged, thus forming a single factor composed of 10
levels.

Also, according to Table 2, the comparison of the
combined levels of temperature and damage using the
Kruskal-Wallis test, show that despite the temperature
effect, the test is sensitive to the detection of damage
regardless of which PZT patch is. In all metrics, the first
five groups (levels) differ from the last five, in other
words, the baselines (B) at any of the temperatures differ
from conditions with damage (D) at any temperature level.

Table 2: Median and comparison of CCDs by Kruskal-

Wallis test.
Temp/Damage PZT patch 1 PZT patch 2

-10°C - B 0.0016 a 0.0009 a

0°C-B 0.0016 b 0.0006 b
10°C - B 0.0006 ¢ 0.0006 ¢
20°C - B 0.0005 d 0.0006 d
30°C-B 0.0005 e 0.001d
-10°C-D 0.8492 f 0.8439¢
0°C-D 0.8617 g 0.8651e
10°C-D 0.8565 h 0.8763 f
20°C-D 0.831 hi 0.8873 fg
30°C-D 0.818i 0.8439 ¢

B: Baseline; D: Damage.

On the other hand, blocking the baseline (B) or the
damaged (D) cases, there are differences between the
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temperatures, which confirms the temperature effect in the
metrics.

A pattern of the temperature effect can be observed, in
which all temperatures differ in groups of two in the
baseline versus the damaged condition. Regarding damage
at temperatures 10 and 20°C and likewise at 20 and 30°C,
there was no significant difference (p-value> 0.05) with the
other pairs being significantly different (p-value <0.05).
Thus, it is observed that the temperature effect influences
the impedance signature since the signals should coincide
at the different temperature values and this does not occur.
This fact is observed in the baselines of the PZT patch 1
(Fig.2a) as well as in PZT patch 2 (Fig.2c). The same
occurs in both cases with damage for the two PZT patches
(Figs.2b and 2d). As the damage is the same by changing
only the temperature parameter, then the impedance values
should match. This observation must be made by specific
PZT patch since each sensor has its particularities and,
therefore, there will be a variation from patch to patch.
Consequently, it was decided to present in each plot
(Fig.2), the average impedance for the 30 impedance
signatures, by temperature, due to the variations between
signatures or repetitions. Only part of the frequency range
is shown here to visually demonstrate the temperature
effect on the impedance.
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Fig.2: Avg impedance signatures vs Temperature levels

According to the method's premises, the impedance
signature is expected to be significantly different in the
damaged condition compared to the baseline in some
frequency range. The impedance signatures obtained in the
two conditions may not differ in all frequency points, but,
if there is damage, the difference between their values will
be noticeable in some frequency sub-range. Thus, it is not
convenient to observe or directly compare the impedance
values across the monitored frequency range. The large
number of frequency points that are not sensitive to
damage could lead to mistaken decisions about the
presence or absence of damage. To consider this aspect,
damage metrics are used, which aim to summarize all
information of the impedance signature in a single
quantitative scalar value. In general, this damage metric
illustrates how different the baseline signatures are from
the supposed damaged condition.

ISHM has developed several damage metrics. Some of
them are addressed to minimize impacts as such as
temperature effects. However, it is observed as shown in
Fig.3 that the temperature effect also significantly affects
the damage metric.Results of the effect of temperature on
the CCD damage metric are shown in Fig.3.
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Fig. 3: Comparison of temperatures by the use of
Kruskal-Wallis test (both specimens, median of the
CCD damage metric — baseline and damage).
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In each figure, temperatures with same letter at the top
of the column indicate that they do not differ significantly
according to the Kruskall-Wallis test (p-value> 0.05).1t is
observed in Figs.3a-d that there are differences in all cases.
The patterns of differences in both PZT patches are not the
same in both pristine and damage cases indicating that
temperature changes on the damage metric depends on the
case.For the CCD damage metric of the pristine conditions
in PZT patch 1, the temperatures -10°C and 0°C do not
differ as well as the temperatures 10°C and 20°C, but -10°C
differs from 10°C and 20°C from 30°C. In the damage
condition of the same PZT patch,all temperatures differ.

Considering the possibility of a distinguished effect of
temperature on the CCD damage metric for pristine and
damage conditions, in each PZT patch, as observed
descriptively in Fig.3, it is acceptable to compare the two
states, with damage and baseline, by temperature.

Since the temperature parameter affects the impedance
signature, each case was compared with a baseline under
same temperature. Results of the Wilcoxon-Mann-Whitney
test presented in Table 3 indicate the efficiency of this test
in the damage detection for this specific experiment. For
all temperature levels and PZT patches, the test was highly
significant with p-values lower than 10Cindicating that the
damage was detected.lt should be noted that the application
of the Wilcoxon-Mann-Whitney test is conducted by use of
thedata ranks and the median, which is the most suitable
indicator to summarize the set.

The Wilcoxon-Mann-Whitney test's lack of sensitivity
to extreme values is an advantage because it reduces the
possibility of detecting a damage when it does not existor
the non-detection of the damage in the opposite
condition.These two possibilities are called false positive
and false negative, respectively.

Table 3: Wilcoxon-Mann-Whitney test for damage
detection at each temperature and PZT using the CCD

metric.
PZT | Temp. Condition (median) p-value
Patch | (°C) Baseline Damage

-10 |0.00161727 | 0.84915706 | 3.016x10%
0 |0.00155151 |0.86167958 | 1.691x107
1 10 |0.00055904 | 0.85650092 | 3.016x10°:
20 |0.00053254 | 0.83104712 | 1.691x107
30 10.00053703 | 0.81802007 | 1.691x10"7
-10 | 0.00085333 | 0.84387215 | 3.018x101
0 |0.00055869 | 0.86514823 | 1.691x10"7
10 | 0.0005758|0.87634048 | 3.018x101
20 |0.00058458 | 0.88732282 | 1.691x107
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| 30 \0.00101233 0.84387215 | 1.691x107

Despite the difference of effects of temperature for both
conditions, damage and baseline (Fig.3), it is desirable that
the methodology is able to identify the damage regardless
the temperature. Tables 2 and 3 show the results of
comparisons of all possible cases considering temperature
and damage (D / B) in which codes D and B reference to
the condition with damage and baseline, respectively. The
damaged condition differs from the baseline signature in
any temperature level. This fact shows that in this
experiment, in spite of the temperature effect, the
methodology was robust to detect the damage.

Table 4 presents the temperature-independent results
for damage detection for the CCD metric. It can be
remarked that, regardless of the temperature, damage
condition was identified (p-values> 0.001).

Table 4. Temperature-independent Wilcoxon-Mann-
Whitney test for damage detection for both PZT patches

(Medians).
PZT Patch Baseline Damage p-value
1 0.0006 0.8492 1.08x10°%0
2 0.000602 0.865148 | 1.08x10"%°

Tables 5 and 6 show the proportions of false negatives
and false positives identifications for both PZT patches by
the use of CCD metrics. It is considered in this experiment,
a baseline for each temperature and each PZT patch.

A threshold for each specific PZT patch was
determined from the baseline, considering each
temperature. For a such measurement, a damage metric
value below the threshold is classified as false negatives
and adamage metric value above the threshold is defined as
false positive.

The hypothesis of data normality for the CCD damage
metric was not achieved. Bootstrap methodology is applied
for building confidence intervals becauseit is more general
than the parametric approach. This feature is because there
is no need for normality and then can be used in this
specific case study. Thus, the confidence intervals were
chosen via Bootstrap technique.

Tables 5 and 6 show the existence of false positives in
the CCD damage metric, since the occurrence of the
damage metrics above the threshold should be zero for
values obtained from the baselines. On the other hand,
there are no values classified as false negatives. This
number of false positives can be caused due to the
existence of discrepancy points inside the damage metrics.

Table 5. Proportions of false negatives for the CCD

damage metric in PZT patches 1 and 2.

pzT | Thres.(B) False Negative (D)
Patch -10°C | 0°C | 10°C | 20°C | 30°C
-10°C 0 0 0 0 0
1 0°C 0 0 0 0 0
10°C 0 0 0 0 0
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20°C 0 0 0 0 0
30°C 0 0 0 0 0
-10°C 0 0 0 0 0
0°C 0 0 0 0 0
2 10°C 0 0 0 0 0
20°C 0 0 0 0 0
30°C 0 0 0 0 0
Table 6. Proportions of false positives for the CCD
damage metric in PZT patches 1 and 2.
Thres.( False Positives (D)
PzT | B) -10°C 0°C | 10°C | 20°C 30°C
-10°C 0 0 0 0 0
C | 0133 0 0 0 0
1 1°C | o733 | 06 0 0 0
20°C 0.8 0.7 0 0 0
80°C | o766 | 07 0 0 0
-10°C 0 0 0o | 0066 | 0166
oc 0 0 0 0066 | 0.166
2 10°C 1 006 | 0033 | o0 0066 | 0.166
20°C 0 0 0 0 0
30°C 0 0 0 0 0

IV.  CONCLUSIONS

Damage detection using non-parametric tests as Kruskal-
Wallis and Wilcoxon-Mann-Whitney is a suitable approach
for damage detection in SHM methods since they do not
need to satisfy statistical assumptions compared to
parametric techniques. In this contribution, both tests were
efficient for detecting damage but it is important to remark
that each experiment and case study can have different
impedance signature patterns.

Nonparametric tests were also effective for detecting
damage even in temperature-dependent conditions as the
electromechanical impedance-based SHM.

Nonparametric tests were also more efficient in damage
detection in relation to the threshold technique since there
were no false positive problems.

However, the temperature effect can induce false
positives, detecting damages in absence of them. Based on
this finding it suggests new studies considering a smaller
difference between the temperature levels in order to
investigate false positives. If such false positives do not
happen at smaller temperatures, any measured condition
along the monitoring can be compared to the baseline
signature.

Other damage severities are also a suggestion for future
contributions since this parameter is temperature-
dependent. The hypothesis of interest in this case would be
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to investigate the boundaries which temperature would
interfere in the damage detection.
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materials in order to make them more
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José de Almendra Freitas Jrl, Marienne R. M. Maron da Costa?, Carlos
Frederico Alice Parchen?, Barbara T. Villas Boas?, Setsuo Iwakiri®

1.234Cijvil Construction Department, Federal University of Parana, Curitiba, Brazil
SForest Engineering Department, Federal University of Parand, Curitiba, Brazil

Abstract—Cement building materials are quite aggressive to the environment because of their
manufacture causing large amounts of greenhouse gas (GHG) emissions, such as cement and steel. Wood-
based materials are great in this respect, as they generally consume less energy for their production and
wood stocks carbon in their structure, neutralizing CO2 emissions, the main GHG. But for various
reasons, it is not always possible to apply purely wood materials. This work shows two cementitious
building materials, concrete blocks and closing panels, which were developed in researches at the Federal
University of Parana (UFPR - Brazil), which contains wood particles in its composition. These materials,
in substitution of the corresponding traditional materials, mitigate GHG emissions by the construction
works, without causing technical losses. The materials developed in the cited researches are produced with
Portland cement, lime and wood particles. The carbon fixed by the wood plus the CO2 absorbed from the
air by the carbonation of the lime during the first years of useful life neutralizes the majority of the GHG
emissions of its production.

Keywords— Construction materials, Greenhouse gases emissions, Concrete blocks, Closing panels.

l. INTRODUCTION

Within this context, many developed countries (or
individual cities) have shown concerns about the emissions
of greenhouse gases (GHG) generated by the production of
buildings, because of the growing environmental
challenges facing society nowadays. The problem of the
greenhouse effect and the increase of CO, concentrations
in the atmosphere are becoming increasingly relevant.

Countries in Europe, USA, Australia and Canada have
been implementing regulations specifically designed to
control buildings' carbon emissions, both for their use time
and for their construction time. The current challenge for
the construction industry in these nations is to achieve the
goal of producing "carbon neutral" buildings from 2020,
which means achieving a balance between the quantities of
carbon emitted and sequestered or stored. Brazil, although
it has not yet reached this level of actions, have concerned
about this problem and have taken some actions to
minimize their emissions.
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In 2008 Nemry et al. published an article under the
Joint  Research  Center (JRC) that presented
recommendations for new constructions. The article
emphasizing that significant environmental improvement
can only be achieved by replacing "conventional"
construction products (concrete, steel, bricks, etc.) by wood
products. Wood products usually causes less GHG
emissions by their production process than other materials
and can work as a complement to the forest after the wood
was harvested, storing the carbon during its useful life
(Hetsch 2008).

It should be noted that from 40 to 45% of the wood
mass is composed of carbon and since this element
represents only a fraction of the CO, molecule, therefore
each unit of carbon mass fixed in the wood represents the
non-emission of 3.67 mass units of CO, (Oliveira et al.
2011).

This work shows that some conventional constructions
material can be replaced by wood-based materials, which
are more environmentally friendly in the context of GHG
emissions. The wood products emit less GHG for their
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production, besides storing carbon in their structure,
minimizing the balance of emissions to the atmosphere.

The stored carbon neutralizes part of the CO, emissions
resulting from the construction of the works and in the
developed countries, following the recommendations of the
international standards I1SO 14025:2006, 1SO 14040:2006
and ISO 14.044:2006. The UN Intergovernmental Panel on
Climate Change (IPCC) allows for the accounting of
carbon stored in wood products of certified origin, but not
carbon of fossil origin, as recommended by ISO
14.044:2006.

The major building materials such as steel and Portland
cement emit large amounts of GHG for their production. It
is because of the consumption of fossil fuels and the
treatment of raw materials. For example, the Portland
cement manufacture is responsible for approximately 7%
of the world's CO; emissions. It occurs because of the
decarbonation of limestone and consumption of fossil fuels
(Mehta 2001).

The substitution of the usual materials, which are great
cause of emissions of GHG, by other wood-based materials
allows significant reductions in GHG emissions. It is
important to note that wood particles can be used in the
composition of mortars and concrete used in the
manufacture of various pre-cast construction products. The
proper use of these particles enables reductions in the
consumption of cement and aggregates, making the
products lighter and environmentally friendly from the
point of view of GHG emissions.

Within this context, two wood-based building materials
are being developed at the Federal University of Parana
(UFPR) in Brazil: a cementiceous block for walls and a
cement panel for closures. Both are characterized to have
in their composition wood particles replacing the
aggregates and minimizing the consumption of Portland
cement. As they contain significant amounts of wood in its
composition, the carbon stored neutralizes great part of
GHG emissions from its production. The wood particles
were immersed in a water lime suspension to prevent the
wood extractives liberation. These extractives change
negatively the important hydration reactions in the
cementiceous composition. The hardening of the lime also
captures CO; from the air collaborating with wood
particles in the function of carbon storage.

The objective of this work is to show two alternatives
of cementiceous building materials, a block and a closing
panel, which are more environmentally friendly from the
point of view of GHG emissions, which can replace
traditional materials that are widely used. The use of these
blocks and panels can become interesting alternatives to
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achieve the target of 2030 of to built "carbon neutral"
buildings.

1.1. THE CEMENTICEOUS MATERIALS WITH
WOOD PARTICLES

The first wood-based building material is a
cementiceous block with wood particles developed by
Villas Béas experimentally produced in UFPR (Villas Bbas
2016). The block contains Pinus spp particles with
dimensions between 4.75 mm and 2.36 mm sieve. The
block is hollow and has the external dimensions of
14x19x39 cm and it has adequate mechanical
characteristics for non-structural walls. Figure 1 shows the
block details.

Fig. 1: The cementiceous block with wood particles
(Villas Bbas,2016).

The materials used for the block production, in addition
to the wood particles, is Brazilian Portland cement type CP
I1-Z, lime (CV) and water. In the beginning of the
production, the wood particles are submitted for a pre-
treatment in a water lime suspension. This action removes
the possible inhibitory effects from the extractives of the
wood to the hardening reactions of Portland cement
(Parchen et al. 2015).

In the sequence the cement is added with water
(water/cement ratio 0.20) to the suspension of lime already
mixed with the wood particles. The mixture was mixed in a
horizontal mixer. The blocks were molded and compacted
in an automatic industrial hydraulic vibro-press, usable for
the production of concrete blocks.

The hardened density of the blocks has mass around
4.645 kg. The material consumption per block for its
production was: 2.264 kg of Portland cement; 1.184 kg of
Pinus spp particles; 0.2652 kg of lime and 1.372 kg of
water. The block has approximately 25.5% of its mass in
wood particles of Pinus spp.
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It is important to emphasize that the addition of wood
particles decreases the weight of the block and improves
their thermal insulation properties. Similar conventional
concrete blocks similar are traditionally used in civil
construction for erecting non-structural walls, are produced
with common aggregates of sand or crushed rock and has a
mass of approximately 10 kg.

The second material is a cementiceous closing panel
produced with a mixture of Portland cement, lime and
wood particles. The panel was developed and
experimentally produced in UFPR in a research project by
Parchen (2012). The panel has 25 mm of thickness and
adequate mechanical characteristics for use in internal
walls. The mass content of wood particles (Pinus spp) is
37%. Figure 2 shows the panel in a bending test.

Fig. 2: The cementiceous closing panel with wood
particles in a bending test (Parchen 2012).

The materials used in the panels were, the wood
particles, Brazilian Portland cement type CP 1I-Z, lime
(CV) and water. For the same reasons, the wood particles
are pre-treated with lime and water reaching a final
water/cement ratio of 0.33. The mixture was made in a
mixer. The molding and compacting of the panels were
done in a concrete vibrating table. The material
consumption per production of m2 of panel is: 8.750 kg of
Portland cement; 7.875 kg of Pinus spp. particles; 1.425 kg
of lime and 2.855 kg of water. The weight of this panel is
18.5 kg/™. Conventional cementiceous panels weigh varies
from 14 to 43 kg/m?, depending of their thickness and
density. The presence of the wood particles and the
increased thickness has the vantage to provide better
thermal insulation to the panel. Figure 3 shows the
cementiceous closing panel in a thermal insulation test.

The addition of the wood particles in the blocks and
panels provides improvements in characteristics such as
thermal insulation and weight, but due to the cost of
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implementing the production, its initial costs should be
20% greater than the traditional options.

Fig. 3: The cementiceous closing panel in a thermal
insulation test (Parchen, 2012).

1. MATERIAL AND METHODS

With the purpose of evaluating the environmental
performance, more specifically CO, emissions and carbon
storage of the cementiceous block and panel with wood
particles; it was carried a comparative analysis with some
similar products commercially produced. These products
have not produced industrially yet, because of that it was
not possible to develop a LCA, but it was feasible to
estimate the CO, emissions caused by their production.

The comparative analysis was done firstly by raising
the CO emissions by the production, the storage and the
capture of carbon by researched products. The emissions
were calculated through the sum of the emissions of raw
materials, the estimated emissions by the transport of these
to an industrial unit and the emissions by the process of
manufacturing. The intention was simulate a LCA for
considering the limits of "cradle-to-gate".

The calculation of the carbon stored in the mass of the
products was estimated based on the amount of wood and
the carbon content of the wood. In addition to the carbon
storage, the researched products contain lime in their
composition. The lime captures CO, from the air
(carbonation process) during its hardening process.

In order to set up the information base for the
comparisons of the products with other similar
industrialists, were raised the amounts of CO, emissions by
the production of several ones manufactured commercially
in Brazil and abroad. The information for the comparison
of emissions with Brazilian products was taken from LCA
or from industrial emission survey procedures. The
international industrial products were based on some
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European and North American industries publish the
Environmental Product Declaration (EPD). An EPD is a
document based on ISO 14025/2006 and ISO/TS
14067/2013.

2.1. THE EMISSIONS CAUSED BY THE RAW
MATERIALS OF THE PRODUCTS

The most important raw material for the production of
cement matrix blocks and panels in terms of CO2 emissions
is Portland cement.

