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Abstract— The issue of strategic planning for public security is recent in
Brazil. Rondénia is no different. The question is whether the State's
strategic planning includes approaches that characterize its mesos and
micro-regions, from a reading brought by the construction of crime and
social vulnerability indexes. Thus, the general objective of this research
was to analyze the crime and social vulnerability indices of the
municipalities of Rondbnia, aggregating them in the micro and
mesoregional perspective, in order to build a new vision for the strategic
planning of public security at the state level. For this, the hypothetical-
deductive method was adopted, as a line of reasoning. The methodology
consisted of collecting data on secondary databases from official sources.
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Data were collected following the municipal logic aggregated by micro-
regions of Rondbnia. For the treatment of the data, the statistical tool
SPSS, version 23, was used as an instrument to calculate the crime and
social vulnerability indexes, based on the multifactorial analysis
technique. It was possible to verify that the micro-regions of Porto Velho
and Guajara-Mirim concentrated, on average, the highest rates of crime
and social vulnerability, respectively. The two micro-regions highlighted,
as already demonstrated, are inserted in the Madeira-Guaporé
mesoregion. It is considered essential that public security strategic
planning in Ronddnia adopts meso and micro-regional technical criteria
using quantitative and / or qualitative data subject to comparative
analysis, like the one brought by the research, aiming to facilitate the
decision making process in with regard to establishing different strategies
to be taken in relation to the regions and their specificities that make them

unique and specific, requiring different views for different scenarios.

. INTRODUCTION

When starting this work, we sought to analyze the
issue of public security in Ronddnia based on the logical
construction line brought by Cavalcante[1]. This level of
understanding allowed the context of the motivating
impact of this research to be reached. Thus, based on the
Rondonian meso and micro-regional view, Cavalcante
[1]reinforces the existence of two very different realities at
the state level that, in some way, have been impacting the
respective societies linked to each of these regions of
Rond6nia. But, knowing this scenario, it is necessary a
historical synthesis brought by the aforementioned author
that we consider important to insert the reader in this
context. That said, throughout its history, the state of
Rondonia was consolidated due to events that marked not
only the intrinsic context of its territory, but the result of a
broader scenario, both nationally and internationally. To
begin this line of thought, we must first emphasize three
moments that, in our view, marked institutional life in this
portion of the Western Amazon.

Adopting a temporal and spatial cut, the first
moment, with a direct impact from the geopolitical point
of view of the country, we can mention the issue of gold
exploration in the Guaporé region, in the early 18th
century. This fact allowed Spain and Portugal to dispute
the possession of these lands, putting in check the
political-administrative design brought by the Treaty of
Tordesillas, of 1494. In this 15th century Treaty, Spain
was sovereign over this territorial portion. However,
during the period of the Iberian Union (1580-1640) it
delegated to Portugal the right to its lands in the Amazon.
But, with the discovery and exploration of gold in
Guaporé, under Portuguese administration, it made it
possible for Portugal to begin its formal claim to the
sovereignty of these lands. The end of this episode was the
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signing of a new agreement between the two nations,
known as the Treaty of Madrid, of 1750. Thus, this event
allowed, in fact, the Portuguese dominion over these lands,
once linked to Spain. In principle this represented, in some
way, the first global geopolitical revision of the modern
world, beginning in the 16th century. The symbol of this
phase is represented by the Forte Principe da Beira, in the
municipality of Costa Marques (Vale do Guaporé), built to
guarantee Portuguese sovereignty over this large expanse
of land on the right bank of the Guaporé River.

Such annexation allowed to arrive at the national
territorial design practically to what is known today from
maps, with the exception of the current state of Acre,
which highlights the historical importance of this period. It
should be noted, however, that despite the magnitude of
the fact, it is still little explored in terms of cultural identity
in the region, thus indicating a fertile field for scientific
investments and public policies in this sense. However, the
definitive design of the Brazilian territory and, therefore,
of the state of Rondbnia took place, according to
Cavalcante[1], from the two main institutional changes
that took place in the region: a) Madeira-Mamoré Railroad
- EFMM; b) BR federal highway 364. In summary, the
Madeira-Mamoré Railroad, the result of a new
international agreement, no longer between Spain and
Portugal, but now between its former colonies, Bolivia and
Brazil, allowed the annexation of Acre to Brazilian
territory, due to the signing of the Treaty of Petropolis in
1903. Rubber, the main economic activity at the time,
would have been the motivator of this litigation. From that
episode onwards, the boundaries of borders were
practically finalized in Brazil.

The symbol of this process is in the railway
stations between Guajara-Mirim and Porto Velho and their
remnants, such as the coasts, the trains, the rails, the iron
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bridges that struggle with time to remain firm on the
horizon, despite the tropical climate. Thus, the map of
Brazil owes much to these two historical moments that
occurred in the region of the valleys of the Guaporé,
Mamoré and Madeira rivers. Finally, the last of the
episodes refers to the change from the railway modal to the
road modal, after the definitive deactivation of the EFMM,
in 1972.

With the BR 364 federal highway, according to
Cavalcante[1], a new development axis is strengthened, no
longer in the Madeira-Guaporé mesoregion (under the
influence of the EFMM), but in the East mesoregion of
Rondonia (under the influence of the federal), which now
concentrates political and economic power, influencing
strategic decisions at the territorial level, culminating, in
1981, with the institutionalization of the state of Ronddnia
with the current 52 municipalities in Rondbnia. In this
way, the rules of the game quickly began to be dictated by
the influence of the relationship of space and power
conducted by the East Rondoniense mesoregion, which
became the main economy of the State. The Madeira-
Guaporé mesoregion, on the other hand, lost economic
power and began to absorb a period of strong socio-
environmental policy that, in both cases, ended up
generating distinct cultures among the societies of
Rondénia [1]; [2];[3]. In this way, allowing the
construction of the assumption that the economic model
observed in the consolidation of the state of Rond6nia, as a
result of the developmental policies of the integrated
colonization projects, idealized by the federal government,
was agriculture and that this model has, over time,
characterized the economic power of the State with a
strong participation in the state GDP. With a few
exceptions, the Madeira-Guaporé mesoregion, with greater
environmental weight, watches the advance of this
economic segment without directly participating in the
process [1].

Based on this context, are the realities observed in
the two mesoregions, from the point of view of crime rates
and social vulnerability, consistent with this view
presented? What new can this approach indicate in terms
of strategic planning in public security management in
Rondénia? Thus, there is no doubt that strategic planning
in the public sector has been gaining more and more space
in the Brazilian scenario in view of the need for more
efficiency, effectiveness and effectiveness in the conduct
of its public policies in favor of improving the quality of
life of the population in general. However, the context for
the elaboration and discussion of a strategic vision to be
implemented is preceded by technical studies capable of
allowing the public manager and his team responsible for
the discussion and construction of the general guidelines to
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be inserted in the plan, a scenario that allows taking
decision making, as possible, and agile, in the face of a
complex and unequal environment. The general objective
of the present research is to analyze the crime rates and
social vulnerability of the municipalities of Ronddnia,
aggregating them in the micro and mesoregional
perspective, aiming to build a new vision for the strategic
planning of public security at the state level. As specific
objectives, it is intended to: a) Determine the municipal
indices of crime and social vulnerability; b) Determine the
average performance of the indices for each of the eight
micro-regions of Rondonia; ¢) Graphically construct the
relationship between crime and social vulnerability at the
municipal and micro-regional levels of the State. It is also
worth highlighting the hypotheses that guide this study: If
the crime and social vulnerability rates identified by the
research point to a scenario of greater impact in the micro-
regions of Porto Velho and Guajara-Mirim, then the
context of the approach brought by the research finds a
foundation and makes logical and coherent the inequalities
brought about in the mid-regional scope of Rondbnia,
which must be taken into account for the strategic planning
of the State's public security; If the crime and social
vulnerability indices identified by the research point to a
dispersed micro-regional scenario, with no trend related to
mesoregional aspects, then the logic of approaching the
regions with greater environmental weight is not
sustainable, which makes it consistent with the current
strategic planning of public security in Rondénia.

1. THEORETICAL
FOUNDATIONFUNDAMENTAGCAO TEORICA

2.1 Strategic planning in the public sector: concepts
and fundamentals

Strategic planning is a management technique of
fundamental importance, which allows the organization to
know the environment in which it operates, providing a
sense of direction and avoiding risks in its actions[4].
Planning is a process that precedes and presides over
action[5] For Pfeiffer [6] strategic planning has two
purposes: 1) concentrate and direct existing forces within
an organization in such a way that all its members work in
the same direction; 2) analyze the organization's
environment, and adapt it to it, so that it is able to react
adequately to the challenges it faces. This author reveals
that the intention is for the organization to conduct the
development process so as not to be driven by external and
uncontrollable factors. However, he emphasizes that this
does not mean assuming that the future is controllable, but
only that the analysis of changes and the possibilities of
adaptation increase an organization's room for maneuver to
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better deal with eventual conflicts or crises that may
arise.Rezende [7] in turn, emphasizes that the construction
of a strategic vision cannot ignore the limitations that the
financial and institutional reality imposes on its
implementation, under penalty of loss of credibility of the
planning effort. Much less, it comes down to the need to
integrate planning and budget, as provided for in the
constitutional provisions [7].

For this author, it is in the territory, whose
occupation is impacted by changes in the economy and
demography that accentuate disparities and conflicts and
threaten the sustainability of the country's economic union.
Thus, in the absence of a spatial strategy, conflicts and
antagonisms create an unfavorable environment for
federative cooperation and, therefore, increase the
difficulties for the reconstruction of planning. As for the
identification of risks, he emphasizes that they need to be
properly evaluated so that the government can anticipate
their outbreak and include the necessary measures among
the priorities to be met.

In general, Matias-Pereira[8] emphasizes that
planning is an essential practice, both in public and private
administration, due to the benefits that the instrument
brings to organizations. In public administration, Santos
[9] states that given the current complexity, characterized
by the scarcity of resources and growing demand from the
population, it is essential to act in a strategically planned
way in public institutions. In this sense, Rezende [10]
highlights that the definition of strategies and their
translation into a plan have little effect if the effective
conditions for their implementation are not adequate.
These conditions, according to the author, depend on the
capacities that public bodies have to exercise their
responsibilities, even taking into account the limitations
imposed by the regulations in force.

For De Toni[ll] strategic planning is about
government management, the art of governing — when we
ask if the government is moving towards where it wants to
go, if it is doing what is necessary to achieve its objectives,
if it is starting to debate the planning problem. Thus, for
this author, the big question is whether the organization is
dragged by the rhythm of day-to-day events, like the force
of the current of a river or if it knows where to get and
concentrates its forces in a defined direction. In this way, it
points out that planning, seen strategically, is nothing but
the science and art of adding greater governance to our
destinies both as people and as organizations or countries.
Therefore, government planning, according to De Toni[5],
can be defined as a collective political process, coordinated
by the State, which, through increased government
capacity, carries out a strategic project for society.
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For Lopes[12] governmental planning, according
to its sphere of action, can be classified as: a) national
(defining goals and guidelines for the nation), b) regional
(limited to the economic and social peculiarities of a
region ), ¢) urban (circumscribed to the growth of a city
environment) or sectoral (linked to a specific sector, such
as education or the environment). Therefore, it is in the
public administration, according to Cunha [13], that the
responsibility for defining the Government's strategy in all
its public policies is found. For this author, this process of
defining actions involves negotiations and conciliation of
interests of different groups and social movements, which
is essential for the effectiveness of planning. It also reveals
that this strategic definition constitutes an intelligent
mapping of actions aimed at achieving a shared future, as
well as a description of the path used to achieve the
government's objectives. Thus, a government's strategy is
largely expressed in its governmental planning.

On the topic of planning, Souza[14]considers it to
be the fundamental administrative function, serving as the
basis for all other functions employed. In addition to this
vision, it reveals that in the case of Governments, planning
aims to define society's future goals and establish the
means to achieve them, so that social transformations are
not determined by external or fortuitous circumstances, but
rather be a result of conscious decisions generated by
managers and inhabitants. In this sense, Cardoso Jr.;
Melo[15] emphasize the need for institutions that
encourage long-term actions. For Rezende [7] and
Rezende[10] in a Federation such as the Brazilian one, a
national project cannot be confused with a federal
government plan. It must have broader purposes, aimed at
building a strategic vision of long-term national interests,
which includes the actions required to promote these
interests and the measures necessary for their defense in
the context of international relations. For Melo[16]
continuity in public policies and in the performance of
government bodies, over successive administrations, can
be achieved through guidance from a long-term
development policy or a development plan. This author
emphasizes that the expression “long term” should be
redundant, were it not for the fact that, with some
frequency, the term “development” is used in reference to
short-term events and changes.

2.2 Strategic planning in Brazil and Rondénia

In Brazil, as in the rest of Latin America and the
Caribbean and in other relatively less developed countries,
more systematic planning experiences began in the 1930s
in the wake of public policies designed to face the
consequences of the 1929 Crisis. In general, they were
limited to a few sectors considered priority in each country
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— with emphasis on energy, transport, basic sanitation
[17].Starting in the 1940s, Brazil launched numerous
development plans. As historical examples, we can
mention the SALTE Plan — Health, Food, Transport and
Energy (1947), the Goals Plan (1956) and the National
Development Plans (I and Il -PNDs, from 1972 to 1974 and
from 1975 to 1979), respectively) [18].According to the
aforementioned author, with the crisis of 1979 and the
decrease in the availability of external resources, the
deficit in public accounts caused a cycle of uncontrolled
inflation in the country that contributed to the weakening
of planning. With the redemocratization, government
planning once again stood out as an inescapable attribution
of the State, being foreseen in the Federal Constitution of
1988 through the obligation to prepare pluriannual plans.

De Toni[5]highlights that in the recent history of
the country, post-redemocratization, government planning
was slowly resumed in a different perspective from the
seventies and eighties: more indicative and regulatory, but
integrated into the public management dimension and
more participatory and decentralized.

According to Santos[19], the current formal
model of governmental planning is anchored, in particular,
on two bases: the Federal Constitution (CF), which
determined and gave outlines to three planning instruments
(Pluriannual Plan - PPA, Law of Directives Budgets —
LDO and Annual Budget Law — LOA); and the 2000
budget reform, which sought to integrate plan, budget and
management. For the author, despite the constitutional
declarations, the three instruments still lack a lot of
evolution to fulfill the objectives for which they were
created. For Vaz[20], redemocratization stimulated
pressure  from society for citizen participation,
transparency and social control of governments. For
Santos [19], despite the attempt to organize State action,
the current model was not able to lead formal planning to a
sufficient position to adequately subsidize government
coordination.

In this context, Rezende [7] and Rezende[10]
considers that the planning and budget model established
by the 1988 Constitution did not represent a major
innovation. For the author, the change caused a loss for
planning, because instead of dealing with a national plan,
the PPA, it was reduced to a federal government plan, with
each state and also the municipalities taking care of the
elaboration and execution of the own PPAs, without any
mechanism having been instituted to seek greater
articulation of the plans of each entity of the Federation. In
the conception of Rezende [7], the root of the problems
that affect the quality of planning is the absence of a
national project, supported by a strategic vision of the
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challenges that the country faces to promote a balanced
economic development, in the triple perspective under
which this balance must be observed — social, regional and
sectoral — in addition to being environmentally sustainable.
In this sense, he states that the horizon of the PPA is too
short.

In the case of Rondénia, Cunha; Neves[21]
reveals that the planning experience begins when the first
planning attempt is made, in 1977, with the elaboration of
the first Rond6nia Goals Plan, whose objective was to
obtain a document that contemplated claims, not only in
the scope of segments the public sector, but also involving
representatives of other segments of society. The visit of
government technicians to each municipality and locality
represented the first experience of “participatory
planning”, as investments began to be made as a result of
opinions and meetings with the various communities [21].
In the current Strategic Plan for Rond6nia 2019-2023, it is
reported that Rondbnia is among the newest states in
Brazil, having been a federal territory and, finally, a
federative unit only in the second half of the 20th century.
Therefore, his youth characterized insertions of state
planning in an already constituted reality, with the
economic cycles of the past and existing local
characteristics, shaping his current urban and economic
conception. In view of this, it is exposed that five
foundations were established for the design of the plan,
namely: “[...] The first foundation is the commitment to
consider  regional peculiarities with  social and
environmental responsibility, with sustainability as a
guideline for protagonism of Rond6nia as a model for the
development of the Legal Amazon. The identification of
the current forces of change is key in the construction of
planning, which must be aligned with current trends and
uncertainties and strategies of the main actors for the
realization of a vision of the future as reliable as possible -
this is the second foundation. The third foundation consists
of structuring the Plan based on the great legacies that it
intends to leave for the years to come. The definition of
priorities must reflect pragmatism and feasibility, so that
few good legacies are delivered, causing a relevant
positive impact for the current and future generations.

The study and analysis of other existing plans and
those under construction, the alignment of strategic actions
with the 2020-2023 Multiannual Planning (PPA) and the
Ronddnia State Sustainable Development Plan (PDES),
were considered for the preparation of this document, and
the compilation of what is most concrete and tangible in
these inputs for the formulation of this — this being the
fourth and penultimate foundation. The last foundation
refers to thinking about the well-being of the citizen,
which defines that all the battles that need to be won by
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Rond6nia were built from indicators and goals that directly
impact the result for the Rondonia, as it is the mainstay of
the strategy and the raison d'étre of the state administration
[22].The Strategic Plan for the state of Ronddnia 2019-
2023 has seven thematic axes: management and strategy,
health, safety, education, citizenship, economic
development and environment and territorial development.
For each of them major battles, key results and initiatives
were defined.

2.3 Strategic public security planning in Brazil and
Rondbdnia

According to the Federal Constitution of 1988 in
Chapter II, Art. 6, security is a social right: “These are
social rights to education, health, food, work, housing,
leisure, security, social security, maternity and childhood
protection, assistance to the destitute, in the form of this
Constitution” [23].According to Kahn; Zanetic [24]until
recently, in Brazil, the problem of public security was
understood as something that concerns only the state
government and, within it, specifically the organs of the
criminal justice system: police, prosecutors, judiciary and
prison administration. Also according to the authors, the
main argument for not being involved in the issue of
public security was the fact that art. 144 of the Constitution
assigns the responsibility for civil and military police to
the state government. With that, from a limited conception
of security, caused by the Federal Constitution itself, the
federal and municipal actions were compromised.

Since the enactment of the Constitution in 1988,
several plans and public security programs have been
developed and presented by the federal government with a
view to implementing public policies to prevent violence
and reduce crime. Highlights include the National Public
Security Plan (1991); | National Human Rights Program
(1995-1996); National Public Security Plan (2000); 1l
National Human Rights Program (2002); Public Security
Project for Brazil (2003-2006); National Program for
Public Security with Citizenship - Pronasci (2007-2010);
Safer Brazil Plan (2012); National Homicide Reduction
Plan (2015); National Public Security Plan 2016/2017;
National Public Security and Social Defense Policy
(PNSPDS), 2018.

The 2000 National Public Security Plan is
considered the first national and democratic security policy
focused on stimulating technological innovation; it alludes
to the improvement of the public security system through
the integration of security, social policies and community
actions, with which it is intended to define a new public
security and, above all, a novelty in democracy [25].
However, in the view of Ballesteros [26] public security
policies in Brazil have, as a rule, been designed and
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implemented in a fragmented and poorly planned way.
Also according to the same author, unlike what happened
with other rights supported and reformulated by the
Constitution, the right to security and order, as well as the
organizational structure that should guarantee them, was
restricted to the list of some police organizations, passing
away from the citizen characteristic attributed to the other
spheres of Brazilian social life, which was beginning to be
reconfigured.

According to Brasil[27], the national territory has
been experiencing difficulties in the implementation of
public policies, whose roots lie much more in the form and
mechanisms of federative articulation and coordination
(between levels of government) and of the republic itself
(between State bodies and Powers) than in the absence of
initiatives. The country needs to look at the governance
mechanisms of the public security and criminal justice
system, in order to give maximum effectiveness, efficiency
and efficiency to the efforts that are being made and
interrupt the cycle of fear and violence that challenges the
public power and threatens the society [27]. It is known
that population insecurity and crime reduction are not
issues of immediate solution and, however, given the
current stage, this issue does not involve only specialists in
the area, but an initiative between federal, state, municipal
governments, civil society and other organizations [28].