To obtain the EF of Portland cement was considered a
LCA developed in Brazil for concrete blocks CBCS
(2014), in which the EF of Portland cement was based on
the average value for the production of one ton in five
years, 2008 to 2012, published by the WBCSD (2013). The
EF for CP 11-Z cement was estimated from 0.600 to 0.804
kgCO-e/kg, with an average of 0.702 kgCOze/kg. To the
estimatives of this article, the last value was used.

To obtain the EF of the lime, the production systems of
the local industries of this material were analyzed. The
lime is produced in kilns at temperatures of 700 to 1000°C.
Carbon dioxide emissions mainly occur in the extraction of
the carbon of the limestone and burning the fuel. The EF of
the lime depends on the temperature and the residence time
in the furnace. In order to estimate lime EF and emissions
by the mixture work, was used the conservative EF
estimated by Costa (2012), which is 1.184 kgCOy/kg. This
value was the EF used by the lime industries close to City
of Rio de Janeiro (similar conditions to the Region of
UFPR, Curitiba, Brazil).

For the production of the wood particles only the
emissions from the consumption of electric energy were
considered. It was considered that because the wood
particle industries uses thermal energy from the burning of
biomass of certified origin, residues of the industry itself,
as Hetsch (2008) recommends. The emissions from the
electric energy used in the process were based on Costa
(2012), with the EF for this step being considered at 0.0600
kgCOa/kg of particles.

The transport emissions of the raw materials from their
place of production to the production facility were
estimated, considering a distance of 50 km. Simulating
transport using semi-heavy trucks, using the Diesel
consumption factor of 0.196 L/t/km of Costa (2012), and
the EF of 3.3 kgCOJ/L of Diesel also used in CBCS
(2014), we reached an EF for transport each cement block
with 0.0150 kgCO./block.

For the production of the researched block, the
emissions by the mixture and the vibro-densification work,
was based on the emissions calculated for the LCA of
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concrete blocks CBCS (2014). With this information was
estimated EF in 0.030 kgCOax/block. For the production of
the panel, considering the mixture, the densification and
the molding, this work also based on the emissions
resulting from the electric energy calculated in Costa
(2012), estimated the EF for this step the value of 0.00006
kgCO2/kg. The table 1 shows the CO, emission factors of
raw materials used and energy sources.

Table 1 Emission factors and sources of the information.

Input Emission factor (EF) Source

Diesel 3.3 kgCO2eq/L C\:,\?;z g?jll ()2;8:;j
Elecricty 006 kgCOmqtawn (i @78 PHY
o 0702kgCOgkg  WSBD (2013)

Lime 1.18 kgCO2/kg Costa (2012)
p‘;‘r’t‘i’;‘; 0.06 kgCOy/kg Costa (2012)

2.2. THE CO2 UPTAKE IN THE WOOD AND IN
THE LIME

For the calculation of the carbon stored by the wood, is
necessary knows the mass quantity of the wood particles
and the carbon content for the species used were used. In
Oliveira et al. (2011), the carbon content (Tc) was found
for Pinus spp., with Tc being 0.41. The lime absorbs CO;
from the air during its hardening process, when the calcium
and magnesium hydroxides are converted into carbonates.

Equation (1) allows to estimate the total mass of CO;
that can be absorbed by the lime. The equation estimates
the masses of CO, that are absorbed by the hydroxides of
calcium and magnesium present.

C=CL.(Fcao-Mco2/Mcao+Fmgo-Mco2/MwmgO) kg/block (1)
At where:
CL = Consumption of lime;
Fcao = The CaO mass fraction in the lime;
Fmgo = The MgO mass fraction in the lime;
M = Molar weight of oxides
(Ca0=56, MgO=40 and CO2=44);
Therefore:
Mco2/Mcao = 44/56 € Mcoz/Mmgo = 44/40

The considered values for the CaO and MgO oxide masses
for lime were 63.9% and 30.8%, respectively
(Mattana,2013).
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The potential masses of CO, uptake by lime were
estimated considering 92% of the total potential, which is
the value generally used in LCA, as mentioned in Eleni et
al. (2014). For the lime the absorption or sequestration
potential was calculated based on the average values of the
percentages of oxides obtained by Mattana (2013) for lime
already hydrated, disregarding the masses of water present.

11, THE RESULTS CARBON EMISSIONS AND
UPTAKE

The next sub-items show the calculations of
emissions and carbon uptake for the cement block and
cementiceous panel with wood fibers.

3.1 THE CEMENT BLOCK WITH WOOD FIBERS

With the consumption of the materials and services, as
well as the EF selected, the calculation was carried out to
simulate the production emissions of the researched block.
The table 2 presents the raw material emissions and the
production steps; at the end it shows the EF per block
(14x19x39cm).

Table 2 Raw and production emissions per block.

be observed in these numbers that the carbon stored by the
wood particles represents approximately 90% of the total.

Table 3 CO, uptake and emissions per block.

CO, uptake and emissions kg.CO;
Total CO; emissions by raw and production 2.020
CO; uptake by wood particles
(25.5 % of total mass) 1,760
CO; uptake by lime 0.208
Balance (CO- emissions - CO; uptake) 0.031

Block Consume EF Emissions %
per block kgCO2/kg  kgCO:

CementCPIl1Z 2264kg 0.7021 1.5896  78.7
Lime 0.265kg  1.1840 0.3140 155
Pinus spp partic.  1.184kg  0.0600 0.0710 35

Water 1.372 kg - - -
Raw transport 1 unit 0.0150 0.0150 0.7
Product. Proces. 1 unit 0.0300 0.0300 15
Emission Factor per block (kgCO2):  2,0196 100

The CO; uptake or stored in the wood was obtained
using the Tc value of 0.41 and the consume 1.184 kg of
wood particles per block, was obtained the total carbon
stored of 0.485 kg of carbon per block. Therefore this
carbon storage represents the non-emission, or
neutralization of 1.780 kgCO- per block. It is important to
note that the storage period will be the life of the wall, this
means practically the same period of life of the building.

The CO; uptake by the lime was obtained using
equation (1), that allows to estimate the total mass of CO,
that can be absorbed by the lime. With the equation this
work estimates the masses of CO; that are absorbed by the
hydroxides of calcium and magnesium in 0.208 kgCO,.

The values of the emissions, uptake or storage and
carbon balance for the block are presented in table 3. It can
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For comparisons with some commercially produced
blocks, this work has raised production emissions and
carbon storage by some blocks of characteristics and
similar to the one studied in this work. For international
products the information has been withdrawn, EPD
published by manufacturers.

To allow comparison between blocks, in the table 4 are
presented some physical characteristics (weight, volume
and dimensions) and emissions per block (in CO;
equivalent or CO.e).

For comparison to block B, that is massive and in
Imperial measures system, its dimensions had to be
adjusted to the same ones of the Brazilian blocks. This was
possible because in its EPD the emissions are by weight, as
well as by blocks. The same was not possible for the
international blocs (B and C), which were slightly higher
than the others.

Observing the net emissions of the blocks, it is verified
that the UFPR block, due to its content of wood fibers,
emits very few carbon than the commercial ones.

Table 4 Carbon net emissions by various blocks

Block KgCOze emissions
Prod. | Weight Dim.
Blk. Kg wallm?
(kg) (cm)

Rch | 4.64 14-19-39 0.03 0.007 0.39
A 13.97 15-19-39 3.35 0.240 41.88
B 4.49 14-19-39 199 0442 24.83
C 10.43  15.2-20.3-40.6 | 1.61 0.154 18.17
D 12.00 14-19-39 281 0.234 3515
E 10.25 14-19-39 0.60 0.063 8.12

Legend:

Rch is the researched block.
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A) Czech Rep., a structural concrete block (KB-BLOK
2009);

B) Europe, a lightweight aerated concrete block (Ruuska
2013);

C) USA (California), a structural concrete block
(ANGELUS 2013);

D) Brazil, a non-structural concrete block (QUANTIS
2012);

E) Brazil, a structural concrete block (CBCS 2014).

3.2 THE CEMENTICEOUS PANEL WITH WOOD
FIBERS

To the panel (25 mm thick), with the consumption of
the materials and services, as well as the EF selected, the
calculation was carried out to simulate the production
emissions of the researched panel. The table 5 presents the
raw material emissions and the production steps, at the end
it shows the CO, emission factor per m? of panel.

Table 5 Raw and production emissions per m2 of panel (25

Table 6 CO, uptake and emissions per m? of panel.

CO; uptake and emissions per m? kg.CO>
Total CO, emissions by production 9.24
CO; uptake by wood particles
(37.7 % of total mass) 1184
CO2 uptake by lime 1.12
Balance (CO, emissions - CO; uptake) -3.71

For comparisons with some commercially produced
panels, this work has raised production emissions and
carbon storage by some panels of characteristics and
similar to the one of the UFPR research. For international
products the information has been withdrawn, EPD
published by manufacturers.

To allow comparison between the panels, in the table 7
are presented some physical characteristics (density and
thickness), their percentage of mass of cellulose or wood
fiber, emissions and carbon uptake per m? of panel (in CO>
equivalent or CO.e).

Table 7 Carbon emissions and uptake by various panels.

mm thick).
" Raw material Consum EFr Emissions %
perm?> kgCOi/kg kgCO./m?

CementCP Il Z 8,750 0.702 6.143 66.5
Lime 1,425 1.184 1,687 183
E;rr':i’;zzp 7875  0.060 0472 >t
Water 2,855 - - 0.0
Raw transport 1 unit 0.015 0.314 3.4
Product. process 1 unit 0.030 0.627 6.8

Emission factor per m? (kgCOy): 100

The CO; uptake or stored in the wood was obtained
using the Tc value of 0.41 and the consume 7.875 kg of
wood particles per m? of panel, was obtained the total
carbon stored of 3.23 kg of carbon per m? of panel.
Therefore this carbon storage represents the non-emission,
or neutralization of 11.84 kgCO; per m? of panel.

The CO; uptake by the lime was used the equation (1)
to estimates the masses of CO; that are absorbed by the
hydroxides of calcium and magnesium was calculated an
uptake of 1.118 kgCO, per m? of panel.

The values of the emissions, uptake or storage and
carbon balance for the panel are presented in table 6. It can
be observed in these numbers that the carbon stored by the
wood particles represents approximately 91% of the total.
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Panel Emissions
] Product Uptake Net
Pro Thic Cellulos
duct K (kgCOze  (kgCO  (kgC
2
(mm) (ka/m* \yood % / 2/ Oafm
) m2) m2) )
0.74—
Rch 25 0.65 37.7 9.24 1295 -3.71
E 24 =1.65- 23.0 35.81 17.84 1797
180 . . . .
F 16 1.39 8.0 12.61 288 9.73
G 8 1.58 0 8.08 - 8.08
H 125 115 0 5.13 - 5.13

| 10 =170 10.0 12.31 2.00 10.30

Legend:
Rch is the researched panel.

E) Germany, a panel produced with cement and wood
fibers (Bossenmayer, 2008);

F) Malaysia, a panel produced of fibrocement with
cellulose (Bossenmayer, 2014);

G) Belgium, a panel produced with cement and expanded
shale (Bossenmayer, 2013a);

H) Germany, a panel of fibrocement

(Bossenmayer, 2013b);

produced
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I) Denmark, a panel produced of fibrocement with
cellulose (Bossenmayer, 2012).

Observing the net emissions of the panels, it is verified that
the UFPR panel, due to its high content of wood, absorbs
more carbon than it emits, with a favorable balance. All
other panels emit more than they absorb.

V. CONCLUSIONS

This study proved that the use of wood particles in
some cementiceous materials, like blocks and panels is
very interesting for future constructions, with great
potential to allow the construction industry to approach the
goal of building "carbon neutral”. The addition of wood
particles to the cementiceous products reduces their net
GHG emissions. The work also demonstrates the potential
of products with wood to neutralize part of the CO;
emissions of the construction industry due to the property
that the wood uptake carbon in its structure. It is also
interesting to note that mixing wood particles in
cementiceous materials; it is possible to produce other
products that can replace traditional materials collaborating
a lot in the reduction of CO- emissions by the construction
works.
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Abstract— The central proposal of this paper is to to study the entrepreneurial intention of undergraduate
students, both beginners and those in the process of completing, at a Municipal Public University in the
State of S8o Paulo - Brazil. Therefore, the research method used a quantitative approach, using a closed
questionnaire with a Likert scale, developed by Lifian and Chen (2009) called the Entrepreneurial
Intention Questionnaire. The data analysis was divided into 2 stages: the reliability analysis by Cronbach's
a and the exploratory factor analysis. As a result of the research, it was found that the entrepreneurial
career is perceived as favorable by the students of management, economics, and accounting sciences from
different periods, being more attractive than formal work. However, pursuing an entrepreneurial career is
not necessarily a positive alternative in the opinion of those around the survey respondents to the point of
being encouraged by families, friends, and colleagues. Finally, students consider that their knowledge
about the mechanisms to support entrepreneurial practice is limited within the analyzed institution.

Keywords— Entrepreneurial, Entrepreneurial Intention, Undergraduate Students, Entrepreneurial

Intention Questionnaire.

I.  INTRODUCTION

Economic development and job creation are directly
related to the intensity of entrepreneurial activity in a
country or region. Dornelas (2005) points out that the
existence of support and incentives for new ventures is a
way to increase economic growth and reduce the
unemployment rate. Entrepreneurial activity, in turn, is
recognized as an attractive option, though arduous. Finally,
it is the driving force of the capitalist economy
(Schumpeter, 1997).

Entrepreneurship can mean economic, personal, and
social transformations (Camozzato et al., 2018). Given this
transformation, an appropriate place for verifying the latent
desire to undertake are universities, especially those
focused on management such as: accounting, and
economic sciences.

With the growing need to change concepts and
methodologies in teaching, and the preparation of
professionals for the future, rapid changes in societies have
been discussed in academia. There is evidence that most
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universities in Brazil do not prepare their students to be
entrepreneurs (Moraes et al., 2016).

In this perspective, the ideal would be a harmony
between professors and universities, preparing students,
both in theory and in practice, so that they can create
companies that develop new products and services, and
come to contribute to the growth of the economy. In this
way, each university has the responsibility to sow the
entrepreneurial culture, and to develop skills that lead
students to compete for space in a very competitive market,
leaving them to develop the profile of these new
professionals.

In order to disseminate the entrepreneurial culture,
studies and discussions on entrepreneurial intention have
gained greater relevance in the academic sphere since the
last decades of the 20th century, such as, among others, the
works of Shapero and Sokol (1982), Bird (1988, 1992),
Krueger (1993), Lee and Wong (2004), Lifan (2004),
Kristiansen and Indarti (2004), Carvalho and Gonzélez
(2006), Lifian and Chen (2009), Teixeira and Davey
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(2010), Lima et al. (2011), Nabi et al. (2018) and Hueso et
al. (2020).

In view of the above, this paper aims to analyze the
entrepreneurial intention of undergraduate students in the
management, economics, and accounting sciences courses
of a Municipal Public University of the State of So Paulo,
Brazil. Therefore, the entrepreneurial intention
questionnaire (EIQ) developed by Lifian and Chen (2009)
was used, which will be explained below.

II. ENTREPRENEURIAL INTENTION AND THE
ENTREPRENEURIAL INTENTION
QUESTIONNAIRE FROM THE PERSPECTIVE
OF LINAN AND CHEN

In the perception of Filion (1991), an entrepreneur is an
individual who imagines, develops and realizes visions,
that is, the vision is an image projected in the future, from
the place that the entrepreneur aspires for the solidity of his
product and / or service in the environment market, that is,
vision refers to where and how the entrepreneur wants to
conduct his enterprise.

Complementing Filion (1991), Lifian and Chen (2009)
argue that before deciding to be or not an entrepreneur, it is
necessary to analyze the entrepreneurial intention involved
in the process of creating a company. Bird (1988) explains
that entrepreneurial intention can be seen as a state of mind
in which the person’s attention is directed to a certain
situation, with a view to achieving a certain goal.

Carvalho and Gonzélez (2006) considers that the idea
of creating a new company is preceded by the intention,
which, in turn, can be planned for a certain period of time,
however, in some cases the intention is formed in the
moment before if the idea materializes, and in other cases,
the intention never coincides with the realization of the
behavior. Thereby, Davidsson (1995) shows that the
analysis of entrepreneurial intention can help to predict,
albeit imperfectly, a certain behavior of an individual in
relation to creating his own company.

In view of the above, Shapero and Sokol (1982), Ajzen
(1991) and Carvalho (2004) contributed theoretically with
theoretical models that dealt with the entrepreneurial
intention of individuals in the process of creating a
company.

The model developed by Shapero and Sokol (1982)
consists of three fundamental theoretical constructors
which determine the entrepreneurial intention. They are
perception of desirability, erection of viability and
propensity to act. The perceived desirability construct
refers to the individual's interest in starting a certain
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business, whereas the perception of viability is the level of
perception that the agent believes is capable of starting a
business and the propensity to act would be the impulse by
which it would generate the act of undertaking.

Carvalho (2004), on the other hand, proposes the
analysis of an entrepreneurial intention taking into
consideration a future choice. The model proposed by him
was developed based on studies of entrepreneurial skills,
personal history of entrepreneurs and entrepreneurial
intentions.

Ajzen's (1991) contribution to the area of knowledge of
entrepreneurial intention was with the model of Theory of
Planned Behavior (TPB), which is the basis of the
entrepreneurial intention questionnaire developed by Lifian
and Chen (2009). This questionnaire will be explained
below.

This theory has the purpose of being able to explain the
human behavior before the act of undertaking. TPB
predicts that behavior and the intention to act result from
three elementary attitudes, namely: personal attitude, the
subjective norm, and the perceived behavioral control
(Ajzen, 1991).

The author argues that personal attitudes refer to the
attitude towards a behavior, and that it corresponds to a
favorable or unfavorable analysis that the individual does
of the behavior. On the other hand, the case of the
subjective norm deals with the influence of the social
environment on the individual's behavior, that is, it
represents the “social pressure” to adopt a certain behavior.
And the perceived behavioral control, refers to the
individual's perception of his ease or difficulty in
performing a certain task, conditioning his intention.

Based on Ajzen's TPB model (1991), Lifian and Chen
(2009) developed the entrepreneurial intention
questionnaire (EIQ) which aims to test the entrepreneurial
intention model, measuring that intention and the variables
that influence it. Figure 1 shows these variables and their
relationships.

Human capital
and other
demographic
variables
— + Hersonal Attitnde e —
o -~
.
P
A z ntrepreneurial
D| Subjective Norm |— _'_'_"[I Intention /)
/ e —
Ny : - S
| Perceived Behavioral |~
Control

Fig.1: Entrepreneurial Intention Model
Source: Lifian e Chen (2009, p. 597)
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The variables that determine entrepreneurial intention
can be described, as follows:

e Personal Attitude (PA): refers to the positive or
negative impression that the individual has about
being an entrepreneur.

e Subjective Norm (SN): refers to social pressure
exercised about the individual to become or not an
entrepreneur, coming from the social circle in
which he lives.

e Perceived Behavioral Control (PBC): refers to
the individual's perception of the ease or difficulty
of becoming an entrepreneur and his ability to
undertake.

Lifian and Chen (2009) explain that in addition to these
variables, the entrepreneurial intention model also
highlights the human capital, which are the individual
skills, capabilities, and dexterity that individuals have and
develop for the purpose of professional and personal
growth; and other demographic variables that indirectly
influence the formation of entrepreneurial intention, such
as the individual's experience and education.

Based on the model presented in Figure 1, Lifian and
Chen (2009) developed the EIQ which is formed by five
sections. The first to fourth sections are directly related to
the elements of the entrepreneurial intention model
(personal attitude, subjective norm, perceived behavioral
control and entrepreneurial intention) and which are
assessed using the Likert scale (1-7).

The fifth section requires information on human capital
and other variables such as: age, gender, undergraduate
course, and monthly income. The authors show that these
variables do not directly influence intention but are useful
to identify the effect of these factors on those who directly
affect it.

1. METHODOLOGICAL PROCEDURES

This research is configured as being of quantitative
character, the results of the research can be understood
based on the analysis of raw data collected with the aid of
standardized and neutral instruments. The research also
used mathematical language to describe the causes of a
phenomenon and the relationships between variables.

As for the objective, this research is descriptive, as it
describes the entrepreneurial intention of undergraduate
students, both beginners and those in the process of
completing, at a Municipal Public University of the State
of S&o Paulo, during the first semester of 2020.
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Based on the data provided by the secretary of the
Department of Management and Business of the University
studied, currently the undergraduate course in economics,
accounting and management has a universe of 1050
students enrolled in the four years of the course.

The sample of this paper was probabilistic and finite,
that is, considering a sampling error of 5% and a
confidence level of 99%, we had a sample of 407 students.
This number was obtained by the following equation,
suggested by Santos (2015):

B N.Z%p.(1=p)
T Zp.(1=-p)+er(N-1)
Where:

n - calculated sample.

n

N — population.

Z - standardized normal variable associated with the
confidence level.

p - true probability of the event.
e - sampling error.

It is important to highlight that of the 407 research
participants, 55.53% were female and 44.47% were male,
with 64.86% undergraduate from the management course,
22.36% of the accounting sciences course and 12.78% of
economics sciences. Another important fact is the age of
the respondents. For the research sample, 82.80% are
between 19 and 25 years old and 17.20% are over 26 years
old.

The primary research data were obtained by applying a
closed questionnaire with a Likert scale, developed by
Lifian and Chen (2009) called the Entrepreneurial Intention
Questionnaire, as explained in the previous section.

The data obtained from the questionnaire responses
were tabulated on the Microsoft Excel spreadsheet and the
data analysis was divided into 2 stages: the reliability
analysis by Cronbach's a and the KMO using the SPSS
software - version 22 and the exploratory factor analysis
using the SmartPLS 3.3.2 software. This data analysis
wants to test 5 basic hypotheses, as shown in Table 1.

Table.1: Hypotheses

Hypotheses Description
Personal attitude positively
H1 influences entrepreneurial PA—EI
intention
Perceived behavioral control
H2 positively influences PBC—EI
entrepreneurial intention
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Subjective norm positively
H3 influences entrepreneurial
intention

SN—EI

Subjective norm positively

H4 . ;
influences personal attitude

SN—PA

Subjective norm positively
H5 influences perceived
behavioral control

SN—PBC

Source: Lifian and Chen (2009, p. 599)

IV. RESULTS

The entrepreneurial intention model, developed by
Liflan and Chen (2009), is formed by independent
variables. Given this characteristic, it was decided to use
exploratory factor analysis. According to Hair et al. (2009),
factor analysis in the main purpose of defining the inherent
structure between the variables in the analysis.

However, before measuring the model variables by
factor analysis, it is important to analyze the level of
reliability of the sample to evaluate the consistency and
stability of the measures attributed to the different
variables. For this, this article used Cronbach's alpha to
measure the level of reliability that is shown in Table 2.

Table.2: Cronbach’s Alpha

Variables Cronbach's alpha
Personal Attitude 0,893
Subjective Norm 0,708
Perceived Behavioral Control 0,902
Entrepreneurial Intention 0,948

When evaluating the reliability of the results obtained
in the research, it was found that the indexes attributed to
each variable in the model ranged between 0.708 and 0.948
(Table 2). Given this variation, it can be said that,
theoretically, the scales can be considered reliable.
According to Hair et al. (2009), the lower limit for a scale
to be considered reliable is 0.7.

After analysis by Cronbach's alpha, it was analyzed the
data obtained were suitable for the application of the factor
analysis. Therefore, use the Kaiser-Meyer-Olkin (KMO)
test which indicates the degree of susceptibility or the
adjustment of the data for the factor analysis, that is, what
is the level of confidence you can expect from the data
when it is being treated by the multivariate method of
factor analysis is successfully employed (Hair et al., 2009).

For interpretation of the obtained result, values close to
1.0 indicate that the factor analysis method is perfectly
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adequate for the treatment of the data. On the other hand,
values less than 0.5, indicate the inadequacy of the method
(Hair et al., 2009). Table 3 presents the results obtained by
the KMO test.

Table.3: KMO Test

Variables KMO
Personal Attitude 0,872
Subjective Norm 0,611
Perceived Behavioral Control 0,882
Entrepreneurial Intention 0,912

When analyzing Table 3, it was found that the KMO
varied between 0.611 and 0.912, showing that the values
obtained in this test are adequate for the factor analysis,
that is, the factor analysis is adequate for the proposed data
treatment.

After the KMO analysis, the factor correlation matrix
for the first hypothesis (Personal Attitude positively
influences entrepreneurial intention) was analyzed, as
shown in Table 4.

Table.4: Factorial Correlation Matrix for the Personal
Attitude and Entrepreneurial Intention Variables

PAl1 | 0,406 | 0,403 | 0,426 | 0,387 | 0,369 | 0,400
PA2 | 0,604 | 0,709 | 0,681 | 0,701 | 0,690 | 0,728
PA3 | 0,502 | 0,563 | 0,624 | 0,677 | 0,654 | 0,707
PA4 | 0,591 | 0,654 | 0,668 | 0,672 | 0,636 | 0,681
PA5 | 0,635 | 0,735 | 0,695 | 0,697 | 0,702 | 0,717

When analyzing Table 4, it was noted that the personal
attitude of undergraduate students in the Management,
Accounting and Economic Sciences courses positively and
moderately high influences entrepreneurial intention.

The correlations highlighted in green represent a high
correlation with each other, that is, they present a clear
association between the elements studied. Thus, it can be
said that for respondents, the career as an entrepreneur is
attractive to them and they, if they had the opportunity and
resources, would create a company.

Table 5 presents the factor correlation matrix for the
second hypothesis (perceived behavioral control positively
influences entrepreneurial intention). The results obtained
showed that the perceived behavioral control positively but
moderately influences the entrepreneurial intention of the
students participating in the research.
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Table.5: Factorial Correlation Matrix for the Perceived
Behavioral Control and Entrepreneurial Intention
Variables

PBC1 | 0,335 | 0,589 | 0,405 | 0,377 | 0,412 | 0,499
PBC2 | 0,322 | 0,525 | 0,371 | 0,318 | 0,319 | 0,490
PBC3 | 0,244 | 0,515 | 0,345 | 0,292 | 0,293 | 0,418
PBC4 | 0,268 | 0,481 | 0,374 | 0,289 | 0,294 | 0,412
PBC5 | 0,306 | 0,515 | 0,368 | 0,310 | 0,313 | 0,428
PBC6 | 0,297 | 0,487 | 0,394 | 0,279 | 0,291 | 0,426

Table.7: Factorial Correlation Matrix for the Subjective
Norm and Personal Attitude Variables

PA1 PA2 PA3 PA4 PA5
SN1 | 0,193 | 0,161 | 0,220 | 0,218 | 0,212
SN2 | 0,209 | 0,154 | 0,188 | 0,176 | 0,133
SN3 | 0,086 | 0,041 | 0,011 | 0,018 | 0,074

Table.8: Factorial Correlation Matrix for the Subjective
Norm and Perceived Behavioral Control Variables

PBC1 PBC2 PBC3 PBC4 PBC5 PBC6

The correlations highlighted in orange represent a low
correlation with each other, that is, they present a lack of
association between the studied elements. In this way, it
can be said that undergraduate students in the
Management, Accounting and Economic Sciences courses
do not consider themselves prepared to start a company, as
they do not know the practical details necessary to create a
company.

Table 6 presents the factor correlation matrix for the
third hypothesis (subjective norm positively influences
entrepreneurial intention). The results obtained showed that
the subjective norm positively but weakly influences the
entrepreneurial intention of the students studied.

Table.6: Factorial Correlation Matrix for the Subjective
Norm and Entrepreneurial Intention Variables

/] o

SN1 | 0,132 | 0,169 | 0,086 | 0,125 | 0,106 | 0,131

SN1 | 0,195 | 0,114 | 0,150 | 0,120 | 0,075 | 0,136

SN2 | 0,084 | 0,062 | 0,023 | 0,038 | 0,098 | 0,035

SN3 | 0,108 | 0,038 | 0,033 | 0,081 | 0,142 | 0,043

SN2 | 0,800 | 0,700 | 0,103 | 0,500 | 0,006 | 0,052

SN3 | 0,050 | 0,034 | -0,049 | -0,060 | -0,031 | -0,057

The correlations highlighted in red represent a negative
correlation with each other, that is, they present a lack of
association between the studied elements. In this way, it
can be said that colleagues do not influence the decision-
making process of being an entrepreneur. The green
correlations, which have a high correlation with each other,
show that friends strongly influence the decision to create a
company.

Tables 7 and 8 show the factorial correlation matrix for
the fourth and fifth hypotheses (subjective norm positively
influences personal attitude and subjective norm positively
influences perceived behavior).
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When analyzing Tables 7 and 8, it was found that the
subjective norm positively but weakly influences the
personal attitude and perceived behavioral control of the
students who participated in the research. Thus, it can be
said that there is no social pressure exerted on individuals
to become or not an entrepreneur, coming from the social
circle in which they live.

V. CONCLUSION

The current Brazilian economic scenario that promotes
a climate of uncertainty in youth employment demonstrates
the need to create alternatives for the future, being clear
that self-employment and, specifically, the creation of
companies, can work, no doubt, as one of the solutions to
this problem.

Hecke (2011) corroborates this statement saying that
endeavor can mean great job opportunities for students
who complete an undergraduate course, especially in
Administration, Accounting and Economic Sciences.
Another important fact is that when creating a new
company, it can mean leverage in the growth process of the
region where these future entrepreneurs operate.

Based on this observation, this paper aimed to analyze
the entrepreneurial intention of undergraduate students in
the management, economics, and accounting sciences
courses at a Municipal Public University of the State of
Séo Paulo - Brazil.

Based on the entrepreneurial intention questionnaire
(QIE) developed by Lifian and Chen (2009), it can be
concluded that the entrepreneurial career is perceived as
favorable by the students of management, economics and
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accounting sciences from different periods, being seen as
more attractive than formal work.

However, pursuing an entrepreneurial career is not
necessarily a positive alternative in the opinion of those
around the survey respondents to the point of being
encouraged by families, friends, and colleagues. Finally,
students consider that their knowledge about the
mechanisms to support entrepreneurial practice is limited
within the analyzed institution.

In order to improve knowledge about entrepreneurial
practice, it is recommended that the municipal public
university located in the state of Sdo Paulo restructure the
curriculum of the Management, Economic and Accounting
Sciences courses, inserting subjects that contemplate the
development of students' entrepreneurial intention.

Given the importance of university education in the
development of entrepreneurial skills and competences, it
is believed that the present study achieved its objective
with consistent results. By observing the behavior of the
municipal public university, students throughout the
undergraduate course in Management, Economic and
Accounting Sciences, it is expected to contribute to the
progress of the courses in order to stimulate and promote
entrepreneurship not only as a career option, but also as a
field of study.

As suggestions for future studies, we point out the
adoption of a longitudinal cut with monitoring of
individuals for multiple measures corresponding to their
evolution in the courses. It is also suggested to replicate
this study with other degrees from the same university such
as medicine, psychology, law, engineering, and others.
Finally, it is suggested to expand this study in a
comparative way with students from other universities
located in the State of Sdo Paulo.
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Abstract—This research aimed to verify the applicability of Augmented Reality (AR) associated with
gamification in the discipline of Basic Informatics Laboratory at the University Center - CESMAC, to
facilitate the teaching and learning process in higher education. Checking the impression and reaction of

participants to this teaching methodology.
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l. INTRODUCTION

The current generation is marked by the usual use of
technologies in all areas, whether in the professional,
educational, communication and daily fields. This digital
age gives a new vision when it comes to using technology
as a way to improve existing systems and the resources
already used.

The idea of the research arose in view of the need, in
addition to generating scientific and current content on the
subject, to promote the introduction of these technologies
in the teaching-learning process in order to maintain the
motivation of students with the innovation of the process.
The relevance of the study is based on the innovation of the
use of technological devices in the educational area with a
focus on the motivation of students, promoting theoretical
and practical content in the educational area, which even in
the face of technological advances produces little
theoretical content on the subject.

Considering education as the basic foundation of human
development, a curriculum capable of promoting
professional training in line with the demands of the
current market, which is increasingly demanding and
complex, should be promoted. Currently, it is observed that
the educational scenario maintains the reproductive
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practice of content, cast and without the right to promote
an effective formation. In view of the fact, the question
arises: Does the use of augmented reality associated with
gamification influence the motivation of students being
able to facilitate the teaching-learning process?

The main objective of this study was to apply the
augmented reality associated with gamification, by
involving students of the higher level of digital generation
in the acquisition of learning, in the discipline of basic
computer laboratory at Cesmac University Center, as well
as comparing the students' performance in front of an
exhibition class in the traditional methodology and an
interactive class using technologies, presenting the
applications of augmented reality and gamification aimed
at motivating students from the digital generation to
learning and verifying, in practice, the effectiveness of the
use of Augmented Reality associated with gamification in
the discipline of Basic Informatics Laboratory, and had as
object the verification of the effectiveness of the
application of augmented reality associated with
gamification in the performance of students.

In order to confirm whether it is possible to positively
influence the motivation of students with the use of
technological resources such as augmented reality and
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gamification and whether there is the possibility of
comparatively measuring this motivation through practical
tests.

1. THEORETICAL FOUNDATION

Education has its legal bases in the Brazilian Federal
Constitution, which determines the general rules to be
adopted in the educational treatment. Focusing on it, as the
responsibility of all social entities, making each one act in
the sphere of his competence in a complementary way to
the others.

Always aiming to combat inequalities and cushion their
impacts, where everyone can have access to quality
education, the Ministry of Education (MEC) comes with
the responsibility of regulating and supervising educational
institutions from early childhood education to higher
education, including teaching to people with special needs,
as well as in the distance modality, and in any age group.

Based on the current context, where globalization prevails
and the whole becomes a cornerstone in what pertine to the
educational process. Compliance with the reassessment of
teaching in higher education is multifaceted and
increasingly demanding and crowded. Therefore, the
teacher must transmit the contents in order to attract
students, making them more practical, always aiming to
achieve them in their entirety. They should also have
approaches that promote the training of professionals able
to fully carry out their activities in the chosen areas of
activity.

Almeida points out that current students are already born in
constant contact with technological resources, and it is
easier to manipulate them, including those from the less
favored classes. It is up to teachers along with the
educational environment to adapt to this reality and use the
technological ~ perspective.  When  selecting  the
technological resource to be applied, the educator must pay
care for the entire context in which it will be used. Some of
these mechanisms are Augmented Reality (AR),
applications, and games, which can also be employed in a
variety of ways depending on the purpose.

The games are gaining more and more space in the
educational area by promoting a dynamic and interactive
form of learning, establishing a satisfactory motivational
scale. Knowing this, the use of gamification is presented as
an appropriate tool and capable of motivating students, by
using the game to facilitate and stimulate learning and
develop the skills necessary for the training of the student,
both as a professional and as a citizen.
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Thus, these mechanisms, as long as applied in line with the
objectives of the pedagogical project, enable a playful and
effective learning, given that students are challenged to
compete using their knowledge about the studied subject
and, thus, are motivated to interact and learn the contents.
Therefore, the use of technology in education is
undoubtedly beneficial and effective in building creative
and innovative knowledge. The study tried to ensure all the
ethical standards required and, according to Prodanov and
Freitas, sought to execute all phases of the study in a
morally correct manner.

. METHODOLOGY
Regarding the objectives, the research was classified as
exploratory, because it intends to  generate

conceptualization and more information about the theme.
Its profile led to the selection of bibliographic research as
the main technical procedure, associated with the
application of tests and questionnaires to survey the results
obtained.

The study was carried out in the Networking laboratory,
located on Campus | of the CESMAC university center,
where students of the Information Systems course were
invited to participate in the research, duly enrolled,
between the 1st period and the 8th period, in the period
from November 22 to November 26, 2018, according to the
following schedule: on November 22/23, the formal
invitation was made to the students, day 24, the class was
given under the traditional method and application of the
questionnaires, on the 25th the technological class and
application of the questionnaires was made and the 26th,
the data were performed.

During the application of the study, the researcher was
observed, empirically, empirically, a greater interest and
motivation on the part of the students during the execution
of the technological class. At the time it was observed that
during the use of the kahoot tool, during the class with the
use of technological resources, the students assumed a
posture of interaction and participation, making it more
dynamic and interactive.

(AVA RESULTS AND DISCUSSIONS

The resources employed and the methodology selected
were aimed at confirming the following hypotheses:
whether it is possible to confirm and positively influence
the motivation of students with the use of technological
resources such as augmented reality and gamification, and
whether there is a possibility to measure this motivation
comparatively through practical tests.
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The relevance and justification of this study are based on
the innovation of the use of technological devices in the
educational area focused on the motivation of students,
promoting theoretical and practical content in the
educational area, which even in the face of technological
advances produces little theoretical content on the subject.

The first analysis corresponds to the survey and
compilation of quantitative data, which according to
Peixoto and Cordoba, focuses on logical, palpable and
measurable reasoning of the results obtained. It was
observed through these, that the students presented similar
results regarding the performance about subjective
(traditional) or objective (technological) questions,
pertinent to traditional and technological methods.

Qualitative analysis represents a more complex view of the
study, where the complex and inductive side of the study is
analyzed. Starting the phase, students were asked to answer
an online questionnaire made available in Google Forms.
Through the results obtained through it, it was concluded
that the technological method promoted greater acceptance
and motivation about the content selected to serve as the
theme of the class, given, enabling an innovative and
interesting resource in the transmission of the content.

V. CONCLUSION

It is concluded that digital technology is a great ally of
learning and, it is increasingly accessible and if well
managed it is able to enhance learning. This practice
inserts novelty in the educational environment and breaks
with traditional standards, which promotes a relaxed and
effective environment in the production of knowledge,
because, as a result of the qualitative question number 8
(eight), of the students who attended the class with the use
of technological resources 85.7%, stated that they felt safer
and able to respond to qualitative exercise, while only
46.2% of the students who attended the traditional class.
This points to the precariousness of the conventional
teaching model, requiring the insertion of innovation and
motivation in the process.

Considering that the present study was conducted as
research and the application time was short, and the contact
of students with technological resources was reduced, and
even so it was effective and motivating, their definitive and
usual insertion in the teaching-learning process in
accordance with the pedagogical culture of the educational
institution is an efficient means of improving the students'
performance.

The results demonstrate the confirmation of the proposed
objectives, as well as ratify the hypotheses raised, given
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that it was possible to confirm that it is possible to
positively influence the motivation of students with the use
of technological resources such as augmented reality and
gamification and whether there is possibility of measuring
this motivation through practical tests.

The relevance of the study is the contribution of research to
the academic environment, because it generated current
scientific content on the subject, also contributes to an
effective education focused on effective and modern
professionalization. In view, the difficulties faced when
researching current content and practical studies aimed at
the production of scientific content aimed at innovative and
quality education, as observed that there is still a lot of
resistance, both from the educational institution and
teachers in inserting technological resources in the
educational area.