With regard to the state of Rond6nia, according to
Lessa[29].in 2003, the State Public Security Plan of
Ronddnia was created in 2003, with the objective of
“reducing by at least 40% (forty percent) the number of
crimes per one hundred thousand inhabitants, in the period
from 2004 to 2007”. During the period between 2008 and
2017, Rondénia's public security policy was not the result
of sectoral strategic planning, given that there was no state
plan [29]. In 2019, Decree No. 23,698, of February 27,
approves the Strategic Plan for Public Security, Defense
and Citizenship of the State of Ronddnia (SESDEC), for
the period from 2018 to 2030. It is worth noting that the
strategic plan of SESDEC and subordinate institutions,
with a time horizon of 2018-2030, aims to ‘“make
Rondbnia a developed, competitive, modern State with
excellence in public management, socially fair and
environmentally sustainable”, concentrating efforts, in
order to seek a “Rondonia for peace”, committed to
overcoming challenges to guarantee people a safe
environment with less violence and crime.

However, for the achievement and excellence in
the vision of the future, starting from the premises focused
on the areas of results regarding public security, the
aforementioned strategic plan for public security in
Ronddnia directs strategic actions from the perspectives of
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cooperation, social justice, science and innovation: Carry
out dynamic and innovative management with a focus on
improving public security services; Provide public security
policies, aiming at the culture of cooperation between
public bodies and society; Improve public security services
and modernize strategic management through partnerships;
Transform public security with an emphasis on people,
seeking to improve the productivity and motivation of
employees; Increase budgetary participation and
strengthen the capture of extra-budgetary resources; Base
actions on research and development to generate
innovation and technology; Decision making based on
social, political, economic and cultural contexts, with
distributed information; Base decisions on knowledge of
the external and internal environment, in order to impact
the results, through monitoring and evaluation; Provide
quality infrastructure for public security agencies; Promote
an integrated work process, focused on efficiency;
Promote the well-being of employees; Strengthen public
security agencies and community police actions; Promote
collaborative relationship between public security bodies,
external bodies and society; Prioritize preventive,
repressive and inspection actions for internal security at
borders, ports and airports; Promote planned actions for
the institutional growth of the secretariat and its bodies;
Ensuring integrated training actions for bodies linked to
public security; Rational use of financial, human and
institutional resources; Strengthen and create a fundraising
mechanism for sustainability for institutional development.

Regarding the Ronddnia Strategic Plan, 2019-
2023, the issue of public security is also presented as one
of the axes in this document. The axis encompasses state
actions that prevent and repress violent actions against
property; and those of a character more focused at the level
of individuals, comprising the entire state public security
system. In the plan, the major strategies intended to meet
the security needs of the population were concentrated in
the four main stages of the flow of the state public security
system (intelligence, prevention, coercion and social
reintegration), with the challenges presented as being:
Technological modernization in the prevention and
investigative process of the police, in order to establish a
high rate of elucidation of violent crimes in the State. The
reduction in the rate of violent crimes against property and
traffic, in order to make Rondonia the safest state in the
northern region; The implementation of alternatives to the
current model of the prison system, both for the reduction
of overcrowding and for the resocialization of the prisoner.

For Ballesteros [26]the effectiveness of the public
security system results from the ability to articulate
multisectoral and interorganizational interventions aimed
at preventing crime or overcoming its consequences after it
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has already occurred. This articulation is fundamentally
based on an efficient management of resources,
information and strategies, which favors participatory
formulation and implementation and is supported by
constant and reliable monitoring and evaluation
instruments, to correct the course of interventions, to
consolidate well-established and socially legitimate
practices. Ferreira[30]states that, in the current scenario of
society, where violence and crime persecute the State as
one of its most serious problems, the strategic planning
tool is basic to preventive and repressive preparation and
control. According to this author, a new vision of
prevention and social response to the problems and
damage caused by urban violence and crime is needed,
which can provide a very useful tool for government
management.

2.4 Contextualization on the topic of crime

Crime has worsened daily in Brazil, drastically
affecting the lives of its citizens [31]. The accelerated
growth of violence and the State's inability to promote
crime control policies raised the discussion on public
security to the main concerns of Brazilian society [32].
According to Waiselfisz[33], Brazil is currently among the
countries with the highest homicide rates in the world,
whether based on an absolute or relative criterion. Brazil is
currently ranked 14th in the world in terms of intentional
violent deaths and 2nd in absolute numbers [34]. Brazil
currently has a rate of 30.5 homicides per 100,000 people,
the second highest in South America, after Venezuela,
with 56.8. In total, around 1.2 million people lost their
lives to intentional homicides in Brazil between 1991 and
2017 [35].

In the diagnosis of homicides in Brazil, produced
by the Ministry of Justice [36], the following macro causes
of homicides in the country were identified: (i) gangs and
drugs; (ii) property violence; (iii) interpersonal violence;
(iv) domestic violence; (v) conflicts between civil society
and police; and (vi) lack of State presence. In addition to
factors that are transversal to all homicides, such as:
availability of firearms and accumulation of social
vulnerabilities.

Santos; Kassouf[31]emphasize that the costs of
crime to society are relatively high. Material damage,
public and private spending on its prevention and combat
are just some of the elements that make up the costs of
crime for society. In addition, they cause other costs, no
less important, such as the reduction of the stock of human
capital, the reduction of the quality of life, the reduction of
tourist activity and the loss of attractiveness of new
productive investments and/or the expulsion of existing
ones.
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In Brazil, the distribution of deaths from violent
causes is not restricted to a region, state or municipality,
but impacts Brazilian society in general, causing loss of
life, threats and fear. Also, it does not occur
homogeneously, but varies between these territories and in
each space over time [37].According to the Atlas of
Violence 2019 [38], the evolution of homicide rates
between 2007 and 2017 was quite different across
Brazilian regions. In recent years, while there was a
residual decrease in the Southeast and Central-West
regions, there was a certain stability of the index in the
South region and accentuated growth in the North and
Northeast. According to Riccio et al.[39], a recent but
serious phenomenon is the internalization of violence that
has grown in medium and small cities in the last two
decades in the wake of drug trafficking. According to the
authors, new demands arise for an overburdened criminal
justice system in its various spheres. According to these
authors, the characteristics of each region and the social
relations they produce interfere with existing crime
patterns. Thus, border regions, intensive agriculture or
large urban centers have specificities in relation to the
incidence of violence.

The federal government and Brazilian sub-
national units and civil society organizations have sought
to integrate actions to combat crime in large and medium-
sized cities in the country. The experiments to contain the
alarming crime rates, however, proved to be unsuccessful
in most of them [40]. With regard to the Amazon, in
Northern Brazil, Fraga[41] points out that the region is
experiencing a significant increase in indicators of
violence, and its large territorial extension and the absence
of an adequate public security policy make the problem
difficult to face, contributing to its expansion. The author
emphasizes that violence in this region is traditionally
related to conflicts over land tenure, the illegal exploitation
of its natural resources and the appropriation of the spaces
of the traditional communities inserted there. Added to this
is the geographic location, on the border with cocaine-
producing regions, which places it on the route of
international trafficking.

Deluchey[42]reports that in the more rural regions
of the Amazon, homicides seem to accompany the
pioneering fronts of deforestation and the intensification of
human activities (mining and soy).The concentration of
“firearm homicides” follows the arrival of pioneering
human activities in areas of deforestation and the
transformation of the Amazonian rural territory into areas
of intense cultivation, mainly soybeans. However, the
discussion on the public agenda about crime in the
Amazon has privileged the debate on the
preservation/conservation of its biodiversity, the survival
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of the Amazon forest, deforestation and fires, national
defense and protection of borders, among others no less
relevant. In a way, the defenders of the criminality agenda
in the academic and political agenda have not been
successful in the relevance of the theme [40].According to
Machado [43], the history of the colonization of Rondénia
can explain the violence and the large number of conflicts
that permeate its society, since its colonization repeated, to
a large extent, the very history of the colonization of Brazil
with the decimation of indigenous peoples and
deterritorialization of traditional peoples. The number of
homicides recorded in Rond6nia, compared to other states
of the federation, is very high and represents social
conflicts that have not yet been dealt with, since most of
them are related to people who work in the field, in mining
and in large enterprises, which they leave to behind a trail
of unemployed, displaced, deterritorialized, in short,
people without work and without perspectives,
marginalized [43].

According to Lessa; Silva[44] due to the
geographic position of Rondbnia, with 1,343 km of
territorial area bordering Bolivia, the State has a significant
portion of crimes that occur in its territory related to
transnationality. According to the authors, the crimes of
robbery and theft of vehicles (taken to Bolivia to serve as
currency for drugs), homicides (the result of settling
accounts between traffickers), smuggling, embezzlement,
among other crimes, are common. However, the authors
consider that the main illicit activity in the state's border
area is related to the trafficking of drugs, diamonds and
weapons. The dispute over the domain of territories for the
distribution and sale of drugs also reflects their numbers on
crime. Pereira-Filho;Tannuri-Pianto; Sousa[45] emphasize
that crime has become, in recent periods, one of the
biggest Brazilian social problems, and has increasingly
demanded, in addition to financial resources, more
planning, operational intelligence and coordination in the
various attempts to overcome it. Therefore, in
Deluchey[42] view, building proposals for public security
means taking into account the context in which criminal
violence is exercised, and the interests it serves. Once this
examination has been carried out, the author also suggests
proposals for changes in the exercise environment of this
public sector, before expressing proposals related to public
security itself.

2.5 Contextualization on the topic of social
vulnerability

The word vulnerable comes from the Latin verb
“vulnerare”, which means to hurt, to penetrate. Due to
these etymological roots, vulnerability is a term generally
used to refer to predisposition to disorders or susceptibility
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to stress [46]. The approach to vulnerability is
characteristically interdisciplinary and strongly anchored
in the Social and Human Sciences, seeking to understand,
in addition to epidemiological determinants, the dimension
of the senses and meanings of subjects' exposure to certain
risk situations, as well as the implications and
differentiated effects of these exhibitions in individual and
interactive trajectories [47].

The issue of social vulnerability is not new, as
this terminology has been commonly applied by social
scientists from different disciplines for quite some time.
The theme is characterized by a complex conceptual field,
consisting of different conceptions and dimensions that can
focus on economic, environmental, health, rights, among
many others. Although this theme has been worked on
over the years, it should be noted that it is a concept under
construction, given its magnitude and complexity [48].
Social vulnerability is the negative result of the
relationship between the availability of material or
symbolic resources of actors, whether individuals or
groups, and access to the structure of social, economic,
cultural opportunities that come from the State, the market
and society [49].

The wvulnerability framework allows us to
understand the ways in which individuals face adverse
events and adopt certain behaviors, not according to the
view of a rational subject who guides his action only by
the availability of information, but from the perspective of
a subject imbricated in a dynamic system of relationships
and constraints of different orders (social, political and
economic), which influences their choices and conditions
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of existence [49]. The situation of vulnerability combined
with turbulent socioeconomic conditions causes great
tension among young people, which directly aggravates
the processes of social cohesion and, in some situations,
encourages an increase in violence and crime [50]. In
Brazil, violence is present in most cities, where high crime
rates are accompanied by social inequality, misery,
government failure, inefficiency of policies in the area of
security and frustrations generated by the consumer society
[50]. In this context, considering the latest available data
on crime and social vulnerability, it remains to analyze the
context of Rondbnia from the perspective of strategic
planning for public security and discuss new approaches
that may arise from this logical approach.

1. METHODOLOGY

For the development of the present study, the hypothetical-
deductive method was adopted as a line of reasoning.The
methodology consisted of collecting data in secondary
databases, from official sources of the Brazilian
government. Data were collected following the municipal
logic aggregated by microregions of Rondo6nia. The
research analyzed the microregions of the State,
considering the IBGE methodology, which classifies
Rondb6nia with two mesoregions and 8 microregions,
namely: i) Madeira-Guaporé mesoregion, involving the
microregions of Porto Velho and Guajara-Mirim; ii) East
Rondoniense mesoregion, covering the micro-regions of
Ariguemes, Ji-Parana, Alvorada do Oeste, Cacoal,
Colorado do Oeste and Vilhena.

Table 1: Counties surveyed according to micro and mesoregions

Mesoregions

microregions

Municipalities

microregion Guajara-

Costa Marques, Guajara-Mirim, Sdo Francisco do Guaporé

Madeira- Mirim
Guaporé ) ) Buritis, Campo Novo de Rond6nia, Candeias do Jamari
microregion Porto Velho o )
Cujubim, Itapud do Oeste, Nova Mamoré, Porto Velho
microregion Alvorada  Alvorada D'Oeste, Nova Brasilandia D'Oeste, Sdo Miguel do
D'Oeste Guaporé, Seringueiras
] ] . Alto Paraiso, Ariquemes, Cacaulandia, Machadinho D'Oeste
microregion Ariqguemes . .
Monte Negro, Rio Crespo, Vale do Anari
East Alta Floresta D'Oeste, Alto Alegre dos Parecis, Cacoal,

Rondoniense
microregion Cacoal

Castanheiras,

Espigdo D'Oeste, Ministro Andreazza, Novo Horizonte do Oeste,
Rolim de Moura, Santa Luzia D'Oeste

microregion Colorado do Cabixi, Cerejeiras, Colorado do Oeste, Corumbiara, Pimenteiras

Oeste do Oeste
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Governador Jorge Teixeira, Jaru, Ji-Parana, Mirante da Serra,
Nova Unido

microregion Ji-Parana

Ouro Preto do Oeste, Presidente Médici, Teixeiropolis,
Theobroma, Urupa, Vale do Paraiso

microregion Vilhena

Chupinguaia, Parecis, Pimenta Bueno, Primavera de Rondonia,
Séo Felipe D'Oeste, Vilhena

Source: IBGE [51].

For data processing, the SPSS statistical tool,
version 23, was used as an instrument to calculate the
crime and social vulnerability rates, idealized by the
research, based on the technique of multifactorial analysis.
The model in question follows the calculation reasoning
proposed or applied by Reis, 2001[52];; Hair et al., [53];
Santana, [54];, Gama et al.,[55]; Santana, [56]; Cavalcante,
[1]; Favero; Belfiore, [57].

3.1 Indicators raised by the survey

The indicators surveyed and which were part of the
analysis of this work are listed in Table 2. For the crime
indicator constructed in this study, it followed those
presented in the atlas of violence in Brazil, prepared by
IPEA. The social vulnerability indicator, named as it
represents social factors that we believe are somehow
related to factors that, in principle, have the potential to
interfere with crime, were chosen based on available data,
at the municipal level, by official bodies.

Table 2: Description of the crime and social vulnerability criteria used by the research

Index

Indicator

Year

Source

Crime

Rate of victims of traffic accidents (100,000
Inhabitants)

Murder rate (100,000 Inhabitants)
Suicide rate (100,000 Inhabitants)

Proportion of traffic accidents as a cause of
mortality

Proportion of traffic accidents as a cause of
mortality among young people aged 15 to 29
years

Proportion of homicides as a cause of mortality

Proportion of homicides as a cause of mortality
among young people aged 15 to 29 years

Proportion of suicides as a cause of mortality
(2017)

Proportion of suicides as a cause of mortality
among young people aged 15 to 29 years

2017

IPEA (www.ipeadata.gov.br)

Saocial vulnerability

Proportion of people living in extreme poverty
(%)

2018

National Confederation of Municipalities

Mortality rate

2017

State Observatory for Regional Development
(http://www.odr.ro.gov.br/home/municipioperfil#)

Infant mortality (deaths per thousand live births)

2017

Hospitalizations for diarrhea (hospitalizations per
thousand inhabitants)

2016

IBGE (https://cidades.ibge.gov.br/)

Total population served with water supply

2017

National Sanitation Information System
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Total population served with sanitary sewage 2017 (http://app4.cidades.gov.br/serieHistorica/#)

Total population served in the municipality with 2017

waste collection
Illiteracy rate 2010 IBGE (Censo demogréafico)

School d t - earl 1st to 5th % 2017 . . S
chool dropout - early years (1t to 5th year) (%) National Confederation of Municipalities
School dropout - final years (6th to 9th grade) - L .

https: .cnm.org. 100111
base year 2017 (%) 2017 (https://www.cnm.org.br/municipios/registros/100111/todos)
Percentage of employed population 2017 IBGE (https://cidades.ibge.gov.br/)
Unemployment rate 16 years and+ 2010 IBGE (demographic census)
child labor rate 2010 IBGE (demographic census)

Source: Research data.

The scale adopted for analysis followed the
following classification: Level 1: 0.000 to 0.100
(extremely low); Level 2: 0.101 to 0.200 (very low); Level
3: 0.201 to 0.300 (low); Level 4: 0.301 to 0.400 (medium
to low); Level 5: 0.401 to 0.500 (average); Level 6: 0.501
to 0.600 (medium to high); Level 7: 0.601 to 0.700 (high);
Level 8: above 0.701 (very high). Based on the two indices
constructed in this study, they were related using the
regression graphics of SPSS, version 23. For the
calculations of correlations, they were made using the
statistical package of Excel, version of Windows 10 Pro,
version updated in 2020.

V. DATA RESULTS AND DISCUSSION

When analyzing Table 3, we highlight only the
performances considered “high” and “very high”, that is,
indexes above 0.600. In this sense, in relation to the crime
rate, it was found that 9.62% of the municipalities in
Rond6nia were at this level, presenting performance either
“high” or “very high”. In relation to the social
vulnerability index, 13.46% of the municipalities in the
state presented performances at this level, in relation to the
period of data collection used in this study. When

analyzing based on the mesoregional scenario, it appears
that 20% of the municipalities were concentrated in this
same performance range, both for the crime rate and for
the social vulnerability index. In the East Rondoniense
mesoregion, this performance level was 7% and 14% of
the municipalities, respectively.

But, when analyzing the performances above
0.500 (“medium to high” or higher) where it can represent
an alert in terms of strategic vision on the subject, it
appears that 19% of the municipalities in the State have
crime rates in this range. In terms of social vulnerability,
this percentage rises to half of the municipalities in
Ronddnia, which is still a concern.

From the mesoregional point of view, the
situation is even more worrying, because in relation to the
crime rate, where 30% of the municipalities in the
Madeira-Mamoré mesoregion are in this range. In relation
to the social vulnerability index, this percentage rises to
70% of the municipalities. In the East Rondoniense
mesoregion, the result is milder, where 17% of the
municipalities had a crime rate in this performance range
and, in relation to the social vulnerability index, 45% of
them are also in this range.

Table 3: Crime rate and social vulnerability in the municipalities of the state of Rondénia, by microregion.

MICROREGIONS

MUNICIPALITIES BY
MICROREGION

Index

Crime Index .
Vulnerability

Costa Marques

0,239

GUAJARA-MIRIM

Guajara-Mirim

0,268

Sao Francisco do Guaporé

Buritis

PORTO VELHO

Campo Novo de Rondbnia

Candeias do Jamari

www.ijaers.com

Page | 11



http://www.ijaers.com/
https://www.cnm.org.br/municipios/registros/100111/todos

Cavalcante et al.

International Journal of Advanced Engineering Research and Science, 9(5)-2022

Cujubim 0,363 0,594
Itapud do Oeste 0,397 0,438
Nova Mamoré 0,475 ;
Porto Velho 0,369 0,276
Alvorada D'Oeste 0,199 0,498
ALVORADA DO | Nova Brasilandia D'Oeste 0,329 0,508
OESTE S&0 Miguel do Guaporé 0,462 0,421
Seringueiras 0,374 0,382
Alto Paraiso 0,517
Ariquemes 0,475
Cacaulandia
ARIQUEMES Machadinho D*Oeste 0,442 0,480
Monte Negro 0,446 0,424
Rio Crespo 0,044 0,503
Vale do Anari 0,330
Alta Floresta D'Oeste 0,432
Alto Alegre dos Parecis 0,385
Cacoal 0,287 0,212
Castanheiras 0,161 0,462
CACOAL Espigdo D'Oeste 0,360 0,390
Ministro Andreazza 0,537 0,469
Novo Horizonte do Oeste
Rolim de Moura
Santa Luzia D'Oeste
Cabixi 0,588 0,485
Cerejeiras 0,387 0,415
COLSESA_:_D: bO Colorado do Oeste 0,368 0,393
Corumbiara 0,143 0,536
Pimenteiras do Oeste 0,306 0,458
Governador Jorge Teixeira 0,386 _
Jaru 0,460 0,287
Ji-Parana 0,337 0,232
Mirante da Serra 0,545 0,556
; Nova Uniao 0,239 0,582
JI-PARANA
Ouro Preto do Oeste 0,334 0,305
Presidente Médici 0,310 0,495
Teixeirépolis 0,491 0,546
Theobroma 0,466 0,586
Urupa 0,358 0,546
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Vale do Paraiso 0,156 0,581
Chupinguaia 0,395
Parecis 0,347 0,673
Pimenta Bueno 0,462 0,275
VILHENA
Primavera de Ronddnia 0,180 0,545
S&o Felipe D'Oeste 0,342 0,539
Vilhena 0,397 0,205

Source: Research data.