In a sense, considering the general analysis of the data, that
is, qualitative and quantitative, there is a high rate of
acceptance by students of the technological method,
considered innovative and motivating, facilitating learning
and providing a skilled pedagogical resource for the
promotion of effective and practical knowledge.
Evidencing the methodology as an instrument of great
utility in the area of education, where its applicability
combined with a good elaboration of pedagogical project is
able to introduce a dynamic and effective educational
environment.
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Abstract— An elevated quantity of pathogenic microorganisms can be an indicator of poor air quality,
putting patient’s health in hospitals at risk. The sanitation of the refrigeration systems must be carried out
efficiently and with the right products, capable of maintaining reduced levels of hospital infection. In this
work, the aim was to analyze the fungal density in the air of a private hospital, located in Jodo Pessoa-PB,
Brazil. The effectiveness of the disinfectant used to clean air conditioning systems in these environments
was also verified. In an in vitro experiment with Thilex® disinfectant against common microorganisms in
the hospital environment, the antimicrobial activity, concentration and time of action were evaluated. For
the analysis of the air in refrigerated places in the hospital, a bio-aerosol impactor was used to quantify
the pathogens. The antimicrobial test indicated that Thilex® was effective against Klebsiella sp.,
Escherichia coli and Candida albicans, while Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus
sp. and Aspergillus sp. presented resistance at the concentration of 2%, being controlled up to 20% of the
product in distilled water and exposure time above 1 minute. The hospital's air samples indicated that 12
of the 23 rooms had a fungal density above the acceptable limit according to the current national
regulatory standard, with a higher prevalence in obstetrics rooms. The most common genera were
Aspergillus sp., Penicillium sp. and Monilia sp. These results indicate urgency in the development of more

effective public policies in reducing the risk to patients exposed to low air quality in hospitals.

Keywords— Aeromicrobiology, Air conditioning, Anemophiles, Microbial control, Penicillium sp.

I.  INTRODUCTION

Since the twentieth century, industries, homes,
and hospitals have adopted the use of air conditioners to
maintain indoor environments at a comfortable temperature
(Afonso 2004). In urban centers, people spend about 90%
of their time in environments acclimated by air cooling
systems (Horve et al., 2019). It is expected that, with the
increase in heatwaves around the world, the demand for the
use of air conditioning systems in the long term may
increase even more (Zuo et al. 2015).

These systems provide an ideal environment for
the growth of potentially pathogenic microorganisms, such
as fungi and bacteria, due to the high humidity rates and
the accumulation of impurity in the devices (Hatayama et
al. 2018). However, the diversity of bacteria and fungi
residing in air conditioning filters and their possible health
risks associated with hospitalized patients is not completely
known (Acerbi et al. 2017).

The split system devices are the most used in
healthcare centers in Brazil, due to their low cost,
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durability, and easy maintenance (Marangoni et al. 2015).
However, when the constant cleaning of the filters used in
the equipment is hindering the growth of microbial
bacteria. As these systems operate at high internal pressure,
bacteria and fungi can be sprayed in the air and, therefore,
they must consider the appropriate use of cleaning
techniques and the replacement of these devices when
necessary (Khare 2014).

Fungal infections occupy third place as the main
cause of hospital infections and can have clinical
manifestations that cause skin processes limited to
generalized  systemic infections (Blatzer  2017).
Anemophilic fungi are microorganisms found dispersed in
atmospheric air that can trigger allergic processes and
cross-infections  in  immunocompromised  patients,
constituting the main contaminants in indoor air-
conditioned environments (Calumby et al. 2019).

Immunocompromised patients belong to a group
that may include people with hematological neoplasms,
who have undergone transplants, with congenital
immunodeficiencies  and with  the use of
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immunosuppressive drug therapy (Martinez-Herrera et al.,
2016).

It is a great interest in public health to minimize
the risk of healthcare-associated infections (HAISs),
especially in operating rooms. It is recommended that the
microbial air reservoir be quantified through the analysis of
samples, for which possible preventive measures, the
quality of life of internalized patients is improved.

Anemophilic fungi and most pathogenic
bioaerosols can disperse over great distances through the
air and remain viable, increasing the possibility of infection
even without contact with a source. Administrative Rules
of the hospital protect vulnerable patients, maintaining
strict airflow systems and isolating patients with infectious
diseases transmitted by air in rooms that use HEPA filters
in the piping. Despite these controls, the HAIs reaches an
estimated 4.5 million deaths in Europe annually, leading to
37,000 deaths and adding 16 million additional days to
hospitalized patients (Zingg et al. 2015). In Brazil, it is
estimated that hospital infection rates reach 14% of
hospitalized patients (ISC-UFBA, 2019).

The number of infections in surgical centers has
increased in recent years, constituting a major health
problem in Brazil, especially in Intensive Care Units
(ICUs). These infections increase the length of hospital
stay for patients and, consequently, increase the cost of
hospital supplies, in addition to preventing bed rotation.
Microbial resistance to antibiotics is one of the main causes
of this and it can be intensified by poor air quality (Moura
et al. 2018).

The control of internal microbial communities
usually involves the removal of microbial biomass through
physical and chemical agents. New infection prevention
standards have been integrated into architectural designs
and clinical procedures in healthcare facilities (Services
2004). Mechanical filtration, disinfection of cavities and
walls of buildings, pressurization of rooms, and laminar
flow have been implemented to control the spread of
pathogens, but few studies confirm that they decrease HAIls
taxes (Tang 2009). This can be caused by inefficiency in
control methods. Common surface cleaning techniques do
not remove all microbial biomass from surfaces where,
after just a few days, microbial communities are found
even in cleanrooms or sterile reagents (Kwan et al. 2018).
In addition, the use of cleaning materials contaminated by
bacteria can be a source of contamination unable to remove
them (Dharan et al. 1999). The use of powerful
antimicrobial cleaning solutions can often contribute to a
decline in adherence to hospital staff cleaning protocols
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over time, leading to the persistence of microorganisms in
public environments (Boyce et al. 2014).

Two hypotheses were used in this essay. The first
is that the disinfectant used to disinfect air conditioners in
the hospital environment is not efficient for controlling
common microorganisms. The second, that the quantity of
these pathogenic microorganisms may present a health risk
for  immunocompromised  patients in  hospital
environments.

The work was divided into two stages: 1)
Analysis of the in vitro antimicrobial test using the
sanitizing  product against the most common
microorganisms detected in the hospital environment to
verify the antimicrobial effect, and 2) Sampling and
quantification of potentially pathogenic microorganisms
present inside the hospital for comparison with current
legislation.

The general objective was to analyze the risks of
microbial contamination of the hospital environment,
verifying the antimicrobial effect of the sanitizing product
used in air conditioning systems against different airborne
pathogens, and to evaluate the population and the diversity
of fungi in the private hospital in the city of Jodo Pessoa-
PB.

1. MATERIAL AND METHODS
In vitro antimicrobial activity test

The manipulation of samples and microorganisms
was carried out in the microbiology laboratory of the
Department of Physiology and Pathology (DFP) located at
the Health Sciences Center (CCS) of the Federal
University of Paraiba.

Seven microbial clinical isolates with pathogenic
potential were used, some representative of the human
microbiome and others present on surfaces, and normally
transient in indoor air in hospital environments. The
cultures were provided by the Lauro Wanderley University
Hospital - HULW-UFPB and kept in the DFP/CCS
laboratory. The species were identified as Aspergillus sp.
and Candida albicans, Escherichia coli, Staphylococcus
aureus, Bacillus sp., Klebsiella pneumoniae and
Pseudomonas aeruginosa. The growth and maintenance of
the cultures were carried out in Agar Brain Heart Infusion
(BHI) medium at 37 ° C for bacteria and Agar Sabouraud
Dextrose at 25 ° C for fungi.

The Thilex® cleaning solution was aseptically
diluted in sterile distilled water in the following
concentrations: 2%, 20%, and 100% and the control with
0% (water only), making a final volume of 5mL in each
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test tube. Then, a suspension of each previously cultured
microorganism was standardized for turbidity based on the
0.5 McFarland scale tube and 1mL of this suspension was
transferred to each tube containing the diluted solution. For
each fungus, a suspension of around 108 CFU/mL was
standardized.

After homogenization in a vortex mixer, 1mL
aliquots were transferred in series. The tubes included as
the product products were left to stand at different times (1,
10 and 20 minutes) at room temperature and after that, a
swab was embedded in each tube containing the dilutions
and seeded in Petri dishes using the culture medium
suitable for growth, in triplicate (BHI culture medium for
bacteria and Agar Sabouraud for fungi). After incubation at
36 £ 2 ° C for 48 hours (bacteria) and 25 ° C for 96 hours
(fungi), the viability of microbial cells as specified by the
growth responses on the plate.

Analysis of the microbiological quality of the hospital

This stage of the study was carried out in a private
hospital, located in the city of Jodo Pessoa, state of Paraiba,
Brazil. The samples were collected inside and outside the
hospital and data were provided for this study with
permission and consent signed by the hospital's directory
board.

The site area is characterized by a high
concentration of people during its operation. As the
hospital has a large area divided into several environments,
the following areas were selected for sample collection:
cafeteria, general ICUs, pediatric ICU, coronary ICU,
obstetrics rooms, pre-delivery room, operating room, and
center of materials for sterilization (CME). With the rooms
contained in each area, there were 23 rooms in total. In
addition to these internal environments, an area outside the
hospital was also selected, as determined by the
methodology described (Fernandes, 2014), established near
the side entrance of the parking lot.

Sampling was performed using the active method
of air impaction. In view of a large number of samples,
sampling was carried out in two days, with daily sampling
from an external location. The equipment used in the
sampling was a model of a 1-stage bioaerosol impactor,
model CF-6 (Andersen type) that simulates the human
respiratory tract, more specifically the terminal bronchi
(1.1 to 2.1 pm in diameter) characterized by sampling
pump, flow rate: 28.3L / min, supply: 110V, dimensions
241 x 139 x 114mm and 3,880g in weight.

In operation, the impactor causes the flow to be
collected through a surface filled with holes of a
predetermined diameter that prevents greater amounts of
bacteria and fungi from 0.6 to 22 micrometers from
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reaching and contaminating the medium, affecting the flow
speed of air and causing molecules to deviate. Thus, inert
microorganisms collide with the culture medium of
disposable Petri dishes that were fixed to the impaction
system with culture medium ready for use (Fernandes
2014). As plates were identified with location and sample
number and the culture medium used was Agar Sabouraud
Dextrose. The sampler was placed at a height of 1.5 meters
and 70% alcohol was applied in the period between
collections.

The indoor air renewal process was monitored
with an analysis of the concentration of CO? in parts per
million (PPM) in active environments using a direct
chemical reading device in each room. An analysis was
carried out by a third-party company that provided the
data. The parameter used was recommended by
RE/ANVISA n° 9, with the maximum recommended value
of carbon dioxide in the environment, being < 1000 PPM,
indicated for comfort and well-being.

The identification of the fungi used in the air
samples was carried out by the slide microculture
technique, which consisted of cultivation on microscopic
slides in a humid chamber. For this, 0.5 cm? of Potato
Dextrose Agar was used. With a flamed needle, each
colony was transferred to fragments of the medium. A slide
was added over the medium and incubated in a humid
chamber, followed by the Petri dish lined with water-
soaked paper. The incubation was performed in 3 to 5 days
in an oven at 25 ° C. At the microscope, it was possible to
visualize fruiting structures such as hyphae, conidia, and
sporangiospores with the aid of the addition of lactophenol
blue dye (Carvalho 2018).

For a macroscopic analysis of the colonies,
characteristics such as color, texture, surface, and pigment
dispersed in the culture medium were evaluated. At the end
of these analyzes, they were sterilized and discarded.

With the results of the identification and the
quantitative tests, the microbial containers were verified
according to the provisions of the norms 9 of 2003, RDC
no. 15, of March 15, 2012, and DRC no. 222, of March 28,
2018, from ANVISA.

Statistical analysis and graph production were
used using the GraphPad Prism 8.0 and Microsoft Excel
2016 software.

I11. RESULTS
In vitro tests

The microbial isolates originated from the
University Hospital Lauro Wanderley - HULW-UFPB, in
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the in vitro tests indicate that the microorganisms
Klebsiella sp., E. coli and C. albicans were more
susceptible to the disinfectant product, with no more
growth in concentrations from 2 %, whereas P. aeruginosa,
S. aureus, Bacillus sp. and Aspergillus sp. demonstrated
susceptibility only from 20%.

Table.1: Growth of the pathogens in different
concentrations and exposition time of the sanitizing
product Thilex®

MICROOR PRODUCT CONCENTRATION AND
GANISM EXPOSITION TIME
20
20% | 20% | % | 10
BAC';‘FERI Corl1tro 2% a (10 @0 | 0
min) | min) | min | %
)
Escherichia N i i i i i
coli
Staphylococ . . i i i )
Cus aureus
Bacillus sp. + + - - - -
Klebsiella
+ - - - - -
sp.
Pseudomon
as + + - - - -
aeruginosa
20
Contro 20% | 20% | % | 10
FUNGI 2% (1 (10 20 | O
| . . .
min) | min) | min | %
)
Candida . i i i i ]
albicans
Aspergillus N N i i i i
sp.

Fungal quantification in the hospital

Analyzing the fungal community present in the
hospital air in the 23 samples, it was found that in 12
samples concentrations were recorded above the ANVISA
reference maximum limit, with the ratio of indoor air to
outdoor air equal to or greater than 1.5. Fig. 1 indicates the
indoor/outdoor ratio (or I/E ratio) between the sampling
sites in an orderly manner. Environment classification
parameter: internal sample / external sample: I/E ratio <1.5
= good; I/E ratio > 1.5 = bad. The highest concentration of
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fungi in the air (UFC / m?3) was recorded (in descending
order) in rooms 03, 05 and 01 of the obstetrics wards.

Indoor/Qutdoor Ratio

Sample locations

Fig. 1: Indoor/outdoor ratio values between sample
locations at the private hospital in Paraiba, Brazil.

After incubation and counting of colony-forming
units, the anemophilic fungal genera obtained from the
samples were identified through microcultures for
morphological analysis. Fig. 2 shows the genera most
found in the hospital.

Penicillium
40,72%

Cothers
>1%

B Not identified B peniciltium B Aspergilius Monilia
B Yeast Chryso B Hyalodendron B Rhizopus
B Geotrichum B Curvuiaria B Cladosporium B Cunninghamella

Fig. 2: Average percentage of fungal diversity in the
interior rooms of a private hospital in Paraiba, Brazil.

The average percentage in all environments analyzed
showed that among the identified genera, Penicillium with
40.72%, Aspergillus with 7.36%, Monilia with 6.62% and
other less frequent genera predominated. However, most
genera were not identified because they presented only the
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formation of the mycelium, without reproductive
structures.

There were two periods of collection to analyze the
concentration of CO? in indoor environments. The
concentration of CO? in indoor environments, according to
the recommendations of RE/ANVISA n° 9, should not
exceed the limit of 1000 PPM. Thus, when comparing the
measured levels with the limits established by the
legislation in force, as shown in the graph of figures 1, the
operating room 05, Neonatal ICU and URPA reach values
that exceed the maximum recommended value (MRV).
The MRV is not exceeded in any of the other verified
environments, providing a healthy environment for the
occupants.

IV. DISCUSSION

A possible explanation for the resistance of pathogens
to the disinfectant may be the presence of anionic
surfactant in the composition of the product. Previous tests
indicate that cationic surfactants are more effective in
terms of antimicrobial effect, even when there is a
synergistic resistance between bacteria (Patrone et al.
2010). As for the time of action, the product demonstrated
effectiveness after 1 minute against all microorganisms
tested.

Microorganisms such as A. niger and P. aeruginosa are
studied as an application for bioremediation in sewage
treatment plants because of their ability to not only resist
but also degrade anionic surfactants. In one study, the
presence of detergent caused a partial inhibitory effect on
the growth of A. niger biomass (about 51.4%), however,
the fungus demonstrated to degrade 30% of the anionic
surfactant present in the medium after 16 days (Jakovljevic
2016). A P. aeruginosa strain showed degradation of about
96% of an anionic surfactant in the culture medium in 48
hours of incubation (Ambily 2012). This degradation
capacity may have contributed to the findings of the
current study, with Aspergillus sp. and P. aeruginosa
possibly showing resistance to the anionic surfactant
present in the product Thilex®.

That said, the sanitizing product used in air
conditioning units may not have a direct influence on the
variation in the internal fungal density of the hospital since
its effectiveness has been within the expected standards.

To reduce bias that could interfere with the experiment,
distilled and sterile water was used, which in fact does not
reflect the composition of the water collected directly from
the taps, as occurs in the cleaning process inside the
hospital. Thus, future studies may use tap water,
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considering the microbiota present, as well as correlate the
effects on other pathogens not tested in this work, using
different products and contact times. It is emphasized that
the aseptic handling of microorganisms for the contact test
reflected significantly on the repeatability and
reproducibility of the assay and should be taken into
consideration for future tests.

The highest fungal density was associated with the
obstetrics and pre-delivery rooms, with Penicillium being
the most commonly identified genus. This phenomenon
can be attributed to the increase in dust, in favor of the
deposit of fungal spores and probably due to an infrequent
or insufficient cleaning of the environment. Surfaces that
show greater contamination are the upper parts of furniture
and the upper surfaces of large equipment (refrigerators,
sterilization devices, heaters, etc.), where it is easier to
detect or cause moisture damage (Brunetti et al. 2006).

It is necessary to observe the room that registered the
lowest concentration of fungi during the study, which was
the arsenal of the CMS. CMS is an acronym for Central of
Materials and Sterilization or Center of Sterile Materials,
and the objective is to be a sector dedicated to the cleaning,
conditioning, sterilization and distribution of all medical
articles in the hospital. ANVISA has established guidelines
for the functioning of a CME, which must consist of:
reception and cleaning room; preparation and sterilization
room; chemical disinfection room (when applicable); area
for monitoring the sterilization process; and a storage and
distribution room for sterile materials. As support
environments, provision should be made for: a dressing
room with a bathroom for employees; cleaning material
deposit; a pantry for sector employees; administrative
room, and space for employees to rest during the night
shift. A high inspection regarding the sterilization of the
CMS room can serve as a model for indicating possible
guidelines for use in rooms that have a higher fungus
count, adapting to the prohibitions of each sector and each
hospital (Tavares et al. 1979).

These results highlight the importance of environmental
requirements and the need for cleaning procedures that can
prevent fungal contamination in hospital departments.
Immediate preventive action and specific training for the
cleaning team, through education programs and application
of infection control procedures, as well as corrective
cleaning measures in contaminated rooms, will certainly
have a directly detectable positive effect on the
environment. The ideal time interval for cleaning air
conditioners varies in different regions, but most protocols
recommend sanitary maintenance of the unit every 7 to 15
days or at least twice a month (Aparecida 2011; Brenier-
Pinchart 2009).
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The installation of HEPA filters aims to eliminate
biological contaminants from the air. According to a
technical note from ANVISA, an inspection must be
carried out periodically and the filter must be replaced
when the differential pressure of the airflow or the passage
reaches 45mmca or after 18 months of use, even if the
differential pressure is less than 45mmca (Anvisa 2013).

Due to access limitations to the hospital, it was not
possible to collect the samples before and after disinfecting
and cleaning the devices. The study by Dehghani et al.
(2018), carried out in a hospital unit in Iran, indicates that
there can be a significant difference in the count of
microorganisms before and after cleaning the rooms.

In that same study, 41% of the rooms had counts higher
than the recommended values and the most prevalent
microorganisms among the genera Aspergillus and
Penicillium. Factors that influence the results, according to
the researchers: low ventilation, a little wet variation of
floors in the rooms, inadequate filtration of the air-cooling
systems, high ventilation, and lack of ideal management of
infectious patients after surgery. A recommendation for
this case is to use HEPA filters, implementing more
rigorous disinfection procedures, and improving or
controlling temperature and humidity (Dehghani et al.
2018). Another study, carried out in a Portuguese hospital
showed that, according to a fungal sampling in indoor air,
the predominant genera were Penicillium spp. (41%) and
Aspergillus spp. (24%) Aspergillus species were: A.
fumigatus, A. versicolor, A. glaucos and A. niger (Cabo
Verde et al. 2015). These results corroborate to those found
in the present research, where there was a predominance of
these two genders in all environments analyzed.

The results indicated that rooms with a high fungus
count are worrying when in a scenario in which patients
that suffer allergies are present. Sensitization to fungal
allergens may be associated with allergic respiratory
disease and atopic dermatitis. One study investigated a
relationship between sensitization to different allergic
genes, specific IgE sensitization rates for Candida, and was
81.2%, followed by Aspergillus in 69.2% and Penicillium
in 63.2%, with lower values in patients with atopic
dermatitis (Chang et al. 2010).

The fungal diversity found in the present study can be
explained by the excellent mechanism of dispersion of
fungi suspended in the atmosphere, which can be
transported as bioaerosols over long distances with the
movement of air. Certain fungi develop adaptations
favorable to their survival while they are dispersed in the
atmosphere, present in pollution, skin, tissues, and water
droplets (Martinez-Herrera et al. 2016).
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In general, physical-chemical conditions are not
favorable to the growth of microorganisms and most can
only remain viable until suspended for a short period of
time. However, fungal conidia can propagate units with
longer viability rates due to properties such as thick cell
walls, which protect against desiccation and the pigment
(melanin), that protects against ultraviolet radiation. Other
important adaptations are thermotolerance and nutritional
versatility, which allows the use of diverse sources of
carbon and nitrogen, as in the case of Aspergillus conidia
when they germinate (Abad et al. 2010).

Fungal genera can turn superficial infections into
invasive microorganisms. Although fungi have several
routes of entry into the host, the most common is the
inhalation of propagules; therefore, maintaining good air
quality is essential in critical areas of hospitals to reduce
invasive fungal infections (Martinez-Herrera et al. 2016).

One of the most important diseases, in this case, is
asthma, the most prevalent condition in the age between 0
and 18 years. In addition, pregnant women, ICU patients,
and newborns under one year of age are more susceptible
to these pathogens. The presence of fungi in the hospital
can also be a risk factor for the health of workers and
hospital employees (Abbasi et al. 2019). As seen in the
present study, of the five ICU rooms, three of them were
committed to levels above the acceptable level, that is, in
bad conditions.

An external layer of spores (conidia) in fungi is rich in
hydrophobin, which allows them to remain suspended
without depositing, a cysteine present in the hydrophobin is
highly active in the fungi surfactant. As the hydrophobins
are organized in an amphipathic monolayer that reduces
the surface tension of the medium or the substrate on
which the fungus grows, it allows the interface to be below
the water and avoid hydrosaturation to maintain gas
permeability. The degree of hydrophobicity among fungi
varies from a highly hydrophobic level, affecting the
efficiency of the spore dispersal capacity (Bayry et al.
2012). A high density of sporulated fungi found in
hospitalizations confirms a high dispersion capacity in the
air and a high risk of contamination for patients.

The presence of A. fumigatus in similar studies was
higher in hospital corridors. In the present study, a greater
diversity of fungi was observed in the coronary ICU. The
way this room was designed, containing a reception in the
center and cabins with beds around it, can cause the traffic
of people in a circular motion to be intensified and this can
contribute to a greater spread of spores. Results presented
in other studies may vary depending on the type of
hospital, location, number of patients and visitors, climatic
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conditions, geographic location, and laboratory conditions,
such as incubation temperature and culture medium. As the
hospital is located in the middle of the city and close to an
urban road, the entry of more pollutants from vehicles may
be common; Hospitals located in the metropolitan area,
surrounded by vegetation and pastures have the lowest
amount of pollutants (Abbasi et al. 2019). Although it has
been argued that a source of fungal spores inside the
building, including structures and construction conditions,
fungal contamination can also be caused by colonies that
grow on trees, plants, and shrubs and entrances inside
through the door and window (Dannemiller et al. 2016).

Species of Aspergillus have pathogenic potential, with
special attention to A. fumigatus, due to its conidia that are
more hydrophobic than other species, in addition to giving
more air suspension time, it has the ability to hide the cell
wall from inducing a response immune to the host. The
hydrophobin RodA protein presents as a virulence factor
that prevents the immune system recognition and the
recruitment of neutrophils and the production of cytokines.
Disinfection using products composed of hydrofluoric acid
removes the RodA hydrophobin from the micro-organism
and can decrease its pathogenic action. However,
pathogenicity can be intensified in immunocompromised
patients, making it impossible to generate an immune
response and the risk of infection (Carrion et al. 2013).

The third most common fungal genus in this study was
Monilia, with a higher prevalence in the postoperative
ICU. These fungi are anamorphic, being a reproductive
phase of Monilinia (Andrade 2016). They are not known as
human pathogens, being more associated with diseases in
angiosperm plants such as Rosacea and Ericaceae, in
addition to causing fruit rot (Hu et al. 2011). Some species
of the genus Monilia are identified as residents of the
human intestinal microbiota and their clinical relevance is
more useful for biological indicators of diseases, being
observed in small numbers in the intestines of patients with
chronic inflammatory diseases, such as Crohn's disease (El
Mouzan et al. 2017).

Some yeast-like genera were found in the hospital's
rooms. As stated earlier, Candida albicans is a
predominant cause of invasive yeast infections; however,
epidemiology of yeast infections is gradually evolving and
other rare yeasts have emerged as life-threatening
opportunistic pathogens. Trichosporon spp., the second or
third most common cause of yeast infection, demonstrated
less susceptibility to amphotericin B and 5-flucytosine and
resistance to echinocandins (Guo et al. 2017). These
findings reinforce the need to monitor the presence of
invasive yeasts and antifungal resistance among the
variations of regular yeasts today and in the future.
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Regarding the concentration of CO?2 in the indoor
environments analyzed in this study, the rooms with lower
levels of air recovery (higher concentration of CO?) do not
correspond to a high concentration of fungi found. Like the
neonatal ICU rooms, the operating room 5 and URPA
showed values above the ANVISA VMR. Of these rooms,
only the neonatal ICU has shown a high fungal count (I/E
ratio> 1.5), and the room that shows the highest
concentration of fungi, obstetrics room 3, has one of the
lowest values of CO?2 concentration is compared to the
other rooms.

There are studies in the literature that correlate the
concentration of CO? with the increase of fungal
concentration in indoor environments. This relationship
may be more indirect, since it may indicate a high standard
of human activity in the analyzed internal environment. As
the rates of generation of CO?2 and bio-effluents depend on
human activity, the concentration of CO?, and the intensity
of human bio-effluents in space exhibit a relationship
related to the number of occupants. Therefore, the use of
CO2 concentration to monitor indoor air quality may be
more appropriate to demonstrate the human population
density of an indoor or outdoor environment (Chaivisit et
al. 2018).

In short, fungal contamination is directly related to air
quality, which is a major contributor to the transmission
and diffusion of fungal spores. To reduce contamination,
special equipment should be used for patients at risk,
excessive human movement should be avoided in hospital
corridors and windows should be closed. In addition,
performing systematic disinfection of air conditioning
systems, as well as periodic monitoring of the fungus
population, which are indicators of environmental quality.
One of the measures may be the use of HEPA filter in
cooling systems, which easily and efficiently capture
fungal spores and help to isolate environments used as
operating rooms.

The results show that the environmental monitoring of
biological indicators is an important tool and should be
adopted by hospital infection control committees to
investigate, control and reduce the occurrence of
infections, contributing to reducing the economic impact
on hospital admissions.

V. CONCLUSION

A high amount of pathogenic fungi is present at-risk
sites in the private hospital located in Jodo Pessoa-PB,
Brazil. Of the 23 rooms analyzed, 12 had more fungi
density than permitted by the norm, including obstetrics,
pre-delivery, cafeteria and pediatric, coronary, and
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neonatal ICUs. The most common genera found were
Penicillium (40.72%), Aspergillus (7.36%), and Monilia
(6.62%), however, most of the examples were not
identified. The in vitro antimicrobial tests of the sanitizing
product used in cleaning air conditioning devices (Thilex®)
showed that Klebsiella sp., E. coli and C. albicans are
susceptible and P. aeruginosa, S. aureus, Bacillus sp. and
Aspergillus sp. are resistant to less than 2% of the product
in distilled water, with the most suitable usage instructions
being 20% of the product concentration and exposure time
above 1 minute.

Adequate management of patient admission and visit
time can be effective in contaminating indoor
environments in hospitals, such as the use of protective
filters for rooms with immunocompromised patients. In
addition, the control of these parameters can prevent health
and psychometric problems for health professionals in the
long term.
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Abstract— To investigate situations of obstetric violence in the perception of puerperal women in a
teaching hospital. Descriptive study, with a qualitative approach. Data collection used a semi-structured
interview with 17 puerperal women. The puerperal women’s statements were transcribed and analyzed
through content analysis in the thematic modality proposed by Bardin. From the analysis of the statements,
four thematic categories emerged: 1) Disrespect for the parturient, 2) Obstetric violence, 3) Violence
revealed, 4) Unknown violence. The study revealed the need for changes in childbirth care to make is more
welcoming, with pregnant women’s protagonism, respecting their rights constituted by laws, and using
good obstetric practices for a humanized childbirth free of violence.

Keywords— Gender-Based Violence, Midwifery, Nursing, Qualitative Research, Women’s Health.

I. INTRODUCTION

The historical analysis of how women experienced their
deliveries shows that there were changes in the whole
process, with records showing that, in ancient civilizations,
women performed their deliveries alone, at most,
accompanied by a maternal figure who offered them
protection, which would later come to fruition as
midwives. This fact culturally sedimented the delivery in
the home itself, happening as a natural, private and family
process in which the woman was the protagonist of the
parturition process [1].

Since the 1940s, the institutionalization of childbirth
intensified, aiming to reduce maternal and neonatal
mortality and, at the end of the last century, more than 90%
of deliveries occurred in the hospital environment. The
woman ceased to hold the lead role of her labor, being
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subjected to seemingly safe norms and interventions,
without her consent or oppression, fear, shame and because
of the idea that the hospital environment would provide the
best care for her and her baby. Assisted by unknown
people, away from their relatives and belongings, without
the right of choices, contributing to maternal and neonatal
risks [1].

To improve obstetric care, the World Health
Organization (WHO) published a handbook in 1996, with
practices based on scientific evidence called good practices
for childbirth care. Ambulation, spray bath and immersion,
lumbosacral massage, muscle relaxation, vertical positions,
horse method or pelvic movement, aromatherapy, music
therapy, Swiss ball, breathing exercises and the presence of
a companion chosen by the parturient act in reducing the
period of labor, effectively reduce pain and relieve anxiety,
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bringing a physical and psychological comfort to the
woman. Thus, they should be inserted in childbirth care
[2,3].

On the other hand, procedures such as enema,
trichotomy, prophylactic venous catheterization, supine
and lithotomic position with or without stirrups, rectal
examination, routine uterine washing, prolonged and
directed pull effort, massage and distension of the
perineum, parenteral ergomethrin and use of radiographic
pelvimetry should not be used because they are harmful or
ineffective. Early amniotomy, maneuvers related to
perineum protection and cephalic pole management, active
manipulation of the fetus, early clamping of the umbilical
cord, fasting, routine episiotomy and active management of
oxytocin labor should be carefully used, since there is no
scientific evidence for their use [4].

However, even with scientific evidence supporting the
implementation of good practices during labor and
delivery, many women experience situations of violence.
Exposed through negligence in care, social discrimination,
verbal aggression and physical violence, including the non-
use of analgesia when indicated, inadequate use of
technology, with unnecessary interventions and procedures
before the scientific evidence of the moment, causing
interventions with potential risks and sequelae [5].

Although in Brazil there is no specific definition of
obstetric violence, it is characterized by the appropriation
of the body and reproductive processes of women by health
professionals, through dehumanized treatment, abuse of
medicalization and “pathologization” of natural processes,
causing the loss of autonomy and ability to freely decide
on their bodies and sexuality, negatively affecting the
empowerment of their life and their choices [6].

Thus, the woman has the right to choose the type of
delivery, intervention and procedure to be performed, to
know their reasons, risks and benefits, to know the
possibilities of analgesia and to choose the place of
delivery and a companion. These measures should be taken
consciously, taking into account maternal and fetal well-
being and the autonomy of the parturient [4-6].

Due to the frequent discussions on the theme of social
relevance, as it constantly occurs, implying violation of the
rights of parturients, evidencing the need for improvement
in the attention given to delivery and birth, highlighting the
importance of the active participation of women in this
context. Thus, this study sought to investigate situations of
obstetric violence from the perspective of puerperal women
at a teaching hospital.
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1. METHODS

This is a descriptive study with a qualitative approach,
conducted in a university hospital in Recife/PE, Brazil. The
participants were 17 puerperal women, aged over 18 years,
in the immediate postpartum period. Submitted to normal
delivery or cesarean section of the said hospital and
hospitalized in the rooming-in accommodation at the time
of research. Those with psychiatric disorders and who gave
birth to stillborn fetuses were excluded. The number of
interviewees was determined by theoretical saturation
during data collection and analysis. The theoretical
saturation was identified from the non-occurrence of new
information, by the decreasing yield during the content
analysis performed [7].

For information collection, a semi-structured interview
guide was used, containing the guiding questions: Can you
tell how your labor and delivery was? What did you find
more difficult about your delivery? Have you ever felt
disrespected or mistreated? This guide also had
sociodemographic and obstetric issues collected from
medical records. Data collection occurred between April
and September 2015. An MP3 recorder was used to record
the interviews, simultaneously with data collection.

The interviews were fully transcribed. Information was
analyzed using the content analysis in the thematic
modality, proposed by Bardin [8]. Constituting the
following thematic categories: disrespect for the parturient,
obstetric violence, violence revealed and unknown
violence. The thematic categories were analyzed and
interpreted according to the theoretical framework of
childbirth care anchored in the World Health Organization
[WHO] (1996) [2]. Data related to sample characterization
were typed and analyzed in the Software SPSS (Statistical
Package for the Social Sciences), version 21.0, using
descriptive analysis techniques.

The research occurred after approval by the Research
Ethics Committee (CEP) at the Health Sciences Center
(CCS) of the Federal University of Pernambuco (UFPE),
(CAAE: 40024514.5.0000.5208) and signing of the
Informed Consent Form (ICF) by the interviewees. To
maintain anonymity, the interviews were identified by
alphanumeric codes, using the letter P and subsequent
interview number, from 1 to 17. The study respected the
formal requirements contained in national and international
standards regulating researches involving human beings.

1. RESULTS

The interviewees were between 18 and 44 years old,
with an average age of 26.29 years, 70.6% were from the
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Metropolitan Region of Recife and 29.4% from other cities
in inland Recife. The majority lived in consensual union
(52.9%), only 29.4% were unmarried and 17.6% were
married. Regarding education, 17.6% had incomplete
elementary school, 17.6% had complete elementary school,
23.5% had incomplete high school, 11.8% had complete
high school, 5.9% had incomplete higher education and
23.5% had complete higher education. About the
profession/occupation, 58.8% were housewives and 41.2%
had paid activity. Regarding monthly family income, 5.9%
lived with less than one minimum wage, 47.1% with a
minimum wage, 35.3% with two minimum wages and
11.8% with three minimum wages.

Obstetric data, number of pregnancies ranged from one
to five (mean=1.94), to one to four deliveries (mean=
1.71), abortions from zero to one (mean= 0.24).
Gestational age ranged from 35 to 41 weeks (mean=39.12).
The number of normal deliveries was 76.5%, with the
remaining 23.5% submitted to cesarean section. The
university hospital was the first choice for 41.2% of
women. The presence of a companion was reported by
52.9% of the women, 52.9% walked during labor. All
patients who gave birth by normal route stated that they
were in lithotomy.

The use of oxytocin occurred in 76.5% of deliveries,
amniotomy was performed in 52.9% of the women, 70.6%
of the interviewees remained fasting throughout the labor,
17.6% used misoprostol and 52.9% received guidance on
the procedures performed. The partogram was opened
during labor and delivery care of only 17.6% of the
women. Care was provided by obstetricians (94.1%) and
by obstetric nurses (5.9%).

From the speech analysis, four thematic categories
emerged: 1) Disrespect for the parturient, 2) Obstetric
violence, 3) Violence revealed, 4) Unknown violence.

Disrespect for the parturient

Good obstetric practices guide professionals to what
should and should not be done during labor. Some of these
practices were not considered. Starting with the pilgrimage
while seeking a place that leads pregnant women feel
anxious and disrespected: First | went there, | thought it
was going to be there, the birth... Then they transferred me
to another hospital, then there was no duty, no, it was full,
then | came back again... And they sent me to (another
maternity), so | was hospitalized there. Then the girl came
and said that | was going to be transferred to another
hospital because there was no anesthesiologist, then they
sent me here (P5). | got there, they had no place for me
there (P6). The hardest part was the uncertainty of
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migrating from one hospital to another, so | felt
disrespected (P9).

The parturients’ statements showed that the non-respect
of the woman’s choice over her companion during labor
and delivery contributed negatively to the delivery process.
Only the female companion’s was allowed in some cases,
and her presence was limited only to labor, in a few cases,
during vaginal delivery. In cesarean section, this right was
denied to pregnant women, whose main argument was the
lack of adequate clothing: One, | don’t know if she was a
student too or a nurse, | don 't know, I just know I asked if
she (mother) could get in, so she said, “There’s no cloth
for me and | work here, imagine for a companion.” Then
my mother did not get in, | entered the delivery room alone
(P17). At no point did he (hushand) come in to see me
because they did not let him (P11). My mother wanted to
watch the birth... The boy’s father also stayed outside
because he could not watch, because they had no clothes
for either of them (P13).

The following statements reveal the disrespect to the
woman’s right to have her privacy preserved in the place of
delivery, being subjected to several procedures with the
presence of several people, without her prior consent,
without the right of refusal, exposing her, making her the
object of learning, violating her intimacy: Two (students),
the doctors were all near me, the boss and the doctors, they
were all over me (P2). .. Many academic doctors, interns,
everyone around me, and we are already nervous (P15).
There were about ten people in the delivery room (P13).
Many doctors came up to me, examined me and everything
(P8).

Although known as an effective method in relieving
pain and anxiety during labor, simple and low-cost therapy,
non-pharmacological practices were not used, or were
inadequate, hindering labor, coping with pain, generating a
sense of death: They just told me to sit on the ball, there is
no professional... what to do on the ball? Do | sit down?
Do | jump? Do | walk? I was in so much pain that | do not
even like to remember. (Crying) This was the whole night,
the pain increasing and they only came to make the touch
exam (P11). | do not ever want to have a child in my life
again. Oh, my God! It was a terrible feeling! I thought I
was going to die there. There was so much pain, so much
pain. I did not know what that pain was like, first son. You
do not know what it is like, you get lost. Because you think
it is death, that pain, but | got it, I do not know how, but |
did it (P17).

Another practice reported was the restriction of food
and liquids imposed by professionals, a procedure that was
not questioned by pregnant women. Regardless of the
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delivery route, the woman’s desire and the labor stage, the
restriction still extended to the first two hours after vaginal
delivery: Very hungry, it was very difficult for me ... only
IV, it was very difficult. Here, | think that is where | had
the most accurate guidance that | could even eat, but
eating could make me suffer more... Then | followed what
they told me (P9). Then | asked to drink water, she
(professional) said | could not, then | put just a little bit of
water on the lips and that was it (P12). | could not eat. |
only ate two hours after delivery when | got to the
infirmary (P14).