Therefore, a worrying state scenario is evidenced
in relation to the two indices shown in this study, to a
lesser and/or greater degree, considering the microregions
of the two mesoregions of the State. The question now is
how these two indices relate to each other within a
municipal context. It can be seen that the five
municipalities with the highest crime rates, in descending
order, were: Chupinguaia (0.677), Cacaulandia (0.668),
Novo Horizonte do Oeste (0.664), Campo Novo de
Ronddnia (0.631) and Sao Francisco do Guaporé ( 0.605.
And the five municipalities that had the lowest crime rates
were: Rio Crespo (0.044), Corumbiara (0.143), Vale do
Paraiso (0.156), Castanheiras (0.161) and Primavera de
Rondénia (0.180).

Regarding the social wvulnerability index, it
appears that the five municipalities in Rondénia with the
highest indexes were, in descending order: Alto Alegre dos
Parecis (0.754), Costa Marques (0.731), Governador Jorge
Teixeira (0.709), Nova Mamoré (0.632) and Santa Luzia
do Oeste (0.632). When analyzing the five municipalities
with the lowest rates of social vulnerability, the following
sequence is obtained: Vilhena (0.205), Cacoal (0.212), Ji-
Parana (0.232), Pimenta Bueno (0.275) and Porto Velho
(0.276). In general, it is possible to verify, based on the
results presented so far, that a tendency of internalization
of the problems of criminality and social vulnerability in
the state of Rondbnia, based on the indicators worked in
this study and the time cut carried out, which concerns
current data available from official sources.

This process of internalization has been pointed
out by some researchers in different studies carried out in
the country. In this sense, according to the Map of
Violence [58], between 2000 and 2011, violence in Brazil
underwent a process of dissemination and internalization
due to having moved from large municipalities - above 100
thousand inhabitants - for small towns. For Waiselfisz [59]
the growth of homicides in the 'inland' of the country did
not occur homogeneously, but some states contributed
more decisively to this increase. In 2008, this same author
already pointed out that the increase in homicides in

www.ijaers.com

smaller municipalities was due to the fact that a process of
relevant decentralization and deconcentration of economic
development is underway in the country, with the
emergence of new growth poles in the interior. And this
new territorial dynamics of development would, therefore,
also impact the geographic distribution of violence in the
country [60].

Society, in general, seeks to curb criminal
activities. For these activities to undergo a process of
decline in a social structure, elements such as, for example,
the structuring of police apparatus, educational training,
job offer, planned urbanization and income distribution
must emerge [61]. Battela; Diniz[62], in turn, state that the
crime pattern in a region is linked to regional
characteristics, such as location and concentration of
wealth. It is noted that there are regions in Ronddnia where
the problem of violence is more striking, but in other
municipalities, however, the issue of social vulnerability,
although violence is noticeable, shows an equally
important concern. Thus, the challenge for public security
lies in devising interrelated strategies between “end”
activities, which are actions aimed at reducing crime
through institutional control, and “means” activities, which
are actions aimed at to soften and create opportunities for
social inclusion aiming at improving the quality of life.

In this sense, one should, for example, question
the role of the public manager in stimulating the
development of municipalities located in frontier strips
based on the logic of economic, social, political-
institutional and environmental integration, aiming at a
more effective process in terms of regional development
policies, along with the view that such border regions are
also the focus of illicit trafficking, drug trafficking, income
concentration, poverty, etc. terms of strategic vision. What
is sought here is to expose exactly this aspect, where the
basis of decision-making regarding the role of the State in
conducting public policies, in the case portrayed here of
public security, can find concomitant mechanisms of
action, both in the scenario of “cause -effect”, where police
control of security to society is more active, as well as in
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interdisciplinary actions of a more transversal nature,
where public security can connect to other areas of public
action aiming to minimize social vulnerability, through a
strategic vision that permeates the generation of
employment and income, leisure, education, health, in
short, ways to satisfy the basic needs of the population, as
already pointed out by the Maslow scale.

According to Batella; Diniz[62], variables such as
wealth, income inequality, infrastructure, education and
population structure have impacts on the occurrence of
criminal acts. Shikida; Oliveira[63] states that despite there
being a bilateral relationship between crime and
development, there is evidence that socioeconomic factors
are the cause of crime. According to these same authors, it
is believed that as development indicators increase, the
incidence of crimes tends to decrease. Therefore, given the
context brought by the present research, which deals with
the meso and micro-regional approach in Ronddnia, and at
this point inserting a fact considered relevant by the

International Journal of Advanced Engineering Research and Science, 9(5)-2022

present research, where the environmental issue, within an
institutional context, has been impacting more strongly the
Madeira mesoregion -Guaporé in relation to East
Rondoniense.

In the micro-regions of Porto Velho and Guajara-
Mirim, the highest rates of crime and social vulnerability,
respectively, were concentrated in the average of the
observed municipal performances. The two highlighted
microregions, as already demonstrated, are part of the
Madeira-Guaporé mesoregion. This mesoregion in
Ronddnia has the highest environmental indices in the
State, a fact that is intended to be a logical element of
analysis in the work of building a vision for the
establishment of a more effective public security strategic
planning management for the State of Rond6nia. Based on
the indices constructed by the present study, correlations
were made between them based on the groupings by
microregions of Rond6nia, which can be seen in Table 4,
below.

Table 4: Correlations between crime rates and social vulnerability by microregions in Rondénia.

Mesoregions microregions Correlation

] Guajara-Mirim -0,7966
Madeira-Guaporé

Porto Velho 0,54363

Alvorada do Oeste -0,66753

Ariguemes -0,18299

East Rondoniense Cacoal 0,126231

Ji-Parana -0,02574

Vilhena -0,43071

Source: Research data.

The result indicates a strong and negative
correlation in the microregions of Guajara-Mirim (-0.80)
and Alvorada do Oeste (-0.67). The Porto Velho micro-
region presented a positive correlation of 0.54 and the
other micro-regions surveyed showed a very insignificant
correlation, indicating that there are other factors that can
explain this behavior. In the case of the Guajara-Mirim
micro-region, such values indicate that 80% of the
violence can be explained by the behavior of social
vulnerability and vice versa, in a negative way, that is, the
higher one of the indices, the lower the other. This result
indicates that more studies are needed on the subject, in
order to bring new readings about this scenario that shows
to be quite varied among the microregions surveyed in
Ronddnia. However, it is evident that the Madeira-
Guaporé mesoregion presented, in microregional terms,
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performances that indicate a different scenario in relation
to the other microregions of the State. Thus, this research
suggests that Rondénia's public security policy should not
be based only on a single indicator, as it can lead to a
somewhat mistaken regional reading. Therefore, it is worth
mentioning that this is done based on a set of indicators,
through readings of constructed indices, from scientific
techniques and instruments, in order to allow the micro-
regional peculiarities to be perceived and that such a policy
is appropriate for each of observed realities. With this,
expanding the vision of abstraction of the problem of
public security in Rondonia and, consequently, adjusting
the strategic planning, in order to understand its regional
inequalities.
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V. FINAL CONSIDERATIONS

The first hypothesis built in this study is confirmed and
valid, which says: “If the crime and social vulnerability
rates identified by the research point to a scenario of
greater impact in the micro-regions of Porto Velho and
Guajara-Mirim, then the context of the approach brought
by the research finds a foundation and makes logical and
coherent the inequalities brought about in the mid-regional
scope of Ronddnia, which must be taken into account for
the strategic planning of public security”;

It is essential that the strategic planning of public security
in Rondbnia adopts technical, meso and micro-regional
criteria, using quantitative and/or qualitative data, subject
to comparative analysis, such as the one brought by the
research, in order to facilitate the decision-making process
decision-making to establish different strategies to be
taken in relation to regions and their specificities that make
them unique and specific, requiring different visions for
different scenarios;

The results found for Ronddnia in relation to crime and
social vulnerability rates showed consistency with the
theoretical and methodological foundations of the research,
thus revealing its validation from a scientific point of view;

With this study, the internalization of violence in Ronddnia
is evidenced, which confirms the tendency of this scenario
at the national level in relation to the studies shown here;

It becomes worrying and urgent the need to build a
systematized and standardized database on the reality of
Rondénia focused on the area of interest of public security
in the State, where it is suggested the creation of a
statistical department within the framework of the structure
of the public security of the State, as has been observed in
other regions of Brazil.
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factorial studies, through the tests of Bartlett's sphericity and the
adequacy of the Kaiser-Meyer-Olkin (KMO) sample. In this way, it was
possible to build socioeconomic development indexes and, with that,
proceed with the due analysis intrinsic to the epistemological question of
this work. The data showed adequacy to factor studies and allowed us to
observe, in general, the low level of socioeconomic development of the
surveyed municipalities, however, with a more favorable situation for the
municipalities covered by the SUFRAMA policy.

l. INTRODUCTION

Understanding the Amazon and its multiple
interrelationships requires objectivity and clarity that
permeates the logic of delimiting the theme, space and
temporality in which the phenomena to be observed can be
seen and analyzed within a rational and scientific
construction. Thus, the theme of regional development,
from the perspective of economic and social development,
within the context of free trade areas linked to the Manaus
Free Trade Zone (SUFRAMA) policy, allows us to
understand aspects of the Amazonian reality, its multiple
forms and identities that portray the regional challenges in
promoting actions aimed at institutional strengthening and
their own trajectory resulting from choices and decision-
making under the aegis of collective or even institutional
behavior, from public policies directed to the region.

The Amazon development challenge is not new. Its
socio-environmental complexity has always been the scene
of discussions and often seen as an obstacle under the
more orthodox logic of economic growth, where more
conventional models, such as agricultural production,
especially in the 1960s, 1970s and 1980s, were driven by
colonization. Agriculture in some regions of northern
Brazil, such as Par4 and Rondénia, allowed the rapid
process of consolidation of these activities as a
standardized style of development marked by agricultural
culture. On the other hand, the immense Amazon biome
and the need to preserve these natural environments
allowed us to think of more heterodox forms of
development and for such models to take into account
perspectives and values based on aspects of sustainable
development, a vision that is institutionalized worldwide,
the from the Brundtland Report or Our Common Future
Report, which served as the basis for the second UN
Conference on environment and development, held in Rio
de Janeiro, in 1992. In this sense, it is worth highlighting
the observations brought by José Eli da Veiga when
pointing to the difficult measurement of sustainable
development, when signaling that it is not a concept, as
much as social justice, but a utopian expression that is here
to stay [1].
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According to the same author, GDP per capita has
always been used as an indicator of economic growth,
signaling a scenario whose interpretation points to the
economic strength of a region, of a country, for example,
where the term “development” has been used for a long
time, was closely identified only with economic growth.
When trying to illustrate this situation in a more routine
and empirical way, José Eli da Veiga quotes Cambridge
professor, economist Joan Robinson, who made the
following statement “development is like the elephant,
very difficult to define, but very easy to recognize”
[1].Thus, according to this author, the rupture between
growth and economic development would only be possible
if an alternative indicator to GDP per capita emerged. A
fact, according to him, occurred when the United Nations -
UN, through one of its organizational structures, the
UNDP - United Nations Development Program, organized
an immense collective effort that culminated in the
creation of the HDI (Development Index) Human), which
combines per capita income with the best health and
education indicators. In this sense, it is worth highlighting
the work of the Nobel Prize winner, Amartya Sen, in his
work entitled “Development as freedom”, in which he
reveals that there is a distinction between income
inequality and economic inequality [2].

According to Santos et. al[3] this work by Amartya
Sen calls into question the simplistic view that analyzed
development only from the perspective of income, with a
predominant view in the interpretations of the various
schools of economic thought. Building on these same
authors, Amartya Sen particularly focuses on the roles and
interrelationships between certain instrumental freedoms
that he considers crucial, including economic opportunity,
political freedoms, social facilities, guarantees of
transparency, and protective security. It also highlights,
among other things, the mismatches observed between
income and longevity in several countries [3]. In this way,
the vision of development and sustainable development,
contextualized here, walk exactly in the perspective of the
complexity that goes far beyond that brought by a certain
and unique indicator as a universal explanation factor of
the degree of development. However, this is not intended
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to be a standard model to be followed. We only signal a
scientific path to better understand the scenario object of
the present research, from a quantitative approach.

In this context, the Amazon reality was chosen as
the scenario of the present study because this is the main
region of biodiversity in the world and that there is an
international attention in relation to economic activities in
the perspective of sustainable development, which requires
the government to carry out technical studies that can serve
as a subsidy for the strategies and actions of the federal
executive in the elaboration of effective public policies,
which, among others, are the result of research that can
shed light on the understanding and interpretation of the
Amazon as an element of national economic integration.
Thus, faced with such a scenario, Brazil created the policy
of the Superintendence of the Manaus Free Zone
(SUFRAMA) as a strategy to boost economic growth and
regional development, without giving up environmental
preservation and social justice.

Some questions arise that need to be answered: a)
how to determine the level of regional development of
municipalities in the Amazon based on the reality of
SUFRAMA? b) how to carry out a comparative study
between them and between other municipalities without
access to such a policy? c) which indicators should be
taken into account for this study? Thus, the
epistemological problem raised in this study focuses on
questioning whether the municipalities, objects of the
present research, inserted in the Free Trade Areas
contemplated by the SUFRAMA policy, present
satisfactory socioeconomic aspects in terms of regional
development, in comparison with the economic indicators
and social aspects of municipalities not covered by the
SUFRAMA policy, based on the theory of endogenous
development and regional development poles associated
with the institutionalist theory of Douglass North.

The hypotheses raised by the work, in turn, aimed
to allow the construction of epistemological beacons and
assumptions that allow conducting this work within the
academic and scientific rigor. Thus, two hypotheses were
raised in this study, namely: HO: If the economic and
social development indices achieved by the municipalities
in the LAC present a satisfactory performance and/or
superior to the municipalities not served by the
aforementioned policy, then it is understandable that the
fiscal incentive policy linked to SUFRAMA has been
giving positive results and deserves to be stimulated as a
strategic and sustainable development path for the Amazon
region, not implying, therefore, the need for intervention
measures and adjustments of said public policy. H1: If, on
the other hand, the economic and social development
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indexes achieved by the LAC municipalities present an
unsatisfactory performance and/or inferior to the
municipalities not covered by the aforementioned policy,
then the fiscal incentive policy linked to SUFRAMA
deserves to be analyzed in a in loco, aiming to determine
the bottlenecks and challenges inherent to the policy in
question, indicating the need for adjustments and
adaptations, in order to make it effective, effective and
efficient.

Regarding the general objective, it consisted of
analyzing, based on economic and social indicators, the
degree of regional development of the 9 (nine)
municipalities in the Amazon selected and covered by the
tax incentives policy of the Manaus Free Trade Zone,
linked to the Free Trade Areas , as well as other 9 (nine)
municipalities in the western Amazon not covered by the
aforementioned policy, based on quantitative data
available from official sources, in order to understand the
current situation of the regions selected in this study and
discuss the effectiveness of this policy as a vector of
regional development based on the theoretical foundations
of the research.

Thus, given the context of economic globalization
and the need to establish national policies to stimulate the
development of regions with a significant presence of
legally protected areas, such as the Brazilian Amazon and
the Manaus Free Trade Zone policy, this work
demonstrates its importance to the to analyze a regional
context based on a vision of a pole of development
inserted in a reality of economic freedom, which indicates
the existence of an important paradox to be analyzed and
discussed within science. With this, we seek to fill a fertile
space in terms of analysis of regional economic
development policies in the country, based on solid
theoretical and methodological foundations capable of
bringing light and contributions to the debates around this
theme.

1. RESEARCH METHODOLOGY
2.1 TYPE OF SEARCH

This is a quantitative research of the experimental
type, which will seek to raise indicators for later
calculation of the index for purposes of comparison
between the municipalities selected for this study.

2.2 UNIVERSE AND SAMPLE

Within the universe of 92 municipalities located on
the border strip in the Brazilian Western Amazon [4],9
municipalities covered by the Free Trade Areas policy
were surveyed, namely: Tabatinga (Amazonas), Guajara-
Mirim (Rondbnia), Boa Vista and Bonfim (Roraima),
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Macapd and Santana (Amapd) and Brasiléia, with
extension to the municipality of Epitaciolandia, and
Cruzeiro do Sul (Acre) and 9 more municipalities, for
comparison purposes, not covered by the aforementioned
policy, namely: Feijd, Sena Madureira and Tarauca (Acre),
Barcelos, Benjamin Constant and Boca do Acre
(Amazonas) and Buritis, Nova Mamoré and Pimenta
Bueno (Ronddnia), totaling a sample of 18 municipalities
along the border of the Western Amazon that participated
in this study, with the years 2010 and 2018 being the two
periods chosen for data collection. For this, the following
acronyms of the municipalities selected in this work were
adopted in order to facilitate the process of calculation and

International Journal of Advanced Engineering Research and Science, 9(5)-2022

presentation of data, as follows: Tabatinga (TAB),
Guajara-Mirim (GUA), Boa Vista (BOA), Bonfim (BOM),
Macapd (MAC), Santana (SAN), Brasiléia (BRA),
Epitaciolandia, (EPI), Cruzeiro do Sul (CRU), Feijé (FEI),
Sena Madureira (SEN), Tarauca (TAR), Barcelos (BAR ),
Benjamin Constant (BEN), Boca do Acre (BOC) and
Buritis (BUR), Nova Mamoré (NOV) and Pimenta Bueno
(PIM).

2.3 DATA COLLECTION

The economic and social indicators collected from
institutional sources are shown in Table 1 below.