Obstetric violence

Vaginal touch is part of the obstetric evaluation, but
should not be performed repeatedly or frequently,
especially by more than one professional, being important
to guide the woman on the examination, request her
authorization and perform in order to minimize the
discomfort of the procedure: They (professionals) always
came to make the touch test (P1). There came another one
to make the touch. Then | said: Are you making the touch
test, 1 cannot take it anymore... It was hurting. It is
horrible. (P7). Finger has no camera, so they were in
doubt, one got in, got out, another got in, got out, one
passed to another three, it seems it is two, four: You are
playing with my uterus! (P11).

The use of the oxytocin synthetic hormone to correct or
accelerate the pattern of uterine contractility during labor
was used deliberately, not respecting the physiology of
childbirth, with absence of pain as the main justification
for its indication: They gave me an 1V, a medicine (P8). |
was given an IV to speed up the pain. (P10). | was not in
pain, then the girl gave me an 1V, so | started to feel pain,
you know? (P7). They started putting medication on me to
get to contractions (P3). They gave me an 1V (P16).

Routine amniotomy should not be performed in
obstetric practice, since there is no scientific evidence that
it improves outcomes, yet it is still a very common practice
in obstetrics as evidenced in the following reports: (The
doctor) said | was five centimeters, then she broke my
water (P13). The doctor said | was seven centimeters but
the water had not broken, then she grabbed a thing
(amniotomo), she broke herself (P8). They broke my water
in the delivery room (P3).

We can observe the use of perineum distension during
the second stage of labor, a totally harmful practice that
further increases the suffering and pain of the parturient
and brings no benefit: They opened the vagina as much as
they could, because they were seeing the hair, “That’s the
hair.”, had not crowned vyet,... tried, tried, tried, nothing,
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several times this, suffering was immense, the physical
pain was inexplicable, unforgettable (p15).

Violence revealed

In these discourses, the report of the excess of
procedures configured as maltreatment and obstetric
violence timidly begins to emerge. In this speech, we can
perceive the team directed only to the care of the fetus, not
taking into account the feelings and emotions of the
parturient: The team that met me was terrible, because they
mistreated me, they were careless, because you’re out
there screaming, bleeding and they 're just listening to your
baby s heart and you don 't count, don 't you?- cry -... | was
so angry. You have to learn more, go back to school,
because in addition to making money, you have to love
what you do, because first of all I think you have to have
love and compassion for the patients... You are inhumane.
It was perverse, it is like you are nobody, that was my
anguish... | was already calling him (husband): Look,
come get me, because, if I have to die, | would rather die at
home (P11).

Taking the pregnant woman to the delivery room and
not waiting for the physiological time for birth entails a
cascade of interventions, transforming the natural moment
into something painful, the parturient has no autonomy
over her body, feels violated, with psychological sequelae
that need to be worked to reduce the damage in future
pregnancies: My problem was in the delivery room, which
characterized obstetric violence... let’ give her more IV ...
Open my vagina and | force to see if the baby crowned and
nothing, then the obstetrician decided they would do the
following: “I’'m going to press your belly, it is going to
open your vagina, you are going to push... Then the doctor
was pressing here, here in the belly... Then he pressed a
lot, and his physical condition so strong, a lot of force,
right?... Suffering this violence, all over my body, he did
that several times and nothing. Then the doctor grabbed
the forceps and gave me more IV .. For me, it was
abnormal, it was not a normal delivery, my baby was
removed, like a caesarean... Feeling mistreated... | was
scared. Now, | will never have a child through normal
delivery again, by god’s will, my next delivery will be a
scheduled caesarean. So, it characterized an obstetric
violence for me (P15).

This report unveils the woman’s dissatisfaction with the
place of delivery, the procedures performed and the team’s
unawareness that provided the care, even though she
accepted the interventions  without questioning.
Professionals must introduce themselves, ask for the
consent of pregnant women and give them the opportunity
to decide freely and consciously: They made the touch test,
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then they said | was going to be hospitalized, they put me
in room two there, then | waited until the doctor came to
give the pill, | stayed there a long, long time. For me, |
would not have even come here, but was already here
right? Do what? | did not like it at all. They took too long
and some people had no idea about anything, they were
interns | guess. They kept asking the doctor how to do or
not to do, I did not like it at all. I kept my mouth shut
because | was already feeling a lot of pain, so | let it go...
They told me to lie on the bed there, then when she left,
they also used the speculum, it hurt so much, they kept
poking and poking ... A little disrespected, got it? (P6).

Unknown violence

Although the puerperal women reported having
experienced situations of disrespect to good practices of
childbirth care, some of them characterizing obstetric
violence, it is evident the unawareness of the subject and
the lack of association of interventions suffered when
questioned about disrespect and maltreatment during their
labor and delivery: Not at all (P1). No, not at all (P2). No,
no (P3). No, never (P4). No (P5). No, I did not feel it, no
(P7). I have nothing to say, no. (P8). No (P10). No, no,
thank God, no (P13). No, never (P14).

IV. DISCUSSION

This study reveals that all women underwent some type
of intervention during labor, and, although most classified
as being at usual obstetric risk, they did not experience a
natural delivery. The use of technology when well
indicated improves obstetric indicators, but if used
unnecessarily implies greater risks for women and the
conceptus [9]. For this reason, its use must be supported by
the updated scientific evidence.

A factor that can contribute to reducing unnecessary
interventions is the work with greater autonomy of the
obstetric nurse in the delivery room, because he/she plays a
more appropriate role, presenting a better cost-
effectiveness in the care of pregnancy and normal delivery,
assessing risks and recognizing complications [3,9].
Having been supported by the Ministry of Health through
Ordinance N. 2815 of 05/29/1998, which included in the
Hospital Information System (SIH/SUS) table the
procedures for normal delivery without dystocia performed
by obstetric nurses and Ordinance GM N. 163 of
09/22/1998, which regulated the performance of normal
delivery without dystocia by an obstetric nurse in the
Public Health Organizations of the Unified Health System
(SUS).
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However, in this hospital, the difference in care was not
perceived, given the excessive number of unnecessary
procedures, even being a high-complexity institution,
nurses could better assist labor. All professionals who
assist women should have their behaviors supported by the
updated scientific evidence. Encouraging pregnant women
to have autonomy in the process of parturition, sharing care
and respecting their choices. Starting with the right to give
birth in the place they want. However, we recognize that
the guarantee of these rights is not only linked to the
professional who works in the delivery. The lack of
structure and professionals in our maternity hospitals
results in closed shifts and overcrowding, increasing the
pilgrimage of pregnant women seeking a place to give
birth, generating feelings of disrespect and anxiety. This
violates what must be ensured, the right to know and have
access to the maternity where she will receive care at the
time of delivery. And when necessary, be referred, having
her transport and place guaranteed [1,5,10].

Health services need to adapt to comply with what is
exposed in Law n. 11,108 of April 7, 2005, which
guarantees parturients the right to the presence of a
companion during labor, delivery and immediate
postpartum [4]. It is important to emphasize that the
companion is chosen by the woman and should be accepted
without distinction. His/her presence increases the chances
of spontaneous vaginal delivery, decreases intrapartum
analgesia and dissatisfaction, promotes shorter labor time,
provides lower rate of cesarean section or instrumental
vaginal delivery and decreases the chances that the baby
has a low Apgar score in the fifth minute of life [10,11].
This right needs to be respected by the institutions in an
integral way, denying because of the gender, restricting the
companion to labor, allowing permanence only in one type
of delivery, preventing access and permanence claiming
failure in the physical structure, lack of clothing or under
any pretext are violations of an acquired right, contributing
to obstetric violence.

The parturient has the right to be assisted throughout
her labor and delivery, observing her physical and
psychological well-being, including respect for her privacy
and the non-permission of unnecessary people in the
delivery room. Performing procedures for teaching
purposes without considering the integrity and intimacy of
the patient causes obstetric violence [5]. According to the
reports of our study, pregnant women were seen by several
different people during their hospitalization, but they still
spent most of their time alone, without adequate care.
Making childbirth a painful event and an unpleasant
experience.
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Even though labor is generally painful, each woman
responds to pain differently, suffering cultural, family,
emotional influences, previous experiences and the social
group surrounding her. Some describe this pain as terrible,
death-like pain, preferring not to remember. The
professional who assists the pregnant woman is responsible
for providing conditions for her to support the discomforts
of the parturition process [11]. This support can be offered
through non-pharmacological pain relief techniques, such
as immersion bath, shower, massage and aromatherapy,
techniques that have demonstrated decreased perception of
pain and anxiety. Freedom to take the most comfortable
position and ambulation are practices that do not pose
risks, so they can be recommended [11]. Activities not
performed with most participants since study, even with a
multidisciplinary team present in the delivery room.

The incentive and freedom of choice of women over
positioning during labor and delivery and the adoption of
vertical positions bring physical and psychological benefits
and reveal greater satisfaction with the experience of
childbirth [9]. Contrary to this recommendation, all the
women interviewed reported not having chosen the
position and gave birth in a lithotomy position. It reveals
the preference of professionals for horizontalized delivery,
with technology in favor of their comfort, failing to
consider what is best for women.

Another factor that should be considered is the supply
of liquids and soft diets during labor, as it contributes to
the replacement of spent energy sources, besides
preventing dehydration and Kketosis, ensuring the well-
being of the parturient and the conceptus [12]. However,
fasting is still a common practice, as justification for the
risk of aspiration of gastric contents, if pregnant women
need the use of general anesthesia. To avoid this
restriction, it is important to make an evaluation and, in
case the pregnant woman is at usual risk, there is no need
to prescribe fasting [12]. However, considering that the
practice of offering food during labor is recent and many
professionals guide fasting fearing complications, we
understand why these pregnant women are afraid to eat,
demonstrating that they are not being adequately oriented,
which prevents them from choosing consciously, without
fear or doubts according to their willingness to eat or not. It
also reveals the failure in the care of women in the
pregnancy cycle, because this information should be
passed on during prenatal consultations, where there is
continuous contact with the professional and reinforced
during their hospitalization.

A finding that deserves attention was the low use of
partogram in the deliveries investigated, which is a graphic
instrument that allows monitoring the progress of
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childbirth, being a simple and effective tool that helps in
taking appropriate behaviors. In developing countries, its
proper use is related to less indication of cesarean sections
and early identification of complications [11-12]. It should
be adopted in the follow-up of hospital deliveries
throughout the public network on the recommendation of
the WHO and in the private network through Normative
Resolution n. 368/2015. We observed that professionals
used techniques such as oxytocin and rupture of amniotic
membranes to accelerate labor in more than half of women,
which should not be routinely used. The use of oxytocin,
for example, in usual-risk women should be avoided, and
may lead to complications and the greater need for
surveillance of pregnant women [11]. The pain of labor is
already intrinsic for many women who do not question
these behaviors believing that their routine practice makes
them absolutely essential.

In the care of the second period of labor, the directed
pull was widely used in order to reduce the time of
delivery. Nonetheless, its practice is not recommended, as
it is more likely to lead to instrumental delivery, and may
injure the pelvic floor. Although parturients regarded it as
something inherent in childbirth, it clearly causes physical
wear and discomfort. On the other hand, practices such as
perineal distension, which should not be performed,
episiotomy and forceps use, which should be observed
regarding their need and cannot be routinely used, were
reported by women within the context of violence. In
addition to the reports within the context of violence on
pressure at the bottom of the uterus (Kristeller maneuver),
for which there is insufficient evidence to recommend or
not its use [12], but which made it clear that the way it was
applied should not be performed.

Obstetric violence revealed through the excess of
unnecessary interventions, and practices not based on
scientific evidence updated during labor, delivery and
postpartum is a matter of public health. In Brazil,
according to a national survey conducted in 2019, (12.6%)
women reported having suffered obstetric violence [9]. In
the present study, all women suffered some kind of
disrespect, including procedures considered violence.
However, most of them showed no knowledge of the
subject. In order to typify and reduce obstetric violence in
the country, law n. 7633/2014 is under process, which
provides for the humanization of care to women and
newborns during the pregnancy-puerperal cycle and
provides other measures [13]. The urgency of dealing with
this issue is widely notorious, because, despite the efforts
of WHO and the Ministry of Health, with initiatives such
as Rede Cegonha, there is still much to be done when it
comes to humanization of childbirth [14].
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The participants of this study had a good level of
education, even though the majority did not recognize
obstetric violence, situations of disrespect and the excess of
procedures performed with them, all considered as
common to labor, making it necessarily laborious and
exhausting. The lack of information makes the woman
vulnerable, without autonomy to decide freely on her body.
The unequal relationship between the professionals who
assisted them is noticeable, not being asked to actively
participate in the parturition process. This professional
attitude needs to be modified, however, it is necessary to
change the way in which these professionals learn to
approach women in the process of parturition. To eliminate
violence, there must be a continuous educational process
encompassing professionals who provide assistance
directly and indirectly to women and family members.
Institutions also must fulfill their role, adapting the
infrastructure and making the place of birth a welcoming
environment.

V. CONCLUSION

This study showed that, although some women
recognize that they were disrespected during their labor
and delivery, they still do not associate this disrespect with
obstetric violence, believing those practices as common
during care, although they cause pain and anguish,
supporting, not starring their deliveries.

Despite the several initiatives seeking humanized care,
without unnecessary interventions, respecting the intimacy
and autonomy of parturients, there is still need to move
forward, with health education actions, policy creations,
laws, debates in the media, in academic centers, emphasis
on prenatal care, to broaden the understanding of the
importance of birth humanization.

This work is expected to raise reflections about the
need for broad discussions on obstetric care, directing care
to women and their families in an integral way, making
them autonomous to actively participate in the parturition
process, and that good practices be carried out during
labor, eliminating obstetric violence.
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Abstract— Implantable medical devices are materials that assist or replace partially or totally for the
purpose of preventing, treating, or compensating for a disease, injury, or disability. It is important to
follow patient safety protocols such as effective communication, safe surgery and regulations to ensure the
procedure free of risk and damage. To verify the predictors that guarantee safe use and comply with the
safety of the patient and hospital institutions. This is a narrative study, which sought articles published in
the past 10 years (2009 to 2019), in Portuguese, fully available. The following data platforms were
consulted: BDENF, LILACS and SciELO. Research was conducted through original articles, theses,
dissertations, booklets, collegiate board regulations, regulation of ANVISA and handbook of good
practices, all in the Portuguese language. The data were organized and presented in figures and tables. Of
the 87 articles found, after reading the abstracts, 04 studies met the inclusion criteria and were
thematically specified, classifying the knowledge elaborated on the subject. The research reflects on the
importance of presenting labels and controlling the use of devices to ensure the safe use of the material.
However, there were no Brazilian publications specifically on the theme and, in this sense, quantitative and
qualitative researches on the subject should be developed.

Keywords— Implantable Devices; Patient’s Records; Patient Safety; Traceability; Orthoses and
Prostheses.

I. INTRODUCTION and hemodynamic centers, undergoing tests and procedures
in which the use of orthoses, prostheses and special
materials (OPSM) is essential, and this care aims to meet
the patient with quality and safety. Thus, the quality of
patient care and safety is fundamental to avoid errors,

Hospital institutions aim to meet patients according to
their needs and with hospital procedures and services at
various levels of complexities. In many of these visits,
patients are submitted to specific procedures in surgical

www.ijaers.com Page | 116


https://dx.doi.org/10.22161/ijaers.79.15
http://www.ijaers.com/

International Journal of Advanced Engineering Research and Science (IJAERS)

https://dx.doi.orq/10.22161/ijaers.79.15

[Vol-7, Issue-9, Sep- 2020]
ISSN: 2349-6495(P) | 2456-1908(0)

adverse events and failures, thus increasing the credibility
and reliability of care and the institution [1].

According to the World Health Organization (WHO),
patient safety is the reduction of risk of unnecessary harm
associated with health care to an acceptable minimum,
considering constant components closely related to patient
care. Currently, 4% to 17% of patients admitted to a
hospital unit suffer events, which are not related to the
underlying pathology [2].

Several aspects can be critical for adequate care,
especially regarding the use of implantable equipment and
devices that can adversely affect the patient’s health
conditions. Orthoses can be conceptualized as any
permanent or transient material that assists the functions of
a limb or organ, which does not require surgery. Prostheses
are any permanent or transient material that replaces the
entire or part of a limb, organ or tissue involved in a
surgical act [3].

Brazil (2016) reports that special materials are
understood as any material or device used in the
implementation of OPSM that assist in the diagnostic or
therapeutic procedure, not covering the criteria of orthoses
or prostheses [3].

The Resolution of the Collegiate Board of the National
Health Surveillance Agency n.185/2001 also defines that
implantable medical devices are any medical product
designed to be fully introduced into the human body or to
replace an epithelial or ocular surface, through surgical
intervention, with intended long-term permanence. Also
considered an implantable medical product is any medical
product intended to be partially introduced into the human
body through surgical intervention with intended long-term
permanence [4].

Orthoses, Prostheses and Special Materials are medical
devices used for a range of health needs, such as pain
relief, restoration of mobility, recovery or improvement of
the function of an organ, diagnosis and aesthetic functions
and the fields of application of these products are diverse
and in almost all health areas. Due to its complexity, for
the application of these products, a multiprofessional and
multidisciplinary team is necessary, so that the risks of
handling and using them are eliminated or minimized to
the maximum, as the intended use purpose is reached
safely. For the manufacture of these products, highly
sophisticated technologies are used and strict quality
controls are required [4].

Each or all of these have their own characteristics with
a risk associated with use exposure. The risk corresponds
to a probability of occurrence of an event, which may or
may not cause damage to the collectivity and in the event
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of the occurrence of any problem or complication related to
the device. Thus, there is need to monitor this material,
allowing the identification of particularities of the product
and all its traceability [3].

Several resolutions seek greater control of the use and
monitoring of the quality of these products, ensuring
greater patient safety before a procedure that will use these
materials, the correct supervision of materials, reception of
the product, verification of registration, validity of
legislation, enabling the safe conditions of use, integrity of
the product packaging, the characteristics of the materials,
whether they are reprocessed or single use, the control of
occurrences of adverse effects and the control of the
market are some objectives of traceability according to the
Federal Council of Medicine (CFM) n°1804/2006 [5].

From this, there are two steps to this control. The
primordial phase that is related to the registration of the
product and the knowledge of manufacturing conditions,
which is understood as a step before commercialization.
The second phase is related to the use that affects the
problems to the use of the product, also known as
“Technosurveillance”, after marketing [6].

The Handbook of Good Management Practices of the
OPSM of the Ministry of Health [MS] (2016) defines that
traceability is the ability to trace a history, application or
location of an item through previously recorded
information, as well as related information and its
identification and coding, generating knowledge about its
origin and its final destination. The information should be
inserted in the patient’s medical records, delivered to the
patient and in the tax documentation, which generates
collection to the material, aiming at a supporting effect [3].

For Prestes and Rangel (2007), the definition of
medical records provided for in CFM resolution n.
1,638/02, being conceptualized as an individualized
document consisting of a grouping of recorded information
generated from facts, events and situations about the
patient’s health, of a legal, confidential and scientific
nature, which enables effective communication between
members of the multidisciplinary team and the continuity
of care provided to the individual [7].

Despite its importance and usefulness for the other
functions, the elaboration and general care with such
document are often omitted by the health professionals
who write on it and, when they point, they invariably do so
with negligence, with illegible letter and without the
chronological sequence. A well-prepared medical record
indicates not only the seriousness of the professionals, but
also a true instrument of judicial defense [7].
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The correct management of Implantable Medical
Devices (IMDs) and the reports made in the medical
records are important points for ensuring safety and
exempt non-conformities, thus being important to give
visibility to this theme, since the traceability of implanted
medical devices is a factor that directly interferes with
patient safety and, when not well performed and regulated,
can produce complications to the patient, family, hospital
institution and to whom provided the product.