Table 1: Initial survey of quantitative data for the preparation of the regional development index

THEME ‘ INDICATORS SOURCE
Gross Domestic Product per capita, at current prices (R$ 1.00) IBGE (Statistics)
Share of gross value added at current prices of agriculture in the gross .
. . . . . IBGE (Statistics
value added at current prices of agriculture in the federation unit (%) (Statistics)
Share of gross value added at current industry prices in gross value .
. L . . IBGE (Statistics
added at current industry prices in the federation unit (%) (Statistics)
Share of gross value added at current prices of services,
administration, defence, education and public health and social IBGE (Statistics)
security, in added value
Share of gross value added at current prices total in gross value added .
. . . IBGE (Statistics
at current prices total of the federation unit (%) (Statistics)
Gross Domestic Product, at current prices (R$ 1,000) IBGE (Statistics)
economic e G !BGE (Municipal
index livestock research)
IBGE (municipal
Rice production (% in relation to the state) agricultural
production)
IBGE (municipal
Coffee production (% in relation to the state) agricultural
production )
IBGE (Production of
Value of Production of Brazil Nuts (thousand BRL) plant extraction and
forestry)
IBGE (Production of
Value of the production of round wood (Thousand BRL) plant extraction and
forestry)
. . IBGE (demographic
Population ser th water supply (%
pulation served with water supply (%) census )
social Unit No. Health (per thousand inhabitants) DATASUS
index Number of beds (per thousand inhabitants) DATASUS
Number of doctors (per thousand inhabitants) DATASUS
IFDM Consolidated Firjan
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IFDM Employment & Income Firjan
IFDM Education Firjan

IFDM Health Firjan

IDEB - Elementary school (early years) INEP
IDEB - Elementary school (final years) INEP

Source: Own elaboration

Table 2: Survey of quantitative data effectively worked on for the preparation of the regional development index of the

THEME

present study
INDICATORS

Gross Domestic Product per capita, at current prices (R$ 1.00)

SOURCE

IBGE (Statistics)

Share of gross value added at current prices of agriculture in the gross
value added at current prices of agriculture in the federation unit (%)

IBGE (Statistics)

Share of gross value added at current industry prices in gross value
added at current prices of industry in the federation unit (%)

IBGE (Statistics)

Share of gross value added at current prices of services,
administration, defence, education and public health and social
security, in added value

IBGE (Statistics)

economic Participacdo do valor adicionado bruto a precos correntes total no
index valor adicionado bruto a pregos correntes total da unidade da IBGE (Statistics)
federacdo (%)
Gross Domestic Product, at current prices (R$ 1,000) IBGE (Statistics)
number of cattle IBGE (Municipal livestock
research)
. . . IBGE icipal
Coffee production (% in relation to the state) . (mun|C|pa_
agricultural production)
Value of the production of round wood (Thousand BRL) IBGE (P_roductlon of plant
extraction and forestry)
Population served with water supply (%) IBGE (demographic census)
Unit No. Health (per thousand inhabitants) DATASUS
Number of beds (per thousand inhabitants) DATASUS
Number of doctors (per thousand inhabitants) DATASUS
_soual IFDM Consolidated Firjan
index
IFDM Employment & Income Firjan
IFDM Education Firjan
IFDM Health Firjan
IDEB - Elementary school (early years) INEP

Source: Own elaboration

2.4 DATA PROCESSING

This is a factor analysis study. The model in
question follows the calculation reasoning proposed or

www.ijaers.com

applied by Reis [5]; Hair et al [6]; Santana [7] and Santana
[8]; Gama et al. [9]; Santana [10]; Favaro and Belfiore
[11].This model has already been tested and applied in
other studies, such as Cavalcante [12], Paraguassu-Chaves
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etat [13]; Paraguassu-Chaves et.at [14]; Paraguassu-
Chaves etat [15]; Paraguassu-Chaves etat [16];
Paraguassu-Chaves et.at [17]; Paraguassu-Chaves et.at
[18], where it was possible to build indexes within this
methodological perspective. According to Hair et.al [6]
factor analysis is a generic name given to a class of
multivariate statistical methods whose main purpose is to
define the underlying structure in a data matrix.
Complementing this reasoning, the aforementioned authors
also reveal that when summarizing the data, the factor
analysis obtains latent dimensions that, when interpreted
and understood, describe the data in a much smaller
number of concepts than the original individual variables.
The logic of construction of the social and economic
indices, proposed here, therefore follows this reasoning.

These authors reveal that although there is still
much debate about which factor model is the most
appropriate, empirical research has shown similar results
in many cases. Continuing with this reasoning, the authors
state that in most applications, both principal component
analysis and common factor analysis arrive at essentially
identical results if the number of variables exceeds 30, or if
the commonalities exceed 0.60 for most of the variables.

Therefore, factor analysis can identify the structure
of a set of variables, as well as provide a process for data
reduction [6]. In this study, we adopted the same
methodological procedures already experienced by the
authors in other research experiences. Thus, the factor
analysis model adopted here is very similar to the principal
components model, according to Santana [7] and Santana
[8]. Also according to this author, the principal
components model with m components and p variables (q
< p), can be written based on the description presented by
Dillon; Goldstein (1984), in which the model is presented
in matrix form (Equation 1):

CP, =Yy Xy + Vi X + -+ VipXp
CPy = Yy Xy + Yoo Xy + -+ YopXp
Equation (1)
CPy = You Xy + Yoo Xy + -+ + Yo X,
On what:
CPi = are the i-th principal components (i =1, 2, ...,
q);
ij = are the coefficients related to each variable;
Xj = are the jth variables (j =1, 2, ..., p).

On the other hand, the basic model of factor
analysis, according to Santana [7] and Santana [8],
expresses each variable in terms of common latent factors
and a single factor or specific factor. The algebraic
representation of the model is given by equation 2:
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Xl = /111FC1 + /112FC2 + -+ AIqFCq + &1
XZ =/‘121FC1 +ﬂ.22FC2 + "'+A.2qFCq +£2
Equation (2)

Xp = }lplFCI + /'lszCZ + -+ quFCq + Smp
On what:
Xi = are the i-th variables (i=1, 2, ..., p);

ij = are the coefficients related to each common
factor;

FCj = are the jth common factors (j =1, 2, ..., q);
i = are the i-th specific factors.

Thus, according to the author in question, the basic
model of common factors is usually expressed in matrix
form as in equation 3, according to Dillon; Goldstein [19]:

X =aF + ¢ Equation (3)
Being,

the p-dimensional, vector transposed of the observable
variables, denoted by X = (X4, X2,..., Xp);

F the g-dimensional, vector transposed of unobservable

= variables or latent variables called common factors,
denoted by F = (fy, f2,..., fy), being that q < p;

¢ the p-dimensional vector transposed of random variables

= or single factors, denoted by € = (ey, €2,..., €p);

the matrix (p,q) of unknown constants, called factor
= loadings.

In the factor analysis process, an important aspect
to be submitted to the data is the rotation of factors,
through a factorial rotation tool, according to Hair e.al [6].
In practice, according to the same authors, the objective of
all rotation methods is to simplify the rows and columns of
the factor matrix to facilitate interpretation. Thus, it is
assumed that in the factor analysis model the specific
factors are orthogonal to each other, with all the common
factors, where it is normally adopted that: E (¢)=E (F) =0
and Cov (g, F) = 0, according to Gama et.al., 2007 and
Santana, 2007a. According to these authors, the initial
structure used to determine the factor loading matrix, in
general, may not provide a significant pattern of variable
loadings, thus indicating that there is not something that
signals a definitive way for this to occur. Thus, the
confirmation or not of this initial structure can be done
through various methods of factor rotation, according to
Dillon; Godstein [19]; Johnson and Wichern [20]. For the
purpose of the present construction of the regional
development performance index, the VARIMAX method
was adopted, considered one of the most popular methods
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of orthogonal rotation of factors [6]. The VARIMAX
method is a process in which the reference axes of the
factors are rotated around the origin until some other
position is reached. The objective is to redistribute the
variance from the first factors to the others and reach a
simpler and theoretically more significant factor pattern
(HAIR et al [6]; SANTANA [7] and SANTANA [8];
GAMA et al [9]; SANTANA [21]; SANTANA[22].

The choice of factors, in turn, is performed using
the latent root technique. According to Hair et.al.[6]latent
root is the column sum of factor loadings squared for a
factor. Also called eigenvalue, it corresponds to the
amount of variance explained by a factor. According to
these authors, a factor is understood to be the linear
combination (statistical variable) of the original variables.
The factors also represent the latent dimensions
(constructs) that summarize or explain the original set of
observed variables. Thus, the factor loading matrix that
measures the correlation between common factors and
observable variables is determined through the correlation
matrix, according to Dillon; Goldstein[19]. Therefore, to
determine the performance indices of economic and social
development, we used the matrix of factor scores estimated
by the factorial orthogonal rotation process, as pointed out
by Santana[21]. The factor score, by definition, places
each observation in the space of common factors. For each
factor fj, extracted factor score is defined by Fij, expressed
as follows (equation 4) [19]:
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measurement units of the x variables. To get around this
type of problem, the variable x is replaced by the
standardized variable w, (equation 6), given by the ratio
between the deviation from the mean and the standard
deviation of x, as follows:
w;; =Equation (6)
With these values, equation 6 is modified making
equation 7 possible, as follows:
F(n,q) = w(n_q)[)’(p,q)Equation (7)

Based on equation 7, the beta weight matrix ()
with g standardized regression coefficients, replaces b,
given that the variables are standardized on both sides of
the equation. Pre-multiplying both sides of equation 6 by

the value %w’, where n is the number of observations and
w' is the transposed matrix of w, makes it possible to arrive
at equation 8 [22]:
1 1
~WonFng = -WenWanBea =
R(p,p).B(p,q) Equaﬁon (8)

According to Santana[22]the matrix %w’w it is

constituted in the matrix of inter-correlated variables or
matrix of correlation between the observations of the

matrix X, designated by R. The matrix %W’F represents the

correlation between factor scores and the factors
themselves, denoted by A. Thus, rewriting Equation 9, we
have that:

Aw.q) = RoppmBwp,gEauation (9)

Being that: The same author continues revealing that if the
bi = are the estimated regression coefficients for the n commopEeiRIRCRIé®n-singular, one can pre-multiply both sides
xij=  are the n observations of the p observable variables. of equation 10 by the inverse of R, obtaining:
i= 1,2,..n. B = R™1AEquation (10)
j= 1,2,...,p. Thus, substituting the g vector in equation 4, we

Gama et al [9] and Santana [22] show the
evolutionary sequence of the formulas from the previous
equation, which allows arriving at the equation that
represents the regional development performance index of
the municipalities object of the present study. Thus,
according to the authors, it appears that although the
variable Fjj is not observable, it can be estimated using
factor analysis techniques, using the matrix of observations
of the vector x of observable variables. In factorial
notation, equation 5 becomes:

Fog = X(n,q)b(p,q)Equation (5)

According to Santana[22], in equation 5, F is the
regression matrix estimated from the n factor scores, which
can be affected both by the magnitude and by the
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obtain the factor score associated with each observation
(equation 11), as follows:

— -1 -
Fog) = Wap)R(pp) A, Equation (11)

Thus, the main formula for the socioeconomic
performance index (IDSE) of the municipalities studied is
arrived at, from the perspective of the perception of
regional development, which is defined as a linear
combination of these factor scores and the proportion of
variance explained by each factor in relation to to the
common variance. The mathematical expression is now
represented by the following formula (equation 12), which
was based on Santana[22]:

IDL; =%, <% FPij)Equation (12)

Where,
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i= 1,2,..,n.

A= the variance explained by each factor;

A= the sum total of the variance explained by the set of CO”&'@RQ@%‘%HE&

The factor score was standardized (FP) to obtain
positive values from the original scores and allow the
ranking of performances to be determined by the index in
question, which ranges from 0 to 1. The formula that
allows this hierarchy can be seen by equation 13:

FP; =Equation (13)

It is thus seen that F,;, € Fpq, are the maximum
and minimum values observed for the factor scores
associated with the performance of the socioeconomic
development index (IDSE) from the perspective of the
perception of regional development adopted for the present
study.

With this, with multiple potential for use, due to the
wide capillarity of studies linked to the interest in better
understanding and analyzing, in practice, the theme of
socioeconomic development and the scenarios of the local
and regional reality around the Brazilian western Amazon
region, which the analysis of economic and social
indicators based on the multivariate method of data, using
the technique of factor analysis and statistical tools from
SPSS, allows the construction of a critical view of
SUFRAMA's policy and its reflection in the perspective of
regional development.

It is hoped, therefore, that this work can help in
debates in terms of public policies for regional
development, considering the economic and social focus as
the axis of analysis. Thus, in the current scenario, where
the issue of the Amazon has been more effectively
demanded at the negotiation tables for the conclusion of
bilateral or multilateral agreements in the spheres of
economic and social integration, such as economic blocs,
common markets, cooperation between countries, channel
efforts to the field of academic debate, from the critical
view applied to the process of understanding and
interpreting the regional reality, its internal dynamics and
the trend of its historical trajectory, thus allowing to build
a clear and objective perception of the reality object of the
present study, in order to bring new elements and new
bases for discussion in the context of SUFRAMA's policy
focused on aspects of economic and social development.

2.5 DATA ADEQUACY CRITERIA FOR FACTOR
ANALYSIS

According to Santana[22], the two main tests that
assess data adequacy for factor analysis are the Bartlett
sphericity tests, which assess the general significance of
the correlation matrix, that is, it tests the null hypothesis
that the correlation matrix correlation is an identity matrix;
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and the Kaiser-Meyer-Olkin (KMO) test, which is based
on the principle that the inverse of the correlation matrix
approximates the diagonal matrix, in order to compare the
between the observable variables. Such
models can be expressed in mathematical formulas. Said
mathematical formulas of these tests are based on Dillon;
Goldstein [19]; Reis [5], Santana [22].

a) Bartlett's test

According to Santana [22], in particular, the Bartlett
test of sphericity tests the null hypothesis that the variables
are independent, against the alternative hypothesis that the
variables are correlated with each other, as can be
represented as follows, according to the said author:

HO:R = ]OuHO:/Lz AZ = e = /‘lp7 (Equa’[IOI’I 14)
and is given by:
¥2 = —[n— 1 _%(Zp + 5)].6 | R| (Equation 15)
ou
X2 = — [n 1= % 2p + 5)] .Zle. €. A;(Equation
16).
On what:

|R| is the determinant of the sample correlation
matrix;

) is the variance explained by each factor;
n is the number of observations; and
p is the number of variables.

The statistic has an asymptotic distribution of x2
com [0,5.p.(p-1)] degrees of freedom.

b) Kaiser-Meyer-Olkin (KMO) test

The mathematical formulas for these tests were
based on Dillon; Goldstein [19], Reis [5], according to
Santana [22]:

)
227 —(Equation 17)

KMO = — 22775
ZiZjTij"'ZiZjaij

On what:

rij is the sample correlation coefficient between variables
xi and xj;

aij is the partial correlation coefficient between the same
variables that is, simultaneously, an estimate of the
correlations between the factors, eliminating the effect of
the other variables.

The aij should assume values close to zero, since
the factors are assumed to be orthogonal to each other.
Values of this test below 0.5 are unacceptable [6].
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c) Commonality

In addition to the two previous tests, there is also
commonality as an important criterion for testing the
suitability of data for factor analysis. In this sense,
commonality is the proportion of common variance present
in a given variable. Thus, on a scale of zero to one, a
variable that does not present specific variance or error
would have a commonality of 1, while a variable that does
not share variance with any other variable would have a
commonality of value 0. In general, the literature indicates
a minimum value of 0.5 for commonality to be considered
satisfactory. Therefore, for a variable to work well in a
factor analysis, it needs to have a large proportion of
common variance (HAIR etal [6]; MATOS and
RODRIGUES [23]). In the specific case of this study, the
cumulativeness met the requirements for factor analysis.

2.6 SCALE ADOPTED FOR ANALYSIS OF SOCIAL
AND ECONOMIC INDICES

Below is table 3, which illustrates the description of
the scale adopted for this study.

Table 3: Index scale and description

Scale Description

0.801 to 1.000 Very high
0,601 to 0,800 High
0,401 to 0,600 Regular
0,201 to 0,400 Weak

< 0,200 Very weak

Source: Authors

1. DATA ANALYSIS AND DISCUSSION

3.1 Determination of the economic index of
municipalities with SUFRAMA: 2010 and 2018

The economic development index for the
municipalities assisted by the SUFRAMA policy in 2010.
The highest rates found corresponded to the municipalities
of Macapa (0.717) and Boa Vista (0.652), capitals of the
States of Amapa and Roraima, respectively. Next, the
municipality of Brasiléia (Acre) presented an index of
0.307, followed by the municipality of Santana (Amapa) of
0.239. The other municipalities presented indexes below
0.200, which here was classified as having very low
performance.

In 2018, the economic development index was
higher in Boa Vista (Roraima) with an index of 0.713 and
in Macapa (Amapa) with an index of 0.626, followed by
Brasiléia (Acre) with 0.319, Bonfim (Roraima) with 0.243
and Epitaciolandia ( Acre) with 0.224, and the other

WWwWw.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

municipalities presented performances below 0.200. The
municipality with the highest growth rate in the IDEC in
the period in question were the municipalities of Bonfim
(Roraima) with 57.3% growth, Epitaciolandia (Acre) with
35.4% and Guajara-Mirim (Rondbénia) with 13.1%. The
municipalities that presented the highest negative growth
rates were: Santana (Amapd) with -21.3% and Macapa
(Amapa) with -12.8%.

3.2 Determination of the social index of municipalities
with SUFRAMA: 2010 and 2018

From the point of view of social development based
on the year 2010, the two capitals continue to stand out in
relation to the other municipalities assisted by the
SUFRAMA policy, with Macapd (Amapa) reaching an
index of 0.581 and Boa Vista (Roraima) of 0.580. Next, in
descending order, come the municipalities of Santana
(Amapa) and Brasiléia (Acre), which reached,
respectively, social development indices of 0.402 and
0.388. Then, also in descending order, are the
municipalities of Cruzeiro do Sul (Acre) with 0.319;
Guajara-Mirim (Rondbnia) with 0.310; Epitaciolandia
(Acre) with 0.303; Bonfim (Roraima) with 0.258 and
Tabatinga (Amazonas) with an index below 0.200.

According to the IDSO results for the year 2018 in
relation to the municipalities assisted with the SUFRAMA
policy, the highest IDSO was observed in the municipality
of Boa Vista (Roraima) with a performance of 0.700. Next
come the municipalities of Cruzeiro do Sul (Acre) with
0.508; Brasilandia (Acre) with 0.487; Macapa (Amapé)
with 0.447; Guajara-Mirim (Rondénia) with 0.373;
Epitaciolandia (Acre) with 0.342; Tabatinga (Amazonas)
with 0.338; Bonfim (Roraima) with 0.322; Santana
(Amapa) with 0.319.

From the point of view of growth in the analyzed
period (IDSO-2010 and IDSO-2018), it appears that only
22.2% of the municipalities assisted by the SUFRAMA
policy had negative growth rates and this reality was
observed exclusively in the municipalities of Amapa
participating in this study, where the municipality of
Macapa presented a rate of -23.0% and Santana with -
20.7% of growth in the period. The other municipalities
showed positive growth rates, especially Tabatinga
(Amazonas) which achieved the highest growth rate in the
period (222.6%). The others showed the following growth
rates, in descending order, Cruzeiro do Sul (Acre) =
59.3%, Bonfim (Roraima) = 35.1%, Boa Vista (Roraima)
= 20.7%, Guajara-Mirim ( Rondbnia) = 20.6% and
Epitaciolandia (Acre) = 12.9%.
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3.3 Determination of the economic index of

municipalities without SUFRAMA: 2010 and 2018

The IDEC of the municipalities that are not assisted
by the SUFRAMA policy reached a performance
considered “low” for 40% of them and “very low” for the
other 60%. In descending order, the performance found
follows the following sequence: Pimenta Bueno
(Rond6nia) = 0.329, Sena Madureira (Acre) = 0.229. The
other municipalities presented results below 0.200.

The distribution of performances in 2018 followed
practically the same trends observed for 2010. Thus, in
descending order, the performance of IDEC 2018
corresponded to the following sequence: Pimenta Bueno
(Rondénia) = 0.326, Buritis (Ronddnia) = 0.283, Nova
Mamoré (Ronddnia) = 0.248 and Sena Madureira (Acre) =
0.202. The other municipalities presented results below
0.200.
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Thus, these results allow analyzing the growth rate
in the period in question, that is, between 2010 and 2018,
in relation to the IDEC. As a result, a negative growth rate
was observed in 60% of the municipalities, namely:
Barcelos (Amazonas) =-100%, Benjamin Constant
(Amazonas) = -42.1%, Sena Madureira (Acre) = -11, 9%,
Tarauaca (Acre) = -2.8% and Pimenta Bueno (Rondbnia) =
-0.9%. On the other hand, the other municipalities showed
positive growth rates, namely: Boca do Acre (Acre) =
179.1%, Feijé (Acre) = 13.1%, Buritis (Ronddnia) = 7.7%
and Nova Mamoré (Rondonia) = 5.4%.

3.4 Determination of the social development index of
municipalities without SUFRAMA: 2010 and 2018

Graph 1 illustrates the results of the IDSO-2010 for
the municipalities without SUFRAMA surveyed.

Graph 1: Social development index of municipalities without Suframa: 2010

IDSO-2010 - municipios sem suframa
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Source: Determined by research.

The IDSO - 2010 for the municipalities without
SUFRAMA, illustrated by graph 1, with the exception of
the municipality of Pimenta Bueno (Rondbnia) which
achieved the highest performance among the other
municipalities, however with a scale level classified as
"regular" performance, when reaching the IDSO of 0.598,
corresponding to approximately 10% of the representation
of the municipalities, indicates a scenario of either very
low performance, as was the case of almost all
municipalities in this performance range, that is,
approximately 70% of them, or of low performance , for
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BAR

0.598
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the remaining 20% of the municipalities (Graph 2). Thus,
the municipalities with low performance were: Buritis
(Rond6nia) = 0.317 and Boca do Acre (Amazonas) =
0.215. The municipalities with very low performance, in
descending order, were: Sena Madureira (AC) = 0.142,
Feijo (Acre) = 0.099, Nova Mamoré (Rond6nia) = 0.092,
Tarauacd (Acre) = 0.040 and Barcelos (Amazonas) =
0.026 . Graph 2 presents the results of the social
development index for the year 2018 for the
municipalities not covered by the SUFRAMA policy.
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Graph 2: Social development index of municipalities without Suframa: 2018
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Source: Determined by research.

Chart 2 shows a trend in the behavior of the results
similar to that shown in the previous chart, which
corresponded to 2010 data. Thus, in descending order, it is
noted that the highest performance was achieved by the
municipality of Pimenta Bueno (Rondbnia) with 0.644,
followed by the municipalities of Boca do Acre
(Amazonas) with 0.414, Buritis (Ronddnia) with 0.401,
Sena Madureira (Acre ) with 0.275, Benjamin Constant
(AM) with 0.255, Nova Mamoré (Rond6nia) with 0.237,

Tarauaca (Acre) with 0.232 and Feijé (Acre) with 0.213.
The municipality of Barcelos (Amazonas) was the only
one to have a performance below 0.200 in this analysis.

Table 4 presents all the results found for the social
and economic indices for the years 2010 and 2018, along
with the respective growth rates observed in the period.

Table 4: Socioeconomic indices determined by the survey for the municipalities surveyed for the years 2010 and 2018 and
the growth rates in the period.

ipso- | bso- | "™ | ipec- | ipec. | Crovh et
Municipalities| 5510 | 2018 r;t)e 2010 | 2018

TAB 0,105 | 0338 | 2226 | 0024 | 0023 48
GUA 0310 | 0373 | 206 | 0116 | 0131 13,1
BOA 0580 | 0700 | 207 | 0652 | 0713 9,3

BON 0238 | 0322 | 351 | 0154 | 00243 57,3
MAC 0581 | 0447 | 230 | 0717 | 0626 128
SAN 0402 | 0319 | 207 | 0239 | 0188 213
BRA 0388 | 0487 | 254 | 0307 | 0319 3,7

CRU 0319 | 0508 | 593 | 0169 | 0,166 2.1
EPI 0303 | 0342 | 129 | 0166 | 02024 354
FEI 0099 | 0213 | 1157 | 0112 | 0126 131
SEN 042 | 0275 | 935 | 0229 | 00202 11,9
TAR 0040 | 0232 | 4872 | 0125 | 0121 238
BAR 0,026 | 0169 | 5429 | 0015 | 0,000 7100
BEN 0,055 | 0255 | 3671 | 0023 | 0013 42,1
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BOC 0,215 0,414 92,9 0,063 0,176 179,1

BUR 0,317 0,401 26,3 0,263 0,283 1,7

NOV 0,092 0,237 157,7 0,235 0,248 54

PIM 0,598 0,644 7,7 0,329 0,326 -0,9

Source: Search result.. Subtitle: Municipalities WITH

SUFRAMA
Municipalities WITHOUT
SUFRAMA

Based on this table, it was possible to organize the
results found for the IDEC and IDSO indexes grouped in
the two groups of municipalities studied in this study: with
SUFRAMA and without SUFRAMA.

Thus, associating the respective indices with the
scale adopted in this study, tables from 5 to 6 were

prepared with the objective of distributing the results
found by the cities surveyed according to the parameters
adopted. Table 5, in turn, deals with the IDSO-2010 and
IDSO-2018 for the municipalities assisted by the
SUFRAMA policy.

Table 5: Classification of municipalities with SUFRAMA according to the scale of this research based on the social index.

Scale Description IDSO-2010 IDSO-2018
Regular BOA, MAC, SAN MAC, BRA, CRU
Weak GUA, BOM, BRA, CRU, EPI TAB, GUA, BOM, SAN, EPI

TAB -

<0,200 Very weak

Source: Search result.

The municipalities of Boa Vista (Roraima), Macapéa
(Amapd) and Santana (Amapd), in 2010, reached the same
level of performance, classified as “regular”. The
municipalities of Guajard-Mirim (Rondbnia), Bonfim
(Roraima), Brasiléia (Acre), Cruzeiro do Sul (Acre) and
Epitaciolandia (Acre) achieved a performance considered
weak in this study. O pior desempenho foi registrado para
0 municipio de Tabatinga (Amazonas) que teve um
desempenho muito ruim. In 2018, the situation improves
for the municipality of Boa Vista (Roraima), which
achieves a performance considered ‘“high”. The
municipality of Macapd (Amapa) remains at the same
performance level as it was in 2010, that is, it remains at
the “regular” level of performance in 2018. The
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municipality of Santana (Amap4) also recorded a drop in
the period from 2010 to 2018, going from a “regular”
performance to a “poor” performance in the last year of
analysis. With the exception of the municipality of
Cruzeiro do Sul (Acre), which rose in the performance
category in 2018, upon reaching the high performance
scale, all other municipalities that had a “poor”
performance in 2010 remained in the same performance
range in the year 2018. Added to this list of municipalities
with poor performance was the municipality of Tabatinga
(Amazonas), which in the previous year had a performance
considered very weak (Table 5).

Table 6 deals with the IDEC-2010 and IDEC-2018
for the municipalities covered by the SUFRAMA policy.
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Table 6: Classification of municipalities with SUFRAMA according to the scale of this research based on the economic

index.

Scale Description IDEC-2010 IDEC-2018
0,801 — 1,000 Very high - -
0,601 — 0800 High BOA, MAC BOA, MAC
0,401 - 0,600 Regular - -
0,201 - 0,400 Weak SAN, BRA BOM, BRA, EPI

<0,200 Very weak TAB, GUA, BOM, CRU, EPI TAB, GUA, SAN, CRU

Source: Search result.

From table 6 it is possible to observe that the performance, since in 2010 both municipalities were in the
municipalities of Boa Vista (Roraima) and Macapa range of very poor performance. Thus, in 2018, the
(Amapé) remained in the same high performance category municipality of Santana (Amapd) falls into the range of
of the IDEC in both analyzed years, no municipality was very poor performance, in addition to the municipalities of
observed in the category of very high or regular Tabatinga (Amazonas), Guajard-Mirim (Rond6nia) and
performance. In 2010, only the municipalities of Santana Cruzeiro do Sul (Acre) that remained at this level of very
(Amapd) and Brasilandia (Acre) had regular performance. poor performance in the period from 2010 to 2018.

However, in 2018, only Brasilandia (Amapd) remains in
this category, along with the municipalities of Bonfim
(Roraima) and Epitaciolandia (Acre) that increased in

Tables 7 and 8 refer to municipalities not covered
by the SUFRAMA policy for IDS0 2010-2018 and IDEC
2010-2018, respectively.

Table 7: Classification of municipalities without SUFRAMA according to the scale of this research based on the social index.

Scale Description IDSO-2010 IDSO-2018

Regular PIM BOC, BUR
Weak BOC, BUR FEI, SEM, TAR, BEM, NOV
Very weak FEI, SEM, TAR, BAR, BEM, NOV BAR

Source: Search result.

In relation to table 7, it is possible to observe, with 2018. In the same way that the municipalities of Boca do
the exception of the municipality of Barcelos (Amazonas) Acre (Amazonas) and Buritis (Rondbnia) that were in the
which remained in the same category of very poor low performance range in 2010 reach, in 2018, the regular
performance in the two years surveyed, the other performance range. And the municipalities of Feijé (Acre),
municipalities rose in performance category in the period Sena Madureira (Acre), Tarauacd (Acre), Benjamin
from 2010 to 2018. Thus, the municipality of Pimenta Constant (Amazonas) and Nova Mamoré (Rond6nia),
Bueno (Rondbénia), which was in the regular performance which were in the range of very poor performance in 2010,
range in 2010, moves to the high performance category in moved up to the range of weak performance in 2018.

Table 8: Classification of municipalities without SUFRAMA according to the scale of this research based on the economic
index.

Scale Description IDEC-2010 IDEC-2018
0,801 - 1,000 Very high
0,601 — 0800 High - -
0,401 - 0,600 Regular - -
0,201 - 0,400 Weak SEM, NOV, PIM, BUR SEM, NOV, PIM, BUR
<0,200 Very weak FEI, TAR, BAR, BEM, BOC FEI, TAR, BAR, BEM, BOC
Source: Search result.

www.ijaers.com Page | 30


http://www.ijaers.com/

Cavalcante et al.

Table 8, in turn, illustrates the result for the
performance of the economic development index for the
municipalities not covered by the SUFRAMA policy.
Based on this table, it is possible to observe that the two
scenarios inherent to the performance of IDEC-2010 and
IDEC-2018, there was no change in the period. Thus, the
municipalities of Sena Madureira (Acre), Nova Mamoré
(Rond6nia), Pimenta Bueno (Rondbnia) and Buritis
(Rondénia), which were in the low performance range in
2010, remained in the same range in 2018. Likewise, the
municipalities of Feijé (Acre), Tarauaca (Acre), Barcelos
(Amazonas), Benjamin Constant (Amazonas) and Boca do
Acre (Amazonas) remained in the range of very poor
performance for the two analyzed periods. In this way, it
can be seen that there was a concentration of
municipalities in the range of "weak" or "very weak"
performance for the year 2010 and 2018, unchanged.

Municipalities of Macapa (Amapa) and Boa Vista
(Roraima) compare themselves in comparison with other
surveyed municipalities present the highest social and
economic performances for the year 2010. Pimenta Bueno
(Rondénia) also stands out for presenting a relatively high
social index, the other municipalities surveyed had average
performances with a tendency to weak or very poor
performance for the two indexes surveyed, considering the
scale adopted in this work.

The results point to the high performance of the
municipalities of Boa Vista (Roraima) and Macapé
(Amapa) for the IDEC-2018 and the high performance of
the IDS0O-2018 for the municipalities of Boa Vista
(Roraima) and Pimenta Bueno (Rond6nia). In view of this
context, the other municipalities were distributed in a
range either with regular performance or with weak and
very poor performance, in general.

Thus, analyzing the data presented so far, the
complex reality of the Amazonian municipalities calls
attention, which, not infrequently, tends to demonstrate a
scenario that still lacks a regional development process
that can in fact lead to a perspective of institutional
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change, according to North[24]and that, therefore, can lead
them to new trajectories, to new scenarios, to new levels.
However, what is evident in this work is that although
there is a certain dynamic among the cities surveyed, in
general, such dynamics are located at a critical level,
where the signal is alarmed. This indicates that there is a
need for greater attention from the government as an agent
of change through public policies, within a context of
endogenous or local development. However, there is
another aspect that has not been researched, but that is
essential for such a change to occur. It is about social
capital as a collective mechanism for the convergence of
forces, in order to enhance what there is of aptitude in the
region, within an internal social perspective based on the
context of endogenous development.

Such results indicate that development is still
something difficult to be perceived within the Amazon
regional context. Thinking about the Amazon with its
peculiarities and complexities is the best way to go.
However, in general terms, this is not what happens in
practice. And the result ends up producing scenarios with
multiple variables that end up interfering in some way in
the local and regional dynamics. Understanding and
interpreting such a complex reality is the challenge that
continues to be projected in time and space, owing, even,
to the economy, the challenge of contributing to the
explanation of the phenomena that tend to have
increasingly complex behaviors of reality. For this, it is
necessary to find orthodox and/or heterodox economic
forms of development capable of pulling up this scenario
observed by the surveyed municipalities, which still tend
to rest their dynamics on the lowest levels of development,
with reflections, including, on the quality of local and
regional life.

Graph 3, below, illustrates the results found for the
IDSO-2010 and IDS0O-2018 for all the municipalities
surveyed. Based on it, it is possible to verify a certain
improvement in the social development index, both for
2010 and 2018.
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Graph 3: Social performance index of the surveyed municipalities.
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Thus, it can be seen from graph 3 that 70% of the
municipalities assisted by the SUFRAMA policy showed
improvements in their performance from 2010 to 2018
and, in the same way, 100% of the municipalities not

served by this policy had their rates improved from 2010
to 2018. Graph 4, in turn, concerns IDEC-2010 and IDEC-
2018.

Graph 4: Economic performance index of the surveyed municipalities.
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Based on this graph, it appears that there was
almost no change in performance in the two years
surveyed. However, 50% of the municipalities assisted by
the SUFRAMA policy had a small and slight improvement
in 2018 when compared to 2010. Regarding the
municipalities without SUFRAMA, it was observed that
approximately 30% of the municipalities had a slight
improvement in performance. Aiming to obtain new
perspectives of analysis, tables 9 and 10 were constructed

WWwWw.ijaers.com

that deal with the distribution and frequency of the indexes
for a certain level of scale for the municipalities with
SUFRAMA and without SUFRAMA, respectively. It can
be observed that 66.7% of the municipalities served by
SUFRAMA that participated in this research presented
“weak” and “very weak” performance for the social
development index for the year 2010. For 2018 this index
was even higher, reaching 77.8% with low performance
level.
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Table 9: Distribution and relative frequency of the socioeconomic indices of the municipalities WITH SUFRAMA determined

by the survey.
Scale Description IDSO-2010 IDSO-2018 IDEC-2010 IDEC-2018
qde % qde % Qde % qde %
0,801 — 1,000 Very high - - - - - - - -
0,601 — 0,800 High - - 1 111 2 22,2 2 22,2
0,401 — 0,600 Regular 3 33,3 3 33,3 - - - -
0,201 - 0,400 Weak 5 55.6 5 55,6 2 22,2 3 33,3
> 0,200 Very weak 1 11,1 - - 5 55,6 4 44,5
Total - 9 100% 9 100% 9 100% 9 100%

Source: Search result.

Although the SUFRAMA policy is a reality for
these municipalities, it is noticeable from the data and
indices analyzed that such a scenario could be even worse
if such a policy did not exist. This allows us to point out
that it is not simply a matter of denying the importance of
the aforementioned regional development policy, but of
stating that there is a need to redirect the strategic focus so
that SUFRAMA's policy can be felt more strongly by
society in general, especially those residing in local level

In this sense, it is worth noting, in general, the fact
that the taxes generated by economic activities in these
municipalities assisted by the policy of influence of the
Manaus Free Trade Zone are normally directed to the

federal government treasury, with no possibility of part of
this amount being applied in the region covered by the said
policy. Thus, the return of part of these values transferred
to the treasury to be applied in local public policies seems
to us to be a fair measure for strategic planning in favor of
local and endogenous development. Thus, strengthening
the internal social capital and the natural vocation of these
regions that could focus their planning in favor of actions
that aim to guarantee greater investments in infrastructure,
health, education, etc. In relation to the municipalities
unassisted by the SUFRAMA policy, the result was even
worse. (Table 10).

Table 10: Distribution and relative frequency of socioeconomic indices of municipalities WITHOUT SUFRAMA determined
by the survey.

Description

IDSO-2010

IDSO-2018 IDEC-2010 IDEC-2018

_ Regular 1 11,1 2 22,2 - - - -
_ Weak 2 22,2 5 56,6 4 44,4 4 44,4
_ Very weak 6 66,7 1 11,1 5 55,6 5 55,6
_ - 9 100% 9  100% 9  100% 9  100%

Source: Search result.

In this sense, 88.9% of these municipalities were at
the “weak” and “very weak” level of development, both in
2010 and 2018. Regarding the economic development
index for the year 2010, it was observed that 100% of the

municipalities presented “weak” and “very weak”
performances for both 2010 and 2018.

Although these results have been reached, further
research and deeper analysis is necessary due to the
multiple variables that may be acting and interfering in the
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dynamics observed in this study. Anyway, the present
study signals a worrying scenario in terms of regional
development, seen here based on economic and social
indices, which allows new abstractions regarding the
Brazilian Amazon region. By taking the average of the
indexes between the municipalities with SUFRAMA and
without SUFRAMA, with the objective of verifying, in a
comparative way, the two samples of municipalities
surveyed, we arrive at graph 5.

From this graph, it is possible to notice that in all
scenarios the average of the indices presented by the

International Journal of Advanced Engineering Research and Science, 9(5)-2022

municipalities with SUFRAMA exceed the average of the
municipalities without SUFRAMA. The fact that the
capitals of Roraima and Amapa are participating in this
sample of municipalities, in some way, may have
contributed to this scenario. However, this does not
preclude the results found, which showed some coherence
with the reality in question. This observation serves so that
future studies can analyze this aspect in order to
corroborate or not with the results achieved here.

Graph 5: Average of social and economic indices of municipalities with and without SUFRAMA: 2010 and 2018.

AVERAGE OF SOCIAL AND ECONOMIC INDEXES
OF MUNICIPALITIES WITH AND WITHOUT
SUFRUMA: 2010 AND 2018
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This analysis is important because it
demonstrates that the economic issue is reflected in the
social issue and vice versa. This analysis is in line with the
thought of North[24], where social culture, built on the
basis of a historical perspective, has a strong relationship
with the development process of a region. Putham[25]
demonstrated this aspect when studying the reality of Italy
for 20 years and found the power of social capital and its
reflection on citizenship and the degree of development of
Italian regions that occurred differently due to differences
in traditions and culture. This aspect in the Amazon was
worked on by Cavalcante[12] where he found that in
Ronddnia there are two historical scenarios that produced
two very different societies in Rondénia, with different
cultures and that this has influenced the dynamics of
regional development to the point of demonstrating that
social capital it is a factor that has interfered with intensity
for the status quo of these regions in a differentiated way,
each one in its dynamics and in its rhythm.

Thus, the starting point for a better
understanding of this dynamic is the historical-economic
formation of these regions, in order to allow a better
critical analysis of the culture and its respective processes
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of endogenous development. Corroborating with the
thought of North[24] where the social is the basis for
understanding the dynamics or stagnation of an economy,
that is, the economic is not the cause but a consequence of
a certain institutional arrangement built by the social force
of the place, it allows to trace new future perspectives of
studies in the field of social capital as a means to
understand, from the historical trajectory, the present
scenario and, from it, the future of the region. In view of
this, studies in this direction prove to be quite fertile to
understand the Amazon scenario and its peculiarities
materialized in its multiple variables that normally escape
the context of the everyday national scenario of large
urban-industrial centers. Understanding such dynamics
involves  expertise and requires  methodological
instruments capable of dealing with a complex reality such
as, in general, the regions inserted in the Brazilian Amazon
context.

(AVA FINAL CONSIDERATIONS

The research brought as a challenge to analyze the
reality of Amazonian municipalities based on economic
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and social indicators in order to determine the regional
development index and, from there, analyze the degree of
performance achieved by the municipalities assisted with
the regional development policy linked to the context of
the SUFRAMA policy in comparison with municipalities
that were not contemplated with the aforementioned public
policy in order to analyze its effect from the perspective of
economic and social development.

The use of the quantitative method with the use of
factor analysis allowed the impartial character of the
research, since all the procedures performed in this work
strictly followed the methodological procedures, thus
avoiding any possibility of imposing or influencing a trend
in the behavior of the data. Only after the construction of
the indices and procedures that led to their systematization
that make it possible to have the necessary conditions to
analyze the results found.

In general, a low level of economic and social
development of the surveyed municipalities was
evidenced, indicating a reality that goes through challenges
that need to be overcome and focused on the local reality
in an integrated way to the national context such as
logistics, infrastructure, health, education and aspects
economic and socio-environmental issues as the main axis
of strategic vision to overcome such a regional challenge.
Such results can, in the first place, serve as a counterpoint
to the main reason for maintaining the SUFRAMA policy
in the region. However, the fact that this scenario of weak
or very weak regional development observed in the
municipalities that participated in this study, including the
municipalities that are not assisted by the SUFRAMA
policy, allows us to conclude, therefore, that this is a
reality faced in the Amazon region as a whole, and that,
therefore, should be the object of future research, in order
to determine which factors contribute to this scenario,
which may require other statistical methods used in the
multivariate analysis of data, such as multiple regression,
among other available models and applicable to specific
cross-sectional data sets or time series or a combination of
both.