From this perspective and the reflective exercise of
investigating health issues from the field of management
and control of implanted devices, as well as the recognition
of the importance of traceability labels, the present study of
narrative literature review was motivated. Therefore, this
study aims to verify the predictors that guarantee safe use
and complies with the safety of the patient and hospital
institutions.

1. METHODS

This is a narrative literature review with a qualitative
approach, which has a comprehensive character and
proposes to portray the development of a given theme,
from a theoretical or contextual point of view, through
analysis and interpretation of the existing scientific
production. This synthesis of knowledge from the
description of comprehensive themes favors the
identification of knowledge gaps to support the execution
of new researches. Furthermore, its operationalization can
systematically occur with methodological rigor [8].

To guide this review, the following question was
formulated: “What is the importance of traceability of
hospital medical devices for safety of the patient and
hospital institutions?”. The Virtual Health Library (VHL)
was accessed in the databases: Latin American and
Caribbean Literature (LILACS), Nursing Database
(BDENF), as well as in the Virtual Library: Scientific
Electronic Library Online (SciELO).
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Through advanced search, using the delimiting terms of

99, <6l ELINT3

the search, “traceability”; “implantable devices”, “patient
safety”, “patient records” as descriptors by the integrated
search with the Boolean operator AND and to achieve the
purest and most reliable refinement and data collection in a
period indexed from the years 2009 to 2019, generating a
content based on scientific evidence. This process involved
activities of investigation, identification, study, mapping
and analysis.

After this stage, the articles were directly read by the
abstract, observing that no articles published in Brazil were
found with these descriptors, in addition to documents that
directly address this subject.

The inclusion criteria defined for the selection of
articles were: original articles, published in Portuguese,
whose object of study is of interest to this narrative review
and fully available free of charge in electronic format in
the database, portraying the theme on the importance of
traceability of implantable medical devices, in an indexed
period between 2009 and 2019, as well as theses,
dissertations, booklets, collegiate board regulations,
regulation of ANVISA and good practice handbook [3].

The exclusion criteria defined were: articles published
with complete content not available virtually or in journals
not edited Brazil, experience reports and other integrative
reviews or that did not have all the inclusion criteria.

The selection of studies was based on the Preferred
Reporting Items for Systematic Review and Meta-Analyses
- PRISMA, a four-step flowchart, with the objective of
assisting in the development of articles [9]. The search
strategies used on the databases were presented in the
flowchart (Figure 1).
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g Articles found in databases, LILACS, BDENF,
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(%]

b5

E Duplicate studies removed (n=01)
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a Articles with complete texts to assess eligibility Articles with complete texts
2 (n=63) —> excluded (n=59)

w
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g Studies included in the qualitative synthesis

5 (n=4)

Fig 1: Flowchart of the selection of studies. Recife, Pernambuco (PE), Brazil, 2020.
Adapted by PRISMA [9].

Source: Created by the authors.
. RESULTS AND DISCUSSION

The presentation of the results and discussion of the
obtained data was performed descriptively, with categories
listed for discussion, enabling the reader to evaluate the
applicability of the elaborated review, in order to achieve
the objective of this method, that is, positively affect the
understanding of the objectives of this study.

Two phases were performed to obtain the results. The
first phase was the search for articles, which returned 87
scientific  productions using the  aforementioned
descriptors. Of these, 66 presented complete text and met
the inclusion criterion related to the language, which was
Portuguese.

Of these 66 selected productions, 64 met the inclusion
criteria when classified as article. Of these, 01 was
available in more than one database, justifying its
exclusion, remaining 63. After reading the titles and
abstracts of these productions, 59 were excluded for not
answering the guiding question of this study. Therefore, 04
remained, which became part of the analysis of this
narrative review study.

After the selection of articles, a second phase began, in
which there was a direct reading of the works of master’s
dissertations, institutional booklets, regulations of the
National Health Surveillance Agency (ANVISA), sources
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of regulations of medical and nursing councils, books,
technical standards and handbooks of good practices in
OPSM [2,3,5].

Data analysis was through Minayo’s theme technique
(2007), which is the discovery of the meaning cores, which
consist of the communication about periodicity or the
presence of some meaning for the object that will be
explored. This method of analysis consists of three stages:
pre-analysis, which is the organization of the obtained data;
the exploration of the material, which classifies the
elements in order to reach the core of the understanding of
the text through the formulation of categories and the
treatment of the obtained results and interpretation, which
articulates the data assimilated to the theoretical
framework, aiming to answer the research questions [10].

The results of these studies show that the subject is
scarcely discussed and has been complemented with norms
and handbooks. The table describes the titles, authors and
objectives of the article that composes the sample of this
work.
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Table 1: Results found in studies according to title,
authors, year of publication, and objectives that make up
the sample. Recife, Pernambuco (PE), Brazil,
2020.

TITLE AUTHOR/YEAR
OF
PUBLICATION

OBJECTIVES

Al - Incidence of in- To evaluate the quality of information in the
hospital adverse events

in the state of Rio de | Pavio et al., (2011)

medical records of three teaching hospitals in
the state of Rio de Janeiro, which
Janeiro, Brazil: participated in the baseline study to estimate
evaluation of patient the incidence of adverse events (AE) and the
medical record [11]. importance of developing measures aimed at
improving the quality of the medical record,
as these will reflect on the quality of patient

care.

A2 - Nursing care and To analyze the contribution of nursing to
the focus on patient Silva, et al., (2016) | patient safety in Brazil. The study highlights
safety in the Brazilian the existence of positive actions and the
scenario [12]. reduction of incidents concerning patient
care and safety.
To highlight the evaluation of potential flaws

Moraes C.8; Rabin in the OPSM care work process in a high-

A3 - Assessment of the

care process with

orthotics, prosthetics E.G; Viggas K., complexity hospital. It stresses points in the
and special materials (2017) process that can be critical and important for
[11. adequate care and that any failure in one of

these steps can result in the absence of
OPSM availability and affect directly and
negatively on the patient’s health condition.

A4 - Patient safety Benrens, R, (2019) | The article highlights the lack of protection

approached from the
rights of users [13].

and respect for the user’s rights, the evidence
that the participation and the possibility of

the patients’ participation in the treatment

and the rights justifying it.

Source: Created by the authors.

As for the objectives of the authors, even with different
themes, somehow, all of them focus on patient safety, thus
linking the other themes as importance of the report in
medical records and that, through these records, adverse
events can be observed and methods can be traced for the
quality of care and reduction of risks and the patient’s
right. However, there are still few publications, agreeing
with Moraes, Rabin and Viégas, (2018), the importance
and need for researches contributing to this process [1].

For a more detailed view, Table 2 shows the titles,
authors and objectives of dissertations clearly addressing
the flawed points and gaps of nonconformities.
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Table 2: Results found from dissertations according to
title, authors, year of publication, and objectives that make
up the sample. Recife, Pernambuco (PE), Brazil, 2020.

TITLE AUTHOR/YEAR
OF
PUBLICATION

OBJECTIVES

D 1 - Assessment of the

The work analvzes the failures in the
Moraes, C.S., OPSM process of a hospital and the
prosthetics and special (2014)

materials [14].

care process with orthotics,

impact of these failures regarding the

lack of registration. standardization of
materials and pre and post audit

analysis.

The work shows the importance of
D2 - The traceability of Cabral. TA . (2019) | systematizing and analyzing nationally
implantable medical and internationally the importance of
devices and the unique DMI’s traceability and the Unique
identification system: A Device Identification, showing the

bibliometric study [6]. increase on this theme.

Source: Created by the authors.

The two authors are complementary by mentioning
failures at the beginning of the device management process
until the final process, bringing inconsistency and risk to
patients and hospital institutions.

From the analysis of the themes of the articles,
dissertations, ANVISA regulations, CBRs, publications of
public consultations, good practice handbook, books and
booklets, three thematic categories emerged.

Ensuring surgical health products that meet the safety
of patients and hospital institutions:

IMDs have had an important rise in health and this is
punctuated by the increased number of elderly people,
incidents of violence and occurrences and accidents in
general. In the past, the ease of use of these devices was
unmeasured, because these materials were not subject to an
evaluation and certification of their consumer, the prices
charged in the market changed and ended up affecting and
reaching public or supplementary health costs [15].

According to Brazil (2015), this ease gave scope for the
occurrence of crimes of component tampering and
falsification of materials in the manufacture of products,
causing adverse effects and serious health complications,
ranging from simple damage to irreversible losses, fraud of
indications to unnecessary surgeries and materials with
incorrect indication, changes of records in medical records
in the quantity used, use of expired materials, fraud in
budget and bids and overbilling, thus violating the
principles of safe surgery and compromising patient safety
[15].
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These practices violate the ethical and professional
code and are characterized as a heinous crime by the
Brazilian Penal Code, Law n. 9677 of JULY 2, 1998, Art.
273, item 1B.

The fundamental principles of the code of medical
ethics, cites medicine, which cannot, under any
circumstance or form, be exercised as a trade, and medical
work cannot be exploited by third parties for profit,
political or religious purpose. The doctor is forbidden to
practice or indicate unnecessary acts or prohibited by the
legislation in force in the country and exaggerate the
severity of the diagnosis or prognosis, complicate the
therapy or exceed the number of visits, consultations or
any other medical procedure, thus providing a mercantilist
exercise [15].

According to the fact, in recent years, the use of these
materials was hesitated by economic and financial unrest
and, for safe processes of the devices, there was need to
have a responsibility behavior of all those involved in the
process of these products, from their manufacture, storage,
use to their disposal [15].

In view of the above case, measures were taken to
contain the health risk and guarantee the safety of users of
these materials, the collection of devices with questionable
quality, impositions for the implementation of good
practices through regulations, clarification and guidance
for the activation of technosurveillance [3].

Thus, it is possible to promote an increase in technical
notifications of products and adverse events in the
NOTIVISA (Health Surveillance Notification System)
system, the creation of the sentinel network and the
grouping of registers divided by groups and subgroups,
since the existence of the huge variety of categories and
subcategories of identification of these products is a
complicating factor, either in the regulatory sphere or in
health services, actions were promoted in order to avoid
surgeries with products of non-conforming characteristics
for their use and damage to the patient [3].

The table below synthetize regulatory resolutions
regarding the promotion, protection of patient safety and
traceability of IMD materials. These CBRs are published
by ANVISA in the Official Gazette and are available at the
electronic website of the National Agency [4].
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Table 3: Anvisa’s Collegiate Board Resolution (CBR).
Recife, Pernambuco (PE), Brazil, 2020.

ANVISA COLLEGIATE
BOARD RESOLUTION

THEMATIC

CBRN.36 OF APRIL 06, 2001

Establishes essential safety and efficacy requirements

to be met by health products.

CBR N. 185 OF OCTOBER 22,
2001

Approves the Technical Fegulation contained in the
annex of thiz Resolution, which regulates the
registration, alteration revalidationand cancellation of
the registration of medical products at the National
Health Surveillance Agency - Anvisa.

CBR N. 136 OF AUGUST 11,
2006

Defines and regulates medical products with forbidden

and allowed reprocessing.

CBR N. 2605 OF AUGUST 11,
2006

Establishes the list of single-use medical products with

forbidden reprocessing.

CBER N. 185 OF OCTOBER 13,
2006

Deals with the regulation of economic information and
health products, checking the market price, the

intended number of patients, the pnce of the domestic

and worldwide market.

Institutes the technical regulation with the general

requirements for grouping in families and orthopedic
CBRN. 39 OF AUGUST 23, 2008 | T
implant systems for registration purposes.

Provides forthe management ofhealth technologies in

CBRN.2 OF JANUARY 25,2010 -
health facilities.

Institutes the technical regulation with the
requirements for groupingmaterials used in health for
CBRN.14 OF APRIL 3, 2011 L . .
registration with ANVISA and adopts traceability
labels for implantable products.

CBR N. 63 OF NOVEMBER 25, | Provides for Good Operating Practice Requirements

2011 for Health Services.

Provides forthe mandatory execution and notification
of field actions by health product registration holders

CBRN. 23 OF APRIL 4, 2012 . ;
in Brazil.

CBRN.36 OF JULY 23,2013 Institutes actions for patient safety in health services

Source: Created by the authors.

These regulations, technical standards and the
handbook of good practices ensure the use of these
materials, preventing the patient from undergoing a new
procedure, and, after his/her hospital discharge, a better
quality of life with a warranty of the implanted product.
The adequate control and efficiency of OPSM are
significant for ensuring adequate care and a legal
obligation of health operators. The adherence of measures
that ensure that traceability labels with the necessary
information follow ANVISA standards belongs to them,
and patients are allowed to know about the technical
specifications of OPSM, the tracking from its manufacture
to its final use, enabling information whenever necessary if
there is need to investigate an adverse event or product life

2.
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The importance for increasing safety in medical
hospitals and health professionals:

Patient safety is the responsibility of hospital units and
all health professionals that provide direct care. Even
before a patient’s admission to perform a surgical
procedure, a process is already in progress and, when there
is admission for the performance of this procedure, there is
a complement of this care until the hospital discharge [1].

For Moraes (2014), the sectors involved are the
preoperative authorization center, scheduling, OPSM
center, responsible for receiving and returning the devices,
sterilization center, operating room, hemodynamics,
postoperative authorization and hospital technology and
there are a variety of critical processes for this care and any
failure in one of these steps can directly affect the patient’s
care and procedure and hospital expenses, thus causing a
high cost to the institution [14].

In view of the above, initial failures of technical
knowledge of the responsible for the surgical scheduling
and the incorrect indication of the product by the doctor in
the scheduling, the material inaccurately registered in the
system, information unavailable for the areas involved,
failure to identify the product received, wrong or
incomplete material are extremely important points for
breaching patient safety, thus, for institutions that work
with implanted devices, there is need to maintain an
effective cycle, a controlled management with all the
requirements of current legislation [14].

The registration of the products present in any of these
stages of management will be denied in case of non-
complied conditions, requirements or procedures for such
purposes provided for by Law, regulation or instruction of
the competent body, according to Law n. 6360 of
SEPTEMBER 23, 1976, in Art. 15.

In order to have greater control over these
aforementioned processes, addressing crucial points and
educating the relationship of these processes provides a
greater guarantee of the safety of the procedure performed
and patient safety through traceability of materials. These
controls are obtained in the pre-audit, device management
and post-audit phases, according to the table [2].
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Table 4: Regulatory instructions and good management
practices for IMDs. Recife, Pernambuco (PE), Brazil, 2020
[2,3].

HEALTH AUDIT AND REGULATION
PROCESSES

HEALTH AUDIT AND
REGULATION STEPS

Verify if the requested procedures are included in the
ANS list;

Check if the material is compatible with the procedure to
be performed;

PRE.AUDIT Analvze if the procedure is compatible with the clinical
case:

Check if the listed materials are technically equivalent;
Research on products by ANVISA (product models.
process. product origin. risk class and validity), ANS

and evidence-based studies.

Verification of the material ordered with the material
delivered. documented and registered.

Electronic receipt presentation and supply authorization.
OPSM MANAGEMENT
Check and record the information of receipt number,
code, quantity, validity, lot, value, CNPJ, legal names of

the manufacturer and suppliers.

Registration of doctors in a surgical report and in the

patient’s record, mandatory use of traceability labels and
POST-AUDIT
packaging in each document and receipt.

Carry out in-place audit for verification and control.

Source: Created by the authors.

The access to these IMDs, aid equipment and
accessories in establishments must be checked and
documented. They must be delivered with Auxiliary
Electronic Receipt (Danfe) and Supply Authorization (SA),
belonging to the person responsible for this function to
make the provisional or definitive reception according to
Articles 15 and 73 of Law n. 8,666/1993. After the
reception, the information recommended in the
organizations containing receipt, code, quantitative,
validity, lot, value, CNPJ and legal names of the
manufacturer and supplier must be recorded [3].

This activity ceases the risk of incomplete information,
avoiding using divergent material, ensuring the possibility
of a safe procedure, unifies and facilitates communication
between all involved, avoiding possible failures in this
stage [1,14].

Health professionals, such as the doctor, are responsible
for the procedures performed, the use of implanted devices
and the prohibitions according to the CFM (2000); Brazil,
(2006) and Brazil, (2010). Nursing professionals are
responsible for most of the actions and care provided to the
patient, obtaining an excellent condition for reducing
incidents and complications and better contributing
through control and checking, reducing possible failures
[5,12,16,17].

According to the Brazilian Society of Nurses of
Surgical and Sterilization Center, to check the implantable
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materials necessary for the procedures and verify the
availability and functionality of materials, instruments and
equipment for performing the surgical act are the nurse’s
function. The MSC nurse must define and regulate
deadlines for receiving sterilized and reprocessing
products, and the nursing technician is responsible for
checking these materials, availability, the guarantee of
records and the traceability of the implanted IMDs [1].

The IMD used should be recorded by all healthcare
professionals related to the procedure, in the room expense
report, in the surgical description and in the patient’s
medical records, and this information should contain
quantity, size, traceability labels contained in the product
packaging and in Danfe. The surgical description is the
responsibility of the professional who performs the surgical
act and should contain the steps performed and the
relationship of the IMDs [3].

Inadequate documentation or lack of information in the
medical records may be related to an adverse event,
because it is responsible for providing the necessary
information for the specific and appropriate care of each
patient [11].

Identification labels are fundamental as a supporting
document for the implantation of the devices. The supplier
must give possession of 05 traceability labels with the
essential information for tracking and should be fixed in
the patient’s medical records, delivered to the patient,
attached in the receipt documentation, made available to
the supplier and surgeon. The information must contain the
name or business model, identification of the manufacturer
or importer, product code or voucher in the system, making
number and Anvisa registration number (2017) according
to CBR n. 14, of April 5, 2011. When there is
incompatibility or excessive amount used between the uses
of OPSM, the professional should report a mandatory
technical and plausible justification [18].

The IMDs with non-complied packaging, such as
deteriorated, open or contaminated not used in the surgical
procedure, should have their loss justified [3]. According
to Art. 4, the attending physician, directly responsible for
the procedure, is obliged to communicate to the technical
director any defects or failures in the quality of the product
or in his/her implanting instruments.

The post-procedure conference is carried out through
an audit, being essential to ensure the veracity of the
information, observing legible surgical description,
imaging examinations, the conference of the attached label,
which must be identical to the authorized material [3].
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The importance of product control for health after
registration, market control and patient rights:

Ramos (2017), mentions that the control of health
products and their traceability are extremely fundamental
and important for patient safety. The lack of this control
provides a huge gap for the reverse objectives. Performing
unnecessary implants, employing more expensive
technologies, even without recommendation for use or
bringing necessary benefits, using unnecessary quantity of
products and defrauding reports to collect unused products
are events that evidence the lack of quality of the
procedure and risks to the patient [15,19].

For the Institute of Supplementary Health Studies
(2018), it is clear that management efficiency reflects in
the control of waste and allows greater investments for the
benefit of the assistance itself, diagramming the use of a
certain input, or preventing mistaken or hasty indication,
while still providing assistance when necessary [20].

The patient has the right to have access to the necessary
information and health care services, consent or refuse
voluntarily and with adequate prior information regarding
the diagnostic and therapeutic procedures to be performed,
have a second opinion or opinion of another professional at
any stage of treatment and may change doctors or
institutions, if not feeling safe, and have access to clear and
accurate notes in the medical records of all relevant
information about his/her health. Patient rights are basic
rights known by users of health services, offering safe and
quality care [4].