On the other hand, based on the ceteris paribus
concept, an analysis can be made from the endogenous
point of view of SUFRAMA's regional development
policy based on the indices and results found in this study.
In this way, it was evident that even with performances, in
general, depressing in terms of the performance of IDEC
and IDSO, especially in the municipalities assisted by the
aforementioned policy, even so it is still necessary for the
development of the region, in view of many of these
municipalities, characterized by being significantly limited
by nature conservation units and indigenous lands that end
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up, in some way, limiting productive areas, which
strengthens the maintenance of the SUFRAMA policy as
an alternative strategic action in search of sustainable
development of these regions, in particular, and the
Western Amazon more generally. In addition, it was
shown that even with low levels of economic and social
development in this study, the municipalities covered by
the SUFRAMA policy presented a slightly better scenario
compared to those not covered by this federal government
policy, showing some type of influence of this policy in
the local reality.

From the point of view of the growth pole theory
and the economic development pole brought by Perroux, it
is clear that it was not possible to observe the effects of
this reality in the municipalities covered by the
SUFRAMA policy and which participated in this study.
Even so, it is clear that the scenario could be more serious
if such a policy did not exist in the respective regions.
Perhaps therein lies the biggest problem of this policy in
not having yet managed to produce a prosperous and
autonomous environment of endogenous development,
which seems to impact the way of seeing the
aforementioned policy not as an element of change in the
local and regional reality, but as a welfare policy.
generating behavior dependent on government actions that
ends up contributing in some way to low social capital,
human capital and, consequently, the impact of this
behavior on the culture of the place. Although it is an
aspect perceived in this study in an abstract way, there is a
need for further studies within this perspective. Within a
view of contributing to greater effectiveness of
SUFRAMA's policy, the issue of distribution of resources
collected from taxes generated by the economic activities
of the place can be mentioned. This is because the current
model indicates that all resources from taxes paid by
companies installed and collected by the government
basically present a one-way path, with a one-way path to
the national treasury coffers and not in a two-way context,
with a sense also back to the municipal coffers. In this
sense, an observation is made on this aspect that, in our
view, could positively impact the development of these
regions covered by the aforementioned policy.
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Abstract— This article shows the study about the photovoltaic solar
power plant installed in Messejana, Fortaleza, Ceard, Brasil (latitude 3°
49°577,7" S and longitude 38°29°58”,3 " W) with an installed capacity of
19.2 kWp. It aims to punctuate the good practices for correct sizing of a
grid connected photovoltaic power system, in microgeneration, and
evaluate the system performance. The monitoring of the system was
between March and September 2021. During this measuring period, the
energy delivered to the power grid was 18197.15 kWh. the average
reference, array, and final yields were 5.45 kWh/kWp, 4.33 kWh/kW, and
4.26 kWh/KW, respectively. The annual loss of the array and the system
were 0.81 kWh/kwW and 0.07 kWh/kWp, respectively, and the annual
average of array and system efficiencies were 15.13% and 14.88%,
respectively. The performance rate and capacity factor were 81.85% and
18.05%, respectively. Those numbers highlight the relatively good
performance of photovoltaic systems installed in the Northeast region of
Brazil.

l. INTRODUCTION

Given the current scenario of electric energy
consumption and considering the fact that energy is a
fundamental subsidy for human activities and is used in
different fields and spatialities, the use of renewable energy
sources is increasing and gaining strength in the global
energetic scenario. The advantage of energy generation
through renewable sources is mainly the minimum impact

on the environment (Jung, 2015).

The use of solar radiation for

generation has advantages compared to the other sources

www.ijaers.com

since it receives economic incentives, has low maintenance
costs, and is an inexhaustible resource. Based on this, it is
necessary to invest in research and innovation in the
Photovoltaic Energy sector and seek improvements in the
modules and system performance.

Besides  the  previously = mentioned
advantages, the consumer has the possibility to lower the
energy bill. This occurs when the amount of energy
generated by the system is equal to or higher than the energy
consumed in the same period. This way, the consumer
receives credits that can be used later. According to the laws
of the National Electric Energy Agency (Agéncia Nacional

energy

Page | 37


https://ijaers.com/
https://dx.doi.org/10.22161/ijaers.95.3
http://www.ijaers.com/
mailto:serpa.santos@aluno.uece.br
mailto:lutero.lima@uece.br
mailto:elissandro.monteiro@ifce.edu.br
mailto:raylla.souto@aluno.uece.br
https://creativecommons.org/licenses/by/4.0/

Santos et al.

de Energia Elétrica - ANEEL), the credits are valid for 60
months and can be used to reduce the consumption of
consuming units belonging to the same owner but located in
a different area, as long as the said area is inside the
attendance area of the same distributor. This type of use is
what the agency calls “remote self-consumption” (ANEEL,
2015).

According to CRESESB (2008), every year
the Earth receives solar energy equivalent to 10 thousand
times the global energetic consumption in the same period.
Great regions in Brazil receive more than 2200 hours of
insolation per year, which is equivalent to 32 thousand times
the electricity = consumed nationally in 2015
(WANDERLEY, 2016). Considering these numbers and
information, it is possible to conclude that the use of
photovoltaic energy in Brasil is very viable.

The performance evaluation of photovoltaic
systems is the best way to determine the potential of
photovoltaic energy production in an area. Normally, the
performance of photovoltaic modules refers to the standard
test conditions (STC), which do not always represent the
real module operation (LIMA, et al, 2017).

There is a possibility of loss in the power
generation of the solar system by different factors, such as
loss due to shadowing, inclination, misdirection or poor
location, lack of cleaning of the panels, or maintenance of
the cables and inverter, among others.

All the mentioned factors might damage or
shorten the lifespan of the system or cause it to have
performance below expected. That being said, it is
necessary to take specific measurements to avoid possible
losses and, thus, preserve the system.

The system connected to the power grid

The panels used were from DAH Sola, model
HCM72X9-400W, made of monocrystalline silicon with
nominal power of 400 Wp, providing energy for two
Growatt inverters model 8000MTL-S that, together, had a
nominal power of 16 kWp. These pieces of equipment are
in a commercial building in Messejana, Fortaleza-CE,
coordinates 3°49'57,7" latitude south and 38°29'58,3"”
longitude west. It is a system connected to a power grid that
started operating in January 2021.

The panels point to the geographic north, as
recommended for installations located on the south of the
Equator line, and with an inclination that follows the roof of
the building. The recommendation for maximum production
throughout the year is to install the panels with an
inclination similar to the latitude of the place. The grid-
connected photovoltaic power system (GCPVS) has 6
strings of 8 panels each, with a total of 48 photovoltaic
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panels with an installed power of 19,2 kWp and a total area
equals 105.6 m2. The calculated area of unit power (kWp)
was 5.5 m2,

Fig.1: Image of the 19.2 kwp Solar System

Source: Author.

Performance Analysis of the Photovoltaic Systems

The performance evaluation of a grid-connected
photovoltaic power system normally uses as a reference the
IEC 61724:1998 pattern and ABNT NBR 16274/2014
norm. The evaluated indicators are Total Energy, the yield
of the photovoltaic system (of reference, PV array, and
final), losses of system energy and of the system itself,
system efficiency (set efficiency, system efficiency, and
inverter efficiency), Performance rate, and Capacity factor
(LIMA et al., 2017).

Total Energy

The total energy is the amount of alternated potency
generated by the system for a certain amount of time. The
total, daily, and monthly hourly energy produced might be
determined respectively by:

Ecan = 2?21 Ecar 1)
Ecaq = Xht1Ecan 2
ECA,m = 21&1:1 ECA,d (3)

In which, E, ., is the total AC energy at t time
(in minutes), E ¢, is the hourly total AC energy (in hours),
E,c.q is the daily total AC energy, E,¢ ,,, is the monthly total
AC energy, and N is the number of days on the month.

Photovoltaic system yield

The photovoltaic system productions are
represented by the letter “Y” and classified in three types:
reference yield (Yg), PV array yield (Ypy), and final yield
(Yr). It represents the energy generated by the system, in
kWh, for each KW, of installed power. The used unit is
kKWh/KW, in day or hours/day. When expressed in
hours/day, it represents the time that the system should
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operate in its nominal power to generate the same amount
of energy on the same given period of time (MORAIS,
2017).

The vyields indicate the real operation of the
photovoltaic panels and the photovoltaic array in relation to
its nominal power (MORAIIS, 2017).

The PV array yield (Y ) is given by equation
4, in which de Ej is the total energy (in kWh) produced by
the photovoltaic array:

Ecc kWh
Eccnom kWp. dia

) (4)

The final yield Y is given by equation 5,
in which E, is the total AC energy:

Ypy =

Eca kWh
YF = -
PFynom kWp. dia

) ®)

The reference yield Yy is the total irradiation
on the level or global horizontal irradiation (Hy) on the level
divided by the reference irradiation (Hg) in standard
temperature and pressure conditions are equal to 1 kWh/m?2,
This is a theoretical energy measurement available in a
specific place during a specific period of time (MORAIS,
2017). The reference performance can be calculated by
equation 6:

_ Hr kWh
R~ HR “kWp . dia

) (6)

According to equations 4, 5, and 6, we will
reach values that theoretically express a mathematical
relation between the productivities, it is possible to affirm
that:

Yp = Yoy = Ve O
Losses

Captures losses of the photovoltaic array
(Lpy) represent the losses due to the operation that highlight
the incapacity of the photovoltaic array in fully using the
available irradiation. The calculation of the PV array
capture loss is the difference between the reference
production of the photovoltaic panels (MORAIS, 2017). It
is given by equation 8:
Lpyy =Yg = Yr (%) 8)
The losses of photovoltaic system (Lg) are
due to the losses on the conversion of direct current
output (Ep) to alternating current (E,.) by the inverter,
it is the subtraction of the PV array yield by the final
yield. It is also necessary to consider the losses by the
Joule effect. Equation 9 below shows it:

Ls =Ypy — Yr (%) 9)
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The total PV system losses (L;) are the
sum of the capture loss of the PV array (Lpy ) with the PV
system losses (Lg), given by equation 10 below:

kWh
Ly = Lpy + L (m) (10)

Photovoltaic system efficiencies

There are three classifications for the
photovoltaic system efficiency: photovoltaic array
efficiency, system efficiency, and inverter efficiency.
Depending on the available data and the level of desired
resolution, these efficiencies might be determined in instant,
hourly, daily, monthly and annual basis, expressed in
percentages (MORAIS, 2017).

The PV array efficiency is the output of DC
energy while the system efficiency is a function of the
output of AC energy. The PV array efficiency (npy)
represents the average efficiency of the energy conversion
of the photovoltaic array, which is the ratio between the
daily production of DC energy and the product of total daily
irradiation on the level and the area of the PV array (LIMA
et al.,, 2017). The PV array efficiency is calculated by
equation 11, the system efficiency by equation 12, and the
inverter efficiency by equation 13. Considering Apy as the
total area of the photovoltaic array in m?:

_ 100xEcc

Mev = s amy (O 1)
Nsvs = Gy aer (%) (12)
My = =5 (%) (13)

Capacity factor X “Performace ratio”
Capacity factor

The capacity factor is the “capacity that a
system would have of producing energy if it operated in its
full nominal power for the 24 hours of the day”. The
following equation shows the calculation of the annual
capacity (SECUNDE, 2015):

Eg(kWh)

FC (%) = Pp (kWh) x 24h x 365 x100 (14)
In which:
FC = System capacity factor;
Eg = energy produced by the system in a
year;
P, = nominal power of the photovoltaic
system.

Performance Ratio — PR

Performance ratio (PR) is one of the most
important variables when evaluating the efficiency of a
GCPVS. In this analysis, it is possible to find the quality
factor for the system. PR, indicated in percentage (%) shows
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the relationship between the real and theoretical outputs of
the GCPVS, showing the percentage of available energy to
inject on the grid after the deduction of the energy losses
(related to the temperature of the operation of the PV
modules, wiring, DC/AC energy conversion on the inverter,
shadowing, among others) and the energy consumption for
the operation.

The closer to 100% the PR is, the lower the
system losses are, but it is not possible to reach a 100% PR
level in practice, since there are inevitable losses during the
operation of a PV system.

Equation y shows the calculation of the PR:
YF
J£E teol dt (15)
IR

PR =

In which:

Icol = global irradiation received on the
collector level,

IR = reference irradiation;
YF = system yield.

For a certain time interval, the calculation of
the system yield is the relation between the average value of
energy delivered to the load and the nominal power of the
photovoltaic generator. The equation below shows how to
calculate the system yield (SECUNDE, 2015).

YF = fttlz PSagda xdt (16)
Py

In which YF is in kWh/kWp, or per hour.

Therefore, though having more than one mechanism to

evaluate the performance of photovoltaic systems, PR is,
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among other, the most commonly used for performance
evaluation.

(Theoretical) energy production of a GCPVS

According to Morais (2017), it is possible to
calculate the theoretic value of the energy produced by a
GCPVS (Er,) following equation 17.

H
Ecar = Prvnom x H—; X FSx PR x 1y 17)

In which E 4 is the theoretical AC in kWh,
Ppy nom is the GCPVS installed potency, Hr is the global
irradiance (monthly or annual total), Hy is the reference
irradiance in standard temperature and pressure conditions
and are equal to 1 KW/m?, SF is the shadowing factor, PR
is the theoretical performance relation for the system and
nnv 1S the inverter efficiency. The SF varies from zero (0)
to a total shadowing to one (1) when there is no shadowing.

1. RESULTS

The analysis used data from the datalogger of
the Growatt inverter and pyranometer (PDC/FUNCEME).
After extracting and compiling the data on an Excel sheet,
it was possible to analyze the statistical data and produce the
charts to enable comprehension and discussion. The data
included on the inverter screen include DC power, DC
tension, DC potency, AC power, AC tension, AC potency,
and energy sent to the grid while the ShinePhone application
shows potency and energy. The data are stored on a
webserver or SD card every 30 minutes and, from this data,
it was possible to determine the daily, monthly, and annual
indicators. FUNCEME provides the irradiance data on an
Excel sheet.

Monthly average electricity and radiation

3500
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1500
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Energy delivered to the grid

Mar-21 Apr-21 May-21 Jun-21
Month

I Energy AC

25,000.00

20,000.00

15,000.00

10,000.00

5,000.00

In-plane irradiation

Jul-21  Aug-21 Sep-21

e |n-plane irradiation

Fig.2 — Energy produced by the photovoltaic system and radiation on the horizontal level

Source: author
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The analysis of the photovoltaic systems in
this study covers the period from March to September 2021.
According to the chart in Figure 2, the total energy sent to
the grid from March 1, 2021, to September 30, 2021, was
18197 MWh with a monthly average of 2605.6 kwh. The
maximum value of energy sent was in August/2021
(2986,89 kWh) and the lowest was in May/2021 (2157.82
kWh). For comparison purposes with the energy sent to the
grid, we converted the irradiation measured in em kWh/m2
by direct rule of three with the total area of the photovoltaic
panels (105.6 m?) to obtain the daily and monthly kWh
values.

International Journal of Advanced Engineering Research and Science, 9(5)-2022

The highest solar irradiation value was in
September/2021, during the dry season, without rain. In
March/2021 and May/2021, there was a reduction in
irradiation value with registered numbers of 14.921 kWh
and 13.176 kWh, respectively.

The energy productions are in Figure 3. The
daily annual average reference yield (YR), PV array yield
(YPV), and final yield (YF) were 5.45 kWh/kWp.day; 4.33
kWh/kWp.day; 4.26 kWh/kWp.day, respectively.

Monthly average productions

kWh/kWp/day
N w ~ (6] ()] ~N

[N

Mar-21 Apr-21 May-21

H Reference yield

Source: author.

The monthly average efficiencies for the
photovoltaic system are in Figure 4. The inverter efficiency,
found on the technical file by the manufacturer Growatt, is
98%.

The average efficiency from March/2021 to
September/2021 of the photovoltaic array during the
collection period was 15.13%, varying from 14,26% in
September/2021 to 16.38% in May/2021. This article did
not intend to analyze the degree of soiling on the PV
modules, but it is possible to preliminarily conclude that the
highest efficiency value of the array was during the period
with more precipitation, which washed the panels.

The monthly average capacity factor (CF)
varied between 14.86% (May/2021) and 21.22%

www.ijaers.com

W Array yield

0 ‘l “ || ‘l ‘l |‘ |‘

Jun-21 Jul-21 Aug-21 Sep-21
Month

Final yield

(September/2021) and measures the average percentage in
which the GCPVS worked at full capacity. The performance
ratio (PR) varied between 77.15% in September/2021 to
88.63% in May/2021. The performance ratio (PR) measures
the global effect of the losses over the nominal power of the
GCPVS due to factors such as inefficiency of the inverters
and losses on the conversion from DC to AC, soiling of the
panels and failure of the components of the system, and lack
of electric energy from the distributor (ENEL) which avoids
the binding of the GCPVS. Figure 5 shows the monthly
average CF and PR data.
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Average array, system and inverter efficiencies
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Fig.4 — Monthly average efficiencies
Source: author.

Average performace ratio and capacity factor
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Fig.5 — Monthly averages: CF and PR
Source: author.

Figure 6 shows the relative losses of the there is an optimization of the annual energy production of
analyzed GCPVS. The month with the highest loss was GCPVS with a fixed array when it points to the geographic
September/2021, with a value of 1.5 kwWh/kWp.day, and the north (azimuth 0) and has an inclination similar to the
lowest was in May/202, 0.45 kWh/kWp.day. In all the installation site. The annual average total loss for the
months analyzed in this study, the PV array surpassed the GCPVS was 0.88 kWh/kWp.day.

system losses. According to Pinho and Galdino (2014),
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Average monthly energy losses
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Fig.6 — Relative losses

Source: author.

1. CLOSING REMARKS

In this study, we analyzed a photovoltaic
system connected to a 19.2 kWp grid installed in
Messejana, Fortaleza, Ceara — Brasil from March 2021 to
September 2021. The average energy delivered generated
by the photovoltaic array in this period is 2563.6 kwWh. The
average reference, array, and final yields are 5.45, 4.33,
and 4.26, respectively. The average array and system
efficiencies are 15.13% and 14.88%, respectively, while
the capacity factor and performance ratio averages are
18.05% e 81.85%, respectively. The total losses of the
system are average 0.88 kWh/kWp/day. These results
show a great performance of the analyzed system,
indicating a good energetic potential of solar energy in
Ceara - Brasil and also indicating that the localization of
the system is in a shadowing-free environment and its
installation project followed the proper guidelines.
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Abstract— Cephalometry is one of the most important complementary
exams in the diagnosis and planning of orthodontic, surgical, speech
therapy, otorhinolaryngology and facial orthopedic treatments. The lateral
cephalogram used for cephalometry can also assess the maturation of the
cervical vertebrae to complement the diagnosis of bone age, orofacial
dysfunction and changes in the Upper Airway (UAS). Due to the
technological evolution for obtaining and interpreting images and with the
emergence of software that are auxiliary in the diagnosis of orofacial
alterations, the objective of this work was to develop diagnostic hypotheses
and suggestions for treatments of dentomaxillofacial alterations , from
comparisons of IT data. four commonly used cephalometric techniques.
The software used for the analysis of the images was Cefanalis ® and the
parameters Cephalometric measurements were obtained using the
techniques of Jarabak , McNamara , Ricketts and USP. The advantage of
having four analyzes gathered in a single software and the possibility of
making cephalometric tracings of each of these techniques in combination
allows the orthodontist to perform the entire procedure in his own office.
More than the cephalometric tracing itself, it is possible to elaborate
diagnostic hypotheses for each of the listed measures and treatment
proposals for each of the changes in normality. The findings of this study
made it possible to complement the data for an accurate diagnosis
performed by professionals who use CCom .

. INTRODUCTION

The study of interventions in orofacial function and
aesthetics requires clinical and technological resources for
a complete evaluation. The ability of orthodontists and
surgeons to recognize a symmetrical face is innate, and
translating it into objective therapeutic goals becomes an

arduous task.

With the advancement

and popularity of
orthognathic surgeries ,the search for craniofacial balance

based on lateral cephalometric radiographs, made using
information technology (IT) are, today, one of the best
semiotechnical options for a correct diagnosis, in addition
to establishing treatment options, which provide linear
dimensions. and appropriate angles of the structures of the
oral and maxillofacial complex .

Therefore, the use of a clinical pattern, as well as
adequate complementary exams are fundamental for the
formal analysis of facial aesthetics.

received more attention. Facial cephalometric tracings ,
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In Brazil, as in other countries around the world,
numerous facial cephalometric analyzes are used as
complementary tests for the diagnosis of oral and
maxillofacial alterations .

The different courses of Dentistry, undergraduate
and graduate, usually determine one or two cephalometric
analyzes as a standard to be taught to their students.
However, these analyzes are not complete, that is, none is
able to evaluate all the oral, maxillofacial , dental and soft
tissue characteristics of a patient.

For an accurate diagnosis, the use of only a
cephalometric analysis is not indicated . Therefore, the
combination of several analyzes makes it possible to use a
greater number of linear and angular measurements, which
will allow a broader and more accurate assessment.

In order to increase the use of bioinformatics in
dentistry and facilitate the practice of specialties such as

orthodontics, functional maxillary orthopedics (OFM) and
oral and maxillofacial surgery (CBMF), the objective of this
work was to propose diagnostic hypotheses and suggestions
for treatment of dentomaxillofacial alterations , from
comparisons of IT data from four commonly employed
cephalometric techniques, Jarabak , McNamara , Ricketts
and USP.

1. MATERIALS AND METHODS
CEPHALOMETRIC MEASUREMENTS

The longitudinal assessment of craniofacial growth
and development was performed using cephalometric
techniques that are more widely disseminated, known and
used in Brazil: Jarabak , McNamara , Ricketts and USP.

Tables 1, 2, 3, and 4 organize the measures selected
and used in each of the four techniques adopted.

Table 1: Jarabak 's cephalometric analysis

MEASUREMENTS NORMALITY
Saddle angle or skull base deflection angle 123* + 5*
joint angle 143* £ 6*
gonial angle 130* £ 7*
superior gonial angle 52* to 55*
lower gonial angle 70* to 75*

Source: Jarabak, 1972

Table 2: Cephalometric analysis of USP

MEASUREMENTS NORMALITY
NAP 0
SNA 82*
SNB 80*
ANB two*
SND 76*
NS.Gn 67*
SN.PLO 14*
GoGn.PLO 18*
SN.GoGn 32*
11 130*
1.NA 22*
1-NA 4 mm
1.NB 25*
1-NB 4mm
1-ORBITA 5mm
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1-LINE I 0
H.NB (Soft Profile) 9*-11*
H-NOSE 9to 11mm
P-NB 4mm
FMA 25*
FMIA 68*
IMPA 87*
WITS M- 0.0 +-1
H--1.5mm+1

Source: Interlandi, 1971

Table 3: McNamara 's Cephalometric Analysis

MEASUREMENTS

NORMALITY

Mandibular Plane Angle

Mixed Dentures: 25*

Permanent Denture: 32*

Point A- (N-PERP or MCNAMARA Vertical )

Mixed Denture: Point A coincident with N-PRSP

Permanent Denture: Point A 1 mm forward N-PERP

Nasolabial Angle

110*

Upper Lip Tilt

14*+ 8*

Pog (N-PERP)

Mixed Dentures: -8 to -6mm behind N-PERP

Permanent Denture: -4 to Omm behind

N-PERP (up to +2mm in men)

Effective jaw length
(Co-A)

Mixed Denture: 85mm

Adult women: 94mm

Adult men: 100mm

Effective Jaw Length ( Co-Gn)

Mixed Dentures: 105 to 108mm

Adult women: 121 to 124mm

Adult men: 130 to 133mm

Maxillomandibular relationship

Mixed Dentures: 20 to 23mm

Adult women: 27 to 30mm

Adult men: 30 to 33mm

Lower Anterior Facial Height (AFAI)

Mixed Dentures: 60 to 62mm

Adult women: 66 to 67mm

Adult men: 70 to 74mm

(Ba-Na).(Pt-Gn)

90* + 3.5*

( Ricketts Cephalometric Analysis )

A - 90*= X (negative X = vertical growth)

(Positive X = horizontal growth)

Anteroposteriorly Line A-1

4 to 6mm

Vertically 1-Ls

2 to 3mm
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anteroposteriorly 1 to 3 mm ahead of the A-Pog Line
Vertically 2 to 3mm

1.3 mm above the Functional Occlusal Plane
nasopharynx i

Mixed denture: 12 mm

Permanent Denture: 17.4 mm
oropharynx

10 to 12 mm for all ages

Table 4 : Ricketts

Source: MacNamara, 1984

Cephalometric Analysis

MEASUREMENTS ( Dentoskeletal )

NORMALITY

Tilt of the Occlusal Plane

22*+-4* up to the age of 8 years. Increases

0.5* per year
1.APO 22* £ 4*
1.PO 28* +4*
1-APO Imm +2mm
1-APO 3.5mm + 2.5mm

Occlusal Plane to the Branch (Xi)

Omm-+-3mm at 9 years and 6 months.
Decreases 0.5mm per year in relation to
point Xi

A6-PTV

Age +3mm £ 3mm

A6-B6 (in the Occlusal Plane)

Class | = -3mm

Class 11> 0

Class III < -6mm

Clinical Deviation + 3mm

Canine Relationship (in the Occlusal Plane)

Class | = -2mm

Class II > +1mm or more

Class III < -5mm

Clinical Deviation = £ 3mm

Al1-B1 (Horizontal Overjet, Overjet )

2.5mm + 2.5mm

Overbite )

A1-B1 (Overbite, perpendicular to the Occlusal Plane ,

2.5mm + 2mm

B1-(B1-B6) Incisive Extrusion

1.25mm = 2mm

interincisors

130* + 10*

Point A convexity

2mm + 2mm at 8 years and 6 months,
decreases by 0.2 mm per year

Lower Facial Height

4T+ 4>

Lip Position

-2mm £ 2mm up to the age of 8 years and 6
months, decreases by 0.2 per year

Upper Lip Length (ENA- Stm)

24mm £ 2mm at 8 years and 6 months
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Union Point ( Stomium -Stm ) - Occlusal Plane -3.5mm £ 2mm at 8 years and 6 months,
decreases by 0.1mm per year in relation to
the Occlusal Plane

Facial Depth 87* £ 3* at age 9, increases by 0.33* per
year

facial axis 90* £ 3.5*

facial cone 68* + 3.5*

Mandibular Plane Angle 26* + 4.5* at 9 years old, decreases by
0.33* per year

Maxillary Depth 90* + 3*

jaw height 53* + 3* at age 9, increases by 0.4*per year

Angle formed by the Palatine Plan and the Frankfurt Plan | 1* + 3.5*

Total Face Height 60* £ 3*

Cranial Deflection 27* £ 3*

Anterior Cranial Length 55mm £ 2.5mm up to age 8.5 years,
increases 0.8mm per year

Posterior Facial Height 55mm * 3.3mm at 8.5 years, increases
0.8mm per year

Branch Position 76* £ 3*

Porium Position -39mm £ 2.2mm at 9 years old, increases
0.5mm per year

Mandibular Arch 26* £ 4* at age 8.5 years, increases by
0.5*per year

Mandibular Body Length 65mm + 2.7mm at age 8.5 years, increases

by 1.6mm per year
Source: Ricketts, 1957

Table 5: Diagnosis and treatment parameters from Jarabak's cephalometric analysis for the Cefanalisys ® Software

MEASUREMEN | NORMAL TREATMENT
TS ITY DIAGNOSIS SUGGESTIONS
> 128* Posterior skull base - absorbs more | Protrude Mandible and/or
Saddle Angle or mandibular  growth; leads to mandibular | Speech Therapy
Skull Base retrognathia ( Skeletal Class 1)
Deflection Angle - - < 118* Posterior skull base propels mandible; | Retracting Mandible
formed by the NS 123* £5 leads to mandibular protrusion ( Skeletal Class 111 | and/or Speech Therapy
and S-Ar lines ) Isolated interpreted
compensations
> 149* Tooth extrusion (accentuates vertical- | Flexible wires ( Nitinol )
Articular Angle - 143% + 6 dolichofacial growth tendency ) Control vertical growth
formed by the S- and mandibular
retrognathism
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Ar and Ar-Go
lines

< 137* Tooth Intrusion (accentuates horizontal-
brachyfacial growth tendency )

Rigid Wires (Steel)

Control horizontal
growth and mandibular
prognathism

Goniac Angle -

> 137* Vertical growth trend

Controlling Vertical
Growth and Open Bite

formed by the N-
Go and Go-Me
lines

formed by the Ar- | 130% £7* | < 123* Horizontal growth trend Control horizontal
Go and Go-Me growth and Deep Bite
lines
> 55* Increases sagittal growth (horizontal chin | Control horizontal
Gonical Angle - projection) growth
formed by the Ar-
. dy o | 52% 1055+
_0 an 0- < 52* Greater vertical growth (vertical chin | Control vertical growth
Lines growth)
> 75* Vertical growth trend (open bite) - | Controlling Vertical
Goniac Angle - unfavorable prognosis (surgical) Growth and Open Bite
70* to 75* Control horizontal

< 70* Horizontal growth tendency (deep bite) -
unfavorable prognosis (surgical)

growth and Deep Bite

Table 6: Diagnostic and Treatment Parameters from USP Cephalometric Analysis for Cefanalisys ® Software

TREATMENT
MEASUREMENT NORMALITY DIAGNOSI
SU S © GNOSIS SUGGESTIONS
> 0 - convex profile Advance mandible - Retract
maxilla
NAP 0 . .
<0 - concave profile Retract mandible - Advance
maxilla
> 82* Protruded jaw retract jaw
SNA 82* _ _
< 82* Retracted jaw protrude jaw
> 80* Protruded jaw retract jaw
SNB 80* : .
< 80* Retruded jaw protrude jaw
> 2* Makxilla in front of Advance mandible -
the mandible - skeletal class 1l Retract maxilla
ANB two* — .
< 2* Mandible in front Retract mandible -
of Skeletal Class 111 Maxilla Advance maxilla
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> 76* Mandible retract jaw
protruded in relation to the base
of the skull
SND 76* i i
< 76* Mandible protrude jaw
retruded in relation to the base
of the skull
> 67* Vertical growth Rotate jaw
trend (Open bite) counterclockwise
NSGn 67* i i i
< 67* Horizontal Rotate jaw clockwise
growth tendency (Deep bite)
> 14* Vertical growth Rotate jaw
trend (Open bite) counterclockwise
SNPLO 14*
< 14* Horizontal Rotate jaw clockwise
growth tendency (Deep bite)
> 18* Vertical growth Rotate jaw
trend (Open bite) counterclockwise
GoGnPLO 18* _ i i
< 18* Horizontal Rotate jaw clockwise
growth tendency (Deep bite)
> 32* Vertical growth Rotate jaw
trend (Open bite) counterclockwise
SNGoGn 32* _
< 32 Horizontal Rotate jaw clockwise
growth tendency (Deep bite) J
> 130* Lingualized Vestibular incisors
incisors
11 130* i
< 130* Factualized . N
. Lingualize incisors
incisors
> 22* maxillary Lingualize upper
incisors proclined incisors
INA 22* i i _ _
< 22* lingual maxillary Vestibular superior
incisors incisors
> 4mm - Protruded Retract maxillary
upper incisors incisors
1-NA 4 mm

< 4mm - Retruded
maxillary incisors

Protrude upper
incisors
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> 25* Facing lower

Lingualize lower

incisors incisors
1NB 25* i : i i
< 25* Lingualized Vestibularize lower
lower incisors incisors
> 4mm - Protruded Retract lower
lower incisors incisors
1-NB 4mm
< 4mm - Retruded Protrude lower
lower incisors incisors
> 5mm - Upper incisor Lingualize maxillary
behind the orbit, incisors incisor
1-ORBITA 5mm proclined
< 5mm - Upper incisor Vestibular superior
in front of orbit, incisors lingual | incisor
Retruded lower incisor protrude lower
incisor
1-LINE | 0 _
< 0 - Protruded lower retract lower incisor
incisor
> 11* Convex profile, advance jaw
) H-NOSE decreases
HNB (Soft Profile) 9*-11* i
< 9* Concave profile, retract iaw
H-NOSE increases J
> 11mm - Nose ahead retract jaw
of the H line (concave profile)
H-NOSE 9to 11mm _ i
< 9mm - Nose behind protrude jaw
the H line (convex profile)
> 4mm - Protruded chin retract _
P-NB 4dmm
< 4mm - Petrified chin protrude chin
>25* Vertical growth
. . Decrease FMA
trend ( dolichofacial )
FMA 25* I
<25* i
25 Horlzonta. Increase FMA
growth trend ( brachyfacial )
> 68* Lingualized Vestibularize lower
lower incisors incisors
< 68* Facing lower Lingualize lower
incisors incisors
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> 87* Factualized Lingualize Lower

IMPA g7 incisor Incisors

< 87* Lingualized Vestibular Lower
incisor Incisors

Table 7: Diagnosis and Treatment Parameters Based on McNamara 's Cephalometric Analysis for the Cefanalisys ®

Software
TREATMENT
MEASUREMENTS NORMALITY DIAGNOSIS SUGGESTIONS
Mandibular plane angle | Mixed  Dentures: | >25* Vertical growth trend (Open | Rotate jaw counterclockwise
25* bite)
< 25* Horizontal growth tendency | Rotate jaw clockwise
(Deep bite)
Permanent denture: | >32* Vertical growth trend (Open | Rotate jaw counterclockwise
32* bite)
<32* Horizontal growth trend Rotate jaw clockwise
(deep bite)
RELATIONSHIP OF
THE MAXILLA TREATMENT
WITH THE BASE NORMALITY DIAGNOSIS SUGGESTIONS
OF THE SKULL
Point A mixed denture Point A > 0 - Protruded maxilla retract jaw
Point A <0 - Retruded jaw protrude jaw
permanent denture | Point A > 1mm - N-PRSP | retract jaw
Protruded maxilla
Point A < 1mm - N-PRSP | protrude jaw
Retracted maxilla
SOFT TISSUE TREATMENT
EVALUATION NORMALITY DIAGNOSIS SUGGESTIONS
nasolabial angle 110* > 110* Maxillary retrusion protrude jaw
< 110* Maxillary protrusion retract jaw
Upper lip tilt 14* £ 8* > 22* Protruded upper lip Retract maxilla and anterior
maxillary teeth
Retruded upper lip Protrude maxilla and anterior
superior teeth
RELATIONSHIP OF
THE JAW WITH TREATMENT
THE BASE OF THE NORMALITY DIAGNOSIS SUGGESTIONS
SKULL
Pog -(N-PERP) mixed denture > 6mm - Protruded jaw retract jaw
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< 94mm - Small jaw

< 8mm - Retruded jaw protrude jaw
Permanent Denture | > 0mm - Protruded jaw retract jaw
< 4mm - Retruded jaw protrude jaw
RELATIONSHIP
BETWEEN TREATMENT
MAXILLA AND NORMALITY DIAGNOSIS SUGGESTIONS
JAW
Effective length of the Mixed Denture: > 85mm - Large jaw Decrease jaw length
maxilla ( Co-A ) 85mm < 85mm - Small jaw increase jaw length
Adult women: > 94mm - Large jaw Decrease jaw length
94mm

increase jaw length

Adult men: 100mm

> 100mm - Large jaw

Decrease jaw length

< 100mm - Small jaw

increase jaw length

Effective jaw length (
Co-Gn)

Mixed denture: 105
to 108mm

> 108mm - Large jaw

Decrease jaw length

<105mm - Small jaw

increase jaw length

Adult women: 121
to 124mm

> 124mm - Large jaw

Decrease jaw length

< 121mm - Small jaw

increase jaw length

Adult men: 130 to
133mm

> 133mm - Large jaw

Decrease jaw length

< 130mm - Small jaw

increase jaw length

Protruded or well positioned jaw

maxillomandibular Mixed Dentures: 20 | Compare  the  results  with | McNamara table
relationship to 23mm McNamara 's table
Adult women: 27 to
30mm
Adult men: 30 to
33mm
ANTERO-LOWER TREATMENT
FACIAL HEIGHT NORMALITY DIAGNOSIS SUGGESTIONS
Lower anterior facial | Mixed Dentures: 60 | > 62mm larger AFAI, retruded | Treat open  bite  and/or
height (AFAI) to 62mm jaw mandibular class 11
< 60mm - Smaller AFAI, | Treat mandibular deep bite

and/or Class 111
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Adult women: 66 to | > 67mm - Larger AFAI, Retruded | Treat open bite and/or Class Il
67mm Jaw mandibular
< 66mm - Smaller AFAI , Jaw | Treat mandibular deep bite
protruded or well positioned and/or Class Il
Adultmen: 70to | > 74mm - Larger AFAI, Retruded | Treat open bite and/or Class Il
74mm Jaw mandibular
< 70mm - Smaller AFAI, | Treat mandibular deep bite
Protruded or well positioned jaw | and/or Class IlI
FACIAL AXIS TREATMENT
ANGLE NORMALITY DIAGNOSIS SUGGESTIONS
(Ba-Na)(Pt-Gn) 90* £ 3.5* > 93.5* Horizontal growth trend Control horizontal growth
( Ricketts A -90* = X < 86.5* Vertical growth trend Control vertical growth
Cephalometric Analysis
)
RATIO OF THE
UPPER INcisor TO NORMALITY DIAGNOSIS S-IL-JZE(?I;SI\'AI':ECI)\II;IFS
THE MAXILLA
Anteroposteriorly Line 4 to 6mm > 6mm - maxillary incisors | Lingualize upper incisors
A-1 proclined
<4mm - lingual maxillary incisors | Vestibular maxillary incisors
Vertically 1 -Ls 2 to 3mm > 3mm - Extruded upper incisors | Intrude maxillary incisors
< 2mm - Intruded maxillary Extrude maxillary incisors
incisors
LOWER INCISOR
TO JAW NORMALITY DIAGNOSIS TREATMENT

SUGGESTIONS

anteroposteriorly

1 to 3 mm ahead of
the A-Pog Line

> 3mm - Protruded lower incisor

Lower Incisor

< 1mm - Retruded lower incisor

Protrude Lower Incisor

Vertically 1.3 mm above the | > 1.3 mm Extruded Lower Incisor | Lower Incisor
functional occlusal - ™1 3" Intruded Lower Incisor | Lower Incisor
plane
AIRWAYS
ANALYSIS NORMALITY DIAGNOSIS TREATMENT
nasopharynx Mixed denture: 12 > 12 mm -  Enlarged | No need to treat
mm nasopharyngeal space
< 12 mm - Decreased | Treat lip incompetence,

nasopharyngeal space

underdevelopment of nostrils,
maxillary atresia and Posterior
Crosshite (MCP), and
mandibular retrognathism
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Permanent Denture: | > 174 mm - Enlarged | No need to treat
17.4 mm nasopharyngeal space
< 174 mm - Decreased | Treat lip incompetence,
nasopharyngeal space underdevelopment of nostrils,
maxillary atresia and Posterior
Crossbite
oropharynx 10 to 12 mm for all | > 12 mm - Forward positioning of | Treat lip incompetence,
ages the tongue underdevelopment of nostrils,
maxillary atresia and Posterior
Crossbite
(MCP), and mandibular
retrognathia Speech Therapy
Tonsillectomy
<10 mm Irrelevant

Table 8: Diagnosis and Treatment Parameters Based on Ricketts Cephalometric Analysis for Cefanalisys ® Software

SKELETAL DENTAL NORMALITY DIAGNOSIS TREATMENT
SUGGESTIONS
Tilt of the occlusal plane | 22*+ 4* up to the age > 26* Open bite tendency control open bite
of 8 years. Increases < 18* Deep bite tendency control deep bite
0.5* per year
1.APO 22* + 4* > 26* Facing lower incisors Lingualize lower incisors
< 18* Lingualized lower | Vestibularize lower incisors
incisors
1. APO 28*+ 4* > 32* maxillary incisors | Lingualize upper incisors
proclined

< 24* lingual maxillary incisors | Vestibular maxillary incisors

1-APO Imm + 2mm > 3mm - Protruded lower | Retract lower incisors
incisors
< -Imm - Retruded lower | Protrude lower incisors
incisors

1-APO 3.5mm + 2.5mm > 6mm - Protruded upper | Retract maxillary incisors
incisors