According to the WHO recommendation in resolution
adopted at the 55th and continued at the 57th World Health
Assembly, Brazil instituted the National Patient Safety
Program (PNSP). The program was created by Ordinance
529/2013 of the Ministry of Health, and, among its
objectives, presented in article 3, item Il, is involving
patients and family members in safety actions [21]. One of
the main guidelines of this program is the establishment of
protocols by the health service, including patient
identification, surgical safety and incidence notification.

Implants can be permanent or removable and the risks
associated with their insertion can be during surgery with
the placement or removal of IMDs, infection, reaction to
the materials of the devices or implant failure, thus the
absolute control of these IMDs allows issuing a
Technosurveillance alert [2].

Brazil (2017), aiming at quality control and care safety,
the implanted OPSM must be permanently monitored. The
professional must record the occurrence in an appropriate
form when the IMD present some quality change, so that
the supplier allows exchanging or returning and the
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institutions must communicate the occurrence and these
failure events to ANVISA through the notification system
of this body [4].

“NOTIVISA is a computerized system to receive
notifications of adverse events and technical complaints of
products and services under sanitary surveillance” [4].

NOTIVISA received only information associated with
the use of products under health surveillance, but with the
publication of CBR 36/2013, which establishes patient
safety actions, the system began to receive notifications of
incidents and adverse events not only associated with the
use of products, but also related to the provision of health
care. Complaints of adverse events such as failures during
the surgical procedure and technical complaints associated
with deviation of product quality, counterfeit product,
unregistered product, irregular advertising, companies
without COA, are notified in order to reduce fraud,
avoiding the compromise of quality and patient safety, as
well as promoting actions to protect public and private
health [4].

The absolute control of these products through
mandatory registration in ANVISA and traceability
provides the investigation if the occurrence is isolated or of
a whole making, resulting in a request for the return of a
making or an entire line of products made by the
manufacturer [21].

For Bergamine (2019), it is not uncommon for the
patient to undergo a new surgery and not know what type
of device has been used, and, to avoid this type of
exposure, traceability labels are necessary because it
allows the localization of information about the product,
minimizes losses and costs for the institution, reduces the
risk if there is need for new devices and serves as a support
in case of an eventual indemnification. The traceability
label is also important until after hospital discharge,
because it serves as a means of proving that the patient has
a device once one may need to present this information
[21].

IV.  CONCLUSION

This study showed that a safe procedure is fundamental
for the patient’s quality of life and the responsibility of
hospital institutions.

Nursing care is indispensable to promote this type of
care, because it is the link of information among other
health professionals, bringing possibilities that can lead to
changes in the process and outcomes. It is essential to
follow patient safety protocols according to their steps and
we can observe in this study that effective communication
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and safe surgery are important points when an institution
actively works with IMDs.

Seeking the best result before the use of these devices,
there is need to maintain a clear, truthful and accurate
information that meets all the requirements of the current
legislation, and, through the traceability of these implants,
control policies and improvements can be outlined for the
patient.

Therefore, controlling, evaluating, investigating,
certifying and documenting are actions that avoid incidents
related to adverse events and problems of composition, raw
material and product quality, and, once notified, ensure
legal support of health professionals and hospital
institutions. They also enable parameters for the control of
material in the market, avoiding possible complications,
and serves to outline goals and public health policies to
cease these incidents.

The doctor is responsible for informing the patient of
the need to implant the devices and the procedures that will
be performed, in addition to explaining the particularities
and their routines after the procedure, as well as guiding
with essential information and without any doubts,
ensuring that the patient and his/her family have a safe
return to home, since the patient has the right to receive the
traceability label as a document supporting the use of the
material or as information whether a new procedure is
necessary.

The research reflects on the importance of presenting
labels and controlling the use of devices for patient safety,
health professionals and hospital institutions, suggesting
quantitative and qualitative researches on the subject.
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Abstract — In reservoir simulation, the most known well-reservoir coupling technique is based on the
Peaceman’s equivalent radius, which is applied on the productivity index computation, that is used to
relate flow rate, wellbore pressure, and the mesh block pressure. Original Peaceman’s model considers
the assumption of steady-state flow, leading to an artifact on the calculation of the wellbore pressure,
called numerical wellbore storage. This artifact is more significant for coarser meshes and initial time
instants, and it is also a function of fluid and rock properties. In this context, we have implemented and
compared different Peaceman’s technique extensions for productivity index calculation incorporating
transient effects to prevent numerical wellbore storage. We have also considered some production

scenarios for a vertical well and single-phase oil flow.

Keywords — Numerical storage, Peaceman’s equivalent radius, Transient well index, Well-reservoir

coupling.

. INTRODUCTION

During the 1960s, the term Numerical Simulation
of Reservoirs became common in the oil industry [14],
referring to the use of physical-mathematical models
and computational tools to predict the performance
of hydrocarbon reservoirs under different production
scenarios. According to Dumkwu et al. [16], Numeri-
cal Reservoir Simulation has become an ally in Reser-
voir Engineering, and we use it in decision making that
involves many financial resources, in estimating un-
derground reserves, and to forecast and improve per-
formance production of reservoirs in the oil and gas
industry. This work focuses on the calculation of pres-
sure estimates in wells, using well-reservoir coupling
techniques.

1.1. Determination of pressure in oil wells
Petroleum is the name given to natural hydrocar-
bon mixtures that can be found in the solid, liquid, and
gas phases, depending on the pressure and temper-
ature conditions. In nature, oil can appear in only one
phase, or it can appear as a multiphase mixture in
equilibrium [30]. In many cases, the fluid phase in the
reservoir depends on the thermodynamics properties
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of the fluid produced at the surface. Knowledge of the
behavior, under pressure and temperature variations,
of oil, natural gas, and water, alone or in combina-
tion, is of fundamental interest to Petroleum Engineer-
ing [14], whether under static or moving conditions, in
the rocks of the reservoir or ducts.

Over the years, Petroleum Engineering has rec-
ognized the need for accurate information related to
physical conditions in the well and inside the reser-
voir. With the initial progress in oil recovery methods,
it became clear that calculations made with informa-
tion from the surface or the top of the well could of-
ten lead to misunderstandings. Sclater et al. [33] de-
scribed the first pressure value record at the bottom
of the well and fluid collection in the well, under pres-
sure, for sampling. These same authors define rock
bottom data by referring to pressure, temperature,
gas-oil ratio, and the chemical and physical nature
of the fluid. Millikan et al. [21] highlighted the need
of accurate wellbore pressure measurements when
they described the first accurate pressure gauge, and
they pointed to the fundamental importance of well-
bore pressure knowledge for Petroleum Engineering,
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in search of more efficient recovery and lifting proce-
dures. Based on this contribution, we were able to
measure pressure, which is essential information for
reservoir performance calculations [14].

The Well Testing Analysis is the engineering
branch which obtains estimates of properties of the
well-reservoir system from wellbore data under pro-
duction/injection conditions, as well as through the
application of inverse problems. We are interested
in the pressure variation in the well as a function of
time. We accomplish this by measuring the pressures
at the bottom of the well and the flow at the surface,
for example. From the measured pressure response,
it is possible to determine reservoir properties useful
for planning the completion of the well or the reser-
voir depletion plan [35]. During a well test, we can
create a transient pressure response by a temporary
change in the production rate. The well response is
usually monitored for a relatively short period, com-
pared to the reservoir life, depending on the test ob-
jectives. For estimates involving regions around the
wells, we often carried out tests in less than two days.
In the case of tests to analyze the reservoir bound-
aries, it may take several months to register pressure
data [20].

It is usual to use analytical solutions to interpret
the results of pressure tests in wells. Theis [37] pro-
posed one of the first theoretical solutions for deter-
mining the well pressure, depending on the flow rate
and the duration of production. Considering the one-
dimensional flow in the radial direction in a reservoir
described in Cylindrical coordinates, producing at a
constant flow ¢, (defined in standard conditions, neg-
ative for production and positive for injection), from the
initial time ¢=0, the analytical solution for the pressure
in the reservoir in a radius r is given by [30]:

o qscBN 1. _(ZSIJ/CH’Q
plrt) =+ et [, (2] )

where p; is the initial pressure of the porous medium,
u is the viscosity of the fluid, & is the permeability
of the medium, & is the reservoir thickness, F; is
the Integral Exponential Function, ¢ is the porosity of
the medium and ¢, is the total compressibility that in-
cludes the contribution of the fluid (c,) and rock (c4)
compressibilities (¢; = ¢, + ¢g).

For small values of the argument (X < 0.025),
the integral exponential function can be approximated,
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with an error of less than 1%, by [26],

E;(—X) 2 In(\X), (2)
where A = exp(0.57722), and 0.57722 is the Euler
constant. Thus, the pressure in the well (p.,¢) is ap-
proximated by

~ . 4scBp Aopc,ry,
Pus(t) = pi+ S [ 1n( T ; (3)

where r,, is the radius of the well.

Throughout the years, researchers have devel-
oped models for more complex reservoirs. However,
there are many situations for which analytical solu-
tions do not exist or are difficult to obtain. Hetero-
geneous reservoirs with irregular borders and with
complex well geometry are examples where numeri-
cal simulation is the alternative to determine transient
pressure responses.

1.2.  Numerical reservoir simulation
As already said, we often use reservoir simulation

models in the oil and gas industry. The reasons for
such acceptance are due to some advances [17]:

1. in computing (particularly concerning the speed
of processing and the increase in the storage
capacity of computers);

2. numerical techniques for solving partial differen-
tial equations (PDEs);

3. reservoir simulators suitable for use in modeling
field cases;

4. reservoir characterization techniques, among
other factors.

The ultimate goal of a numerical simulation study
is to accurately predict flow and pressure in the well
and estimate pressure distributions in the reservoir
(and saturation, in the multiphase case). When we in-
tend to incorporate well modeling in reservoir simula-
tion, some difficulties appear, which we can separate
into three main categories [17]:

1. The cell of the computational mesh that contains
the well is usually large compared to the well-
bore radius, due to the discrepancy between the
spatial scales involved. The average diameter
of the production/injection well is about 10 cm,
while the dimensions of a reservoir can be kilo-
meters. Therefore, the cell pressure calculated
is a poor estimate of the pressure in the well;
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2. Coupling is a complex interaction between the
reservoir (porous medium) and the well (a
duct), particularly in the case of wells that pass
through several layers of the porous medium;

3. There are difficulties in describing the well-
reservoir coupling in the multiphase flow when
the total production flow of the well is specified.

It is also worth noting that there is a variation in
the time scale, with phenomena involving strong pres-
sure gradients that may occur in short periods, such
as fractions of an hour, and border effects (such as, for
example, pressure drop at the reservoir boundaries
concerning the initial pressure) that may take months
to appear. These times are a function of the charac-
teristics of the well-reservoir system. Other problems
can also arise when considering the location of the
producer/injector well displaced from the center of the
cell, or even when there are several wells in a cell in
the computational mesh.

The well-reservoir coupling model appears as a
central component in reservoir simulation. Peaceman
[26] introduced a well-known and commonly used
model, which considers that the flow between the
reservoir and the producing well is steady-state. Ex-
tensions were also created, for example, for the case
of anisotropy [27], the incorporation of transient ef-
fects [9], and techniques for horizontal wells [2]. Al-
though this coupling model provides suitable results
for reservoirs in a wide range of applications, including
their extensions, it introduces a phenomenon called
numerical storage (due to the similarity of the results
when considering wellbore storage, although it does
not correspond to the physical behavior in the well)
for the initial instants, and the application of method-
ologies to circumvent this numerical issue is the main
objective of this work.

Therefore, this work aims to implement a model
for a transient coupling of the well-reservoir system to
minimize the phenomenon of numerical storage orig-
inating from the steady-state well-reservoir coupling,
using the technique of Peaceman [26]. We consider
here a single-phase flow, of a slightly compressible oil,
in a reservoir containing a vertical producer well that
penetrates the entire oil reservoir. We also use a poly-
nomial function, with low error and wide application
range, when calculating the integral exponential E;.
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Il. FLOW MODELING IN POROUS MEDIA
In this work, we consider the following hypotheses
for the flow in the porous medium:

1. the porous medium is homogeneous and
anisotropic in terms of its permeability;

2. porosity is a linear function of pressure;

w

the compressibility of the rock is small and con-
stant;

the fluid is Newtonian and slightly compressible;
the fluid has a constant chemical composition;
there are no electrokinetic effects;

there are no inertial or turbulent effects;

the flow is single-phase and isothermal;

© ©® N o o &

there are no chemical reactions.

2.1. Governing equations

The continuity equation is a mass balance equa-
tion so that the difference in mass entering and leav-
ing a control volume must be equal to the accumula-
tion of mass within the control volume in a given time
interval. In oil reservoirs, the control volume is a por-
tion of the porous medium that can contain one, two,
or three phases of fluid [17]. It is worth mentioning
that we consider the porous medium as a continuum.
So, we define the physical properties, at any point, us-
ing the concept of Representative Elementary Volume
(REV) [41]. For single-phase mass flows in a porous
medium, we can write the continuity equation in the
form:

O (60 + V- (pv) — 2 = @

where p is the density of the fluid, v is the apparent
fluid velocity (flow rate divided by the cross-sectional
area), ¢, is a source term representing the production
or injection of fluid, and V}, is the volume of the rock
(solid material plus pores).

We can also write the continuity equation in terms
of the formation volume factor [17], B = ps./p, as

A%

0 [ dm

Il ) - = 5
5t<B>+v (B) Vipse 0 )
where the sc subscript indicates the standard condi-
tions.

The civil engineer Henry Darcy, in 1856, through
experiments of vertical water filtration in columns of

Page | 128


https://dx.doi.org/10.22161/ijaers.79.16
www.ijaers.com

International Journal of Advanced Engineering Research and Science (IJAERS)

hitps://dx.doi.org/10.22161/ijaers.79.16

[VolI-7, Issue-9, Sep-2020]
ISSN: 2349-6495(P) | 2456-1908(0)

homogeneous sand, obtained the first equation used
to describe the movement of fluids in porous media.
This equation was later called Darcy’s law. It is an
empirical relationship between the mass flow rate of
fluid through a porous medium and the potential gra-
dient, defined in the form [15]

v
—Ve =, (6)
where K symbolizes the hydraulic conductivity of the
porous medium, which combines fluid and medium
properties, and V& is the potential gradient, defined

as [17, 301,
V& =Vp—+:VD (7)

where v¢ = pg, g is the magnitude of the acceleration
due to gravity, and D is the depth (positive in the ver-
tically downward direction). Later, Darcy’s law could
be deduced mathematically from the balance equa-
tions that govern the single-phase flow of a Newtonian
fluid [40].

Rewriting Darcy’s law in terms of the properties of
the fluid, we can express the surface flow velocity as

v=~{ﬂVp—vam (®)

where k is the absolute permeability tensor.

From the definition of the compressibility coeffi-
cients of the rock and the fluid, it is possible to rewrite
the transient term of Eq. (5) in the form

0 (¢ _ ,4(1\op 1dodp
8t<B> - ¢dp<B) ot " Bdp ot
d (1\ 1dé]op
3 (5)* 55 &
o ¢Co Cqbd)o @
= <Bo+ B )8t’ ®)

where we considered that ¢ = ¢(p) and B = B(p) and
that [17]

¢ =9 [1+cy(p—p°)], (10)

p=p"[1+colp—1°)], (1)
BO

B= a1 12)

www.ijaers.com

_ 10
FE T el ) (13)

where the superscript 0 indicates the reference con-
ditions, and c,, is the coefficient of variation of viscos-
ity, and we assume that ¢, and ¢4 are small and con-
stants.

We obtain the Hydraulic Diffusivity Equation (HDE)
by combining Darcy’s law with the mass conservation
equation. Now, writing Eq. (8) in terms of its compo-
nents,

kg dp oD
ky ( Op 0D>
vy=—|—=+p 15
v \Tay Ty (15)
ke Op oD
Uz—g < 82+p‘q@z)' (16)

In turn, we can write the conservation equation as

0 0 - 0 0 2 m
m<g>:‘m(2)‘w(g)%wﬁﬁ+£mg
(17)

Next, we multiply Eq. (17) by V4, = dzdydz,

0 (o 9 (wAN, 0 [(vA,
me() - ax<3)dx ay(B dy
0 v A, dm
—82< = )d 2, (18)

where A,, A,, and A, are, respectively, the areas of
surfaces normal to the -, y- and z- directions.

Then, replacing v, vy, and v, and using the defi-
nition gs. = ¢ /psc We finally obtain

o (¢ _ 0 [Ayky (Op 0D
Vbat< ) = 9z | uB (8x axﬂdm
9 [Ayky (Op oD
Ty | uB (31/ "oy W
0 [Ak, (Op oD
*apu3<w”&)hz
+ Gse- (19)
Now, using the result obtained in Eq
r ap 0 [Agks
Yot T ox ,uB 836
0 ap ﬂ
+ = d
9y | uB < Ay Y
0 [ALk
. zivz 2
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where the T, coefficient represents the compressibil-
ity effects of rock and fluid, given by

0
r, =i (7 + ). 21)

B

Incorporating the gravitational effects in the term
I, we can rewrite the HDE as follows:

g (ig gp> dz + goe + Tar (22)
where
I'e = % (PQ%S) dz + 8%/ <Pgaaly)) dy
T <_pg?£> 0z (23)

2.2. Initial and boundary conditions

To solve Eq. (22), we need to provide the appropri-
ate initial and boundary conditions. As an initial con-
dition, we take

p(w,y,z,t:O) = Pini (:anvz)v (24)

where p;,,; is the initial pressure distribution before the
reservoir is disturbed by fluid production/injection.

As external boundary conditions (external borders
of the reservoir), we can use prescribed pressure or
flow rate. For a sealed rectangular parallelepiped
reservoir of edges L, L, and L., we have

(&) -G (E) L,
aﬁC r=0,L, 8y y=0,L, 32 2=0,L,

(25)

2.3. Source term

In the numerical simulation of reservoirs, wells are
considered internal boundaries, and, in the case of
the use of Cartesian coordinates, the term source,
used to represent wells, is directly related to the use
of well-reservoir coupling techniques. We can impose
these boundary conditions specifying the pressure in
the well (Dirichlet condition) or the flow rate in the well
(Neumann condition) [17].

For the representation of wells, it is necessary to
obtain an expression that relates the pressure in the
porous medium, p, with the pressure in the well, p,,,
and the flow rate in the well, ¢;.. As an example of

www.ijaers.com

how we can use expressions of this type, we assume
steady-state flow in the region close to the well. Fur-
ther, we consider the radial flow of an incompressible
fluid towards the vertical well of radius r,,, in a rock for-
mation with uniform permeability and thickness. So,
assuming these conditions, it is possible to write [17]:

7271’th7“@

B or (26)

dsc =
where kg represents the permeability value in the ra-
dial direction.

Integrating Eq. (26) between the radius of the well,
rw, and an arbitrary radius, r, where r, < r < r. (re
is the external radius), it is possible to obtain an equa-
tion for the pressure distribution for the steady-state
well-coupling,

gscpiB T
= — In{— . 27
P=Puf =5 kuh n<rw) (27)

For r = r., where we define the pressure as p., we
can rewrite Eq. (27) as

727T]€Hh

Gsc = . (Pe — Pwy) (28)
uBln <e)

Tw

so that Eq. (28) provides the well production in terms
of external and well pressures.

In general, we express the production rate, under
standard conditions, using the pressure of the well
and the average pressure of the reservoir [17]. From
the development of Van et al. [39], for a reservoir de-
scribed in Cylindrical coordinates, considering the av-
erage volumetric pressure in the oil reservoir, p, be-
tween r,, and r., and even though r. > r,,, we have

—27kmh
Gsc = N7 (P~ pur), (29)
uB [ln <€) +s5— }
Tw 2

which differs from Eq. (28) only b