< 1mm - Retruded maxillary | Protrude upper incisors

incisors
Occlusal Plane to the Omm + 3mm > 3mm - Class Il Retract maxilla - protrude
Branch (Xi) mandible

< 3mm - Class Il Protrude maxilla - retract

mandible
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A6-PTV 3mm * 3mm >age + 6mm Distalize maxillary molar
< age + Omm - Distalized upper | Mesialize maxillary molar
molar
DENTAL NORMALITY DIAGNOSIS TREATMENT
SUGGESTIONS
A6-B6 Class I =-3mm >0 Class Il Mesialize mandibular molar -

ClassI1>0

Class III < - 6mm

distalize maxillary molar

< -6 mm Class Il

Distalize maxillary molar -
mesialize maxillary molar

Canine Relationship

Class | = - 2mm

Class II > +1mm or
more

Class III < -5mm

> 1 mm Class Il Mesialize lower canine -
distalize upper canine
< -5mm Class |11 Distalize lower canine -

mesialize upper canine

Al1-B1 - Overjet

2.5mm £ 2.5mm

> 5 mm - Severe overjet (Class
I1) Deleterious habits (bottle
bottle, finger sucking)

Decrease overjet - remove
harmful habits

< 0 - Decreased Overjet (Class
I11) - Crosshite

Increase or maintain overjet
(uncross bite)

A1-B1 - Overbite

2.5mm £ 2mm

> 4.5mm - Open bite

treat open bite

< 0.5mm - Closed bite (greater
joint damage)

treat closed bite

B1-(B1-B6) Incisive
Extrusion

1.25mm + 2mm

> 3.25mm - Lower incisor
overburden

Intrude lower incisor

<-0.75mm - Lower Incisor
Infrairruption

Extrude lower incisor

skeletal

interincisors 130* + 10* > 140* lingual maxillary Vestibular maxillary incisors
incisors
< 120* proclined maxillary Lingualize upper incisors
incisors
MAXILLO-
MANDIBULAR NORMALITY DIAGNOSIS SL%EGAI;—SI\'AI':E(;\]N-I—S
RELATIONSHIP
Point A convexity 2mm £ 2mm at 8 years | >4mm - Class Il - maxillary retract jaw
and 6 months skeletal
<0 - Class Il - maxillary protrude jaw
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age of 8 years and 6
months, decreases by
0.2 per year

Lower Facial Height 47* £ 4* > 51* Skeletal open bite treat open bite
< 43* Skeletal deep bite treat deep bite
AESTHETICS NORMALITY DIAGNOSIS TREATMENT
SUGGESTIONS
Lip Position - 2mm + 2mm up to the | > 0 - protruded lower lip Retract lower lip if it interferes

with the aesthetic plan

< -4mm - Retruded Lower Lip

Protrude lower lip if it interferes
with the aesthetic plan

Upper Lip Length (ENA-
Stm)

24mm = 2mm at 8
years and 6 months

> 26mm - Long Lip

Speech-language pathology
techniques of oral motricity to
treat perioral muscles

<22mm - Short Lip

orthognathic surgery ,

Speech-language pathology
techniques of oral motricity to
treat perioral muscles

functional jaw orthopedics

Interlabial Union Point

( Stomium-Stm)

-3.5mm £ 2mm at 8
years and 6 months

> -1.5mm - "Hidden" teeth

Effective treatment so that the
occlusal plane is below the
interlabial junction point

< -5.5mm Short lip with

Orthognathic surgery , speech

gummy smile therapy techniques of oral
motricity to treat perioral
musculature
functional jaw orthopedics
CRANIOFACIAL NORMALITY DIAGNOSIS TREATMENT
RELATIONSHIP SUGGESTIONS
Facial Depth 87* + 3*at9 yearsold | >90* Class Il - concave retract jaw
profile
< 84* Class Il - convex profile | protrude jaw
facial axis 90* + 3.5* > 93.5* - Class Il - mandibular | Control of mandibular horizontal
growth, with mandibular
retrusion
< 86.5* - Class Il - mandibular | Control of the vertical growth of
the mandible, with mandibular
protrusion
facial cone 68* + 3.5* > 71.5* - Class Il - jaw retract jaw
< 64.5* - Class Il - jaw protrude jaw
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Maxillary Class 111

Mandibular Plane Angle 26* + 4.5* at 9 years | > 30.5* - Class Il - with convex | Control of vertical growth and
old profile open bite
< 21.5 - Class Il - with straight | Control of horizontal growth and
or concave profile deep bite
Maxillary Depth 90* £ 3* > 93* Maxillary protrusion - | retract jaw
Maxillary Class I
< 87* Maxillary Retrusion - | protrude jaw

jaw height

53* + 3* at 9 years old

> 56* Increased middle third of
the face

Maxilla intrusion - botulinum
toxin

< 50* Decreased middle third of
the face

treat open bite

mandibular growth pattern -
Class Il

Angle formed by the 1* + 3.5* >4.5* Dental or skeletal open | Treating open bite and mouth
Palatine Plan and the bite, with high probability of | breathing habits
Frankfurt Plan mouth breathing habits
< -2.5* Dental or skeletal deep | treat deep bite
bite
Total Face Height 60* + 3* > 63* Vertical growth trend - | Protrude jaw and control vertical
Class Il mandibular growth
< 57* Horizontal growth | Retract jaw and control
tendency - Class 11l mandibular | horizontal growth
INTERNAL NORMALITY DIAGNOSIS TREATMENT
STRUCTURES SUGGESTIONS
Cranial Deflection 27* + 3* > 30* Excessive vertical and | Control of vertical and

mandibular growth, with
mandibular retrusion

< 24* Retrognathism tendency -
Class Il with micrognathia

mandibular advancement

Anterior Cranial Length

55mm +-2.5mm up to
the age of 8.5 years

> 57.5mm - Class Il - skeletal

Advance mandible - retract
maxilla

< 52.5mm - Class Il - skeletal

Retract mandible - advance
maxilla

Posterior Facial Height

55mm +-3.3mm at 8.5
years

> 58.3mm - Large mandibular
ramus - horizontal growth

Control horizontal growth

< 51.7mm - Short mandibular
branch - vertical growth

Control vertical growth
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Branch Position

76* + 3*

> 79* Class Il pattern - | retract jaw
mandibular
< 73* Class Il pattern - | advance jaw
mandibular

Porium position

-39mm + 2.2mm at 9

> - 36.8mm - Class |11 -skeletal

Class |11 Control

years tendency
<-41.2mm - Class Il Tendency | Class Il Control
- Skeletal
Mandibular Arch 26* + 4* at age 8.5 > 30* Mandibular prognathism - | Retract mandible, control and
years Class Il treat deep bite, Advance
Mandible
< 22* Mandibular | Control and treat open bite

retrognathism - Class Il

Mandibular Body Length | 65mm +2.7mmatage | >

8.5 years

67.7mm - Mandibular | retract jaw
prognathism tendency
< 62.3mm - Tendency of | advance jaw

mandibular retrognathism

Index Vert : (EF)+(PF)+(PM)+(AFAI)+(AM) = X

Note : Norm minus the measurement obtained, divided by the standard deviation 5

Vertical growth trend (hourly) = negative value ( dolichocephalic )

Horizontal growth trend (counterclockwise) = positive value ( brachycephalic )
Dolic = -2.0; Dolic =-1.9 to -1.0; Light Dolic = -0.9 to -0.5"; Meso = -0.4 to +0.4

Brachy = +0.5 to +0.9; Braqui Severo = +1.0

USE OF THE ANALYSIS SOFTWARE

The Cefanalisys ® software was chosen because it
has the ability to integrate and analyze the parameters of the
four cephalometric techniques used in this work.

After analysis, the software issues a report with all
linear and angular measurements of each of the chosen
analyses, or a combination of all of them, based on the
normality criteria adopted in each measurement.

From the joint analysis of the parameters studied,
diagnostic hypotheses and one or more treatment
suggestions for each analyzed measure were presented.

DIAGNOSTIC HYPOTHESES

The diagnostic hypotheses established for each of
the measures of the cephalometric analyzes were
constructed by evaluating the standard of normality adopted
by the authors, establishing a diagnostic hypothesis for the
quantities that are found to be smaller than the standard
measure (or smaller than the minimum value of the interval
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considered as the standard of normality) and another
diagnostic hypothesis for quantities that are found to be
greater than the standard measurement (or greater than the
maximum value of the interval considered as the standard
of normality).

For each established diagnostic hypothesis, a
treatment suggestion was constructed. These treatment
suggestions were established based on the principle of
existing maneuvers so that the analyzed structure assumes
the normality standards indicated by the authors.

The maneuvers are limited to suggesting what
should be done and not the therapeutic method that should
be used to achieve the goal, that is, we point the goal to be
achieved for normality, but not the method to be used to
achieve this goal. .

Therapeutic methods can be orthodontic,
orthopedic, surgical, all of them or different combinations
of these or even others that can be adopted by the
responsible professional or indicated by him.
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1. RESULTS AND DISCUSSION

The parameters used in each linear and angular
measurement of the cephalometric analyzes used in the
software on screen were determined, which determined,
based on the normality criteria adopted in each
measurement, by their authors, at least one diagnostic
hypothesis.

Based on these diagnostic hypotheses, one or more
treatment suggestions were presented for each analyzed
measure ( TABLES 5, 6, 7 and 8).

Bioinformatics covers aspects of biology,
acquisition, processing, storage, distribution, analysis and
interpretation of data, combined with the techniques of
mathematics and computing. It aims to understand the
significance of biological data . Not only does it have
databases and instruments to help researchers, but it can also
be fully responsible for the analysis of highly complex
information, which can only be evaluated by automated
equipment, according to Andrade & Sander (1997); Gibas
& Jambeck (2001) and Laine et al ., (2013).

Information systems are also applied to health. In
Dentistry, the creation of software for the elaboration of
cephalometric analyses, based on teleradiography of the
patient's facial profile, has facilitated and made more
efficient tools available for orthodontists, surgeons and
other professionals who use this complementary exam to
exercise their specialties (SCHLEYER & SPALLEK, 2001;
JOHNSON, 2003).

According to Pereira; worldstock ; Berthold .
(2014) Orthodontics consecrated the era of radiographic
cephalometry based on the historic work of Broadbent, who
developed techniques for obtaining standardized
radiographs of the head. Lateral cephalometric radiography
is an instrument of great value in the diagnosis, prognosis,
planning and evaluation of treatment, as well as in studies
of growth and development of the dentocraniofacial
complex.

It is not possible to study a case in orthodontics, in
its entirety, without the aid of cephalometry. Many points,
lines and angles are plotted on these radiographic images
according to Ricketts (1972).

The advent of cephalometry marked the end of one
era and the beginning of another, allowing us to identify and
measure a large number of variables that remained hidden.
Since then, the diagnosis of orthodontic cases comprises
two distinct aspects: clinical and cephalometric, suggested
by Ramirez & Fernandez (2012).

The evolution of Orthodontics, over time and due
to the diversification of philosophies, techniques and
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orthodontic mechanics used, has contributed to reestablish,
in the patient, occlusal balance and facial esthetics.
Therefore, radiographic cephalometry provides many
elements to professionals in their fields, whether in research
or in clinical practice, providing them with information
about occlusion, the relationship of bone bases of the
maxilla and mandible - in a longitudinal sense - and the
relationship of the positioning of the teeth.

Cephalometry is one of the most important
auxiliary elements in the diagnosis and planning of
orthodontic treatment, since only the Angle classification,
used until the advent of cephalometry and which is clinical,
is not complete.Because they understand this, several
authors have proposed their analysis, such as Ricketts in
1957, Interlandi 1971, Jarabak in 1972 and McNamara in
1984.

The evolution in the diagnosis of dental occlusion
alterations has gained an excellent ally: IT. With the use of
dental programs, it was possible to maximize and define
with some accuracy the diagnosis, treatment plan and
prognosis of the patient, whatever the malocclusion. With
this, it facilitated the work of the dentist, guaranteeing him
greater safety (SCHLEYER; SPALLEK, 2001).

Cephalometric radiographs are used for diagnosis,
treatment planning, and prognosis of soft and hard tissue
responses to treatments. Normative cephalometric values
have been identified as guides in diagnostic decisions, bone
and tooth movements. Cephalometric analysis is used as a
norm due to its ease of obtaining, measuring and comparing
(superimposing) hard tissue structures and the belief that, in
the case of hard tissue cephalometric norms, this results in
a pleasant face.

These continuing advantages of cephalometric
analysis have led to strong reliance on cephalometrics in all
aspects of orthodontic, surgical and other facial
interventions (SUGUINO et al ., 1996; BIANCHINI 2002;
MORESCA et al ., 2002; SANTOS et al., 2002; SANTOS
et al ., 2005; REIS et al. , 2006; RAMIREZ &
FERNANDEZ 2012; PEREIRA et al. , 2014).

Cephalometric tracings can be performed by
manual and/or computerized methods. For a long time, the
manual method was the only one used to perform
cephalometric tracings and obtain angular and linear
measurements, but it became inconvenient due to the
increasing demand and accessibility of patients to clinical
and  specialized dental treatment (Orthodontics/
Orthopedics/Surgery), making it impossible for the dental
professional to perform so many manual tracings.

The evaluation of soft tissues is essential when
looking for balance and facial aesthetics, according to
Sant'ana et al., 2009. The face can become more or less
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aesthetically acceptable and, for this reason, cephalometric
analysis is not used in isolation. It is important to analyze
facial esthetics for diagnosis, planning and orthodontic
and/or surgical treatment. Professionals can count on digital
alternatives, in addition to radiographs, plaster models,
photographs according to Schols (2003); scanners to
capture images (VAN DER STELT, 2005); 3D printers and
scanners intraoral according to Hurt in 2012 and the
emergence of CT according to reports by Silva &
Sant'Anna, 2013.

The use of CCom has grown remarkably in recent
years, and it can be said that it reaches almost all
cephalometric studies in clinics around the world. Ricketts
(1972) led this research internationally. He himself started
in 1957 defining the position of the chin in space, using
basal and cranial references; oriented the maxilla (point A)
in the profile , in ideal harmony for the individual and
created a new A- Pogonio plane , which served as a
parameter for positioning the arch. He also considered,
theoretically, that the lower point A, the more lingually it
would be related to the Lower Incisor and defined the values
for the Lower Incisors as Immz=1.5mm.

ricketts et al., (1972) described the Summary
Analysis or Analysis of the 11 factors, with angular and
linear measures studied in American Caucasian subjects
with normal occlusion, at the age of 9 years; this is a
synthesized analysis with some of its main measurements
taken from the original analysis of the 33 factors mentioned
by him in 1957. The determination of facial type through
cephalometry was based on the calculation of the VERT
index (vertical skeletal pattern of the face) Ricketts measure
, based on five cephalometric measurements (Facial Axis
Angle, Facial Depth, Mandibular Plane Angle, Lower
Facial Height and Mandibular Arch).

According to Pereira; worldstock ; Berthold .
(2014) since the introduction of cephalometry by Broadbent
in 1931, several different analyzes have been carried out.
Those of Downs (1948, 1956), Steiner (1953), Tweed
(1953) and Ricketts (1960, 1972) gained the most
acceptance. The Wits assessment (1975, 1976) and analyzes
by Jarabak(1972), Coben(1955), Wylie(1947, 1952),
Sassouni(1969, 1970) are less used but well known.

McNamara (1984) stated that most of the available
analyzes were conceived during the period between 1940
and 1970, when significant changes in craniofacial
structural relationships were considered impossible.
However, at that time, clinical Orthodontics experienced the
advent of numerous orthognathic surgery procedures that
allowed the repositioning of the three dimensions of almost
all bone structures in the facial region and treatment by
means of a Functional Orthopedic Appliance (AOF) that
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presented new possibilities. in the treatment of skeletal
discrepancies.

For this reason, a need has arisen for new
cephalometric analyzes that are sensitive not only to the
position of the teeth in relation to the bone bases (maxilla
and mandible), but also the relationship of the bone bases to
each other.

Cephalometric tracings can be performed manually
or digitally using software such as: VisualBasic® and
PorDiosW® according to Gotfredsen, Kragskov, Wenzel
(1999); VistaDent 2.1 AT® and Jiffy Orthodontic
Evaluation® (JOE) cited by Celiket al., (2009);
Orthometric® cited by Sommer et al., (2009) ; Dolphin
Imaging 3D® and InVivo® reported by Silva and Sant'Anna
(2013 ); among others, which provide efficiency in
obtaining diagnosis, as well as help in image storage. bonilla
et al. ;(2011) highlighted that digital cephalometry allows
correcting errors generated in manual tracing and presented
Cephapoin t ®, which allows the location of points on a
computer monitor directly with the cursor, in a digital
image.

cephalometric tracings are therefore used for
diagnosis according to Suguino et al ., (1996); to assess
facial growth according to Bianchini (2002) and Ramirez &
Fernandez (2012); to determine the facial type according to
Moresca et al ., (2002); to plan the treatment cited by Santos
et al., (2005) and by Pereira et al ., (2014) and are important
to evaluate the soft tissues cited by Sant'ana et al ., (2009).

In addition to being used as a complementary exam
in the elaboration of the diagnosis, cephalometric analyzes
are widely used in the evaluation of treatments performed
and in the evolution of these treatments. Orthodontic
treatments can be evaluated by cephalometric tracings
according to Tien et al ., (2008) and Huang et al., (2016);
treatments with OFM as well, as stated by Aradjo et al.,
(2011) and Ko et al ., (2011); as well as facial surgical
treatments, as assured by Filho et al ., (2007).

Among the cephalometric analyzes selected in this
article, it can be seen that there are measures in certain
analyzes that are not found in others. As an example, we
cite, in the analysis of USP (1968), the Interlandi line related
to the position of the Lower Incisors and the Wits index (
University of Witwatersrand ), defined as a linear measure
and not an analysis itself. In addition to these, we also have
the Tweed triangle formed by the angles FMA ( Frankfurt
Mandibular Plane Angle ), IMPA (Incisor Mandibular
Plane Angle ) and FMIA ( Frankfurt Mandibular Incisor
Angle).

McNamara 's analysis , there are measures that
allow professionals to obtain cephalometric measurements
of the upper airways and the buccopharynx, which
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facilitates the diagnosis and treatment of adenoids and
hypertrophied tonsils.

In the analysis of Ricketts (1957) there is the VERT index
of facial growth that allows the professional to determine
the facial typology of the patient in: Dolichofacial (long
face, tendency of wvertical growth with open bite);
Mesofacial (balanced and harmonious face in the facial
thirds) and Brachyfacial (short face, tendency of horizontal
growth with deep bite). Finally, Jarabak 's analysis (1972)
provided us with important measures of the Superior,
Inferior and Total Gonical Angle , which are also
determinant in facial typology.

With all the measurements of the four
cephalometric analyzes and with the diagnostic hypotheses
and treatment options gathered in a single software, the
clinical and/or academic daily life of the professional
becomes easier and more practical. This meeting of four
cephalometric analyzes is important since no cephalometric
analysis alone is complete and this joint presentation brings
a necessary complement to the professional for the correct
diagnosis, treatment and prognosis.

The software and the established parameters
provide the linear and angular measurements of the patient
and, comparing with the standardized measurements, issues
a report with diagnostic hypotheses and treatment options
for each angular and/or linear measurement. This is
innovative because what happens nowadays is only the offer
of, at the end of the cephalometric measurements , a
summary and general report for the referred analysis.

Therefore, it is evident that the professional who
works with cephalometric analysis has clear and easy to
interpret data, at the same time safe and faithful for the
establishment of the diagnosis, treatment plan and
prognosis, in a single software : Cefanalysis ®.

V. FINAL CONSIDERATIONS

Within the limits of this study, it can be seen that
the use of Bioinformatics is increasing in Brazilian and
worldwide Dentistry. It is essential to encourage research
involving computational technology, expanding this science
and taking knowledge to undergraduate and graduate
courses, integrating students and their practices with the
tools of bioinformatics.

The advantage of having four analyzes gathered in
a single software and the possibility of making
cephalometric tracings of each of these techniques in
combination allows the orthodontist to perform the entire
procedure in his own office. More than the cephalometric
tracing itself, it is possible to elaborate diagnostic
hypotheses for each of the listed measures and treatment

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

proposals for each of the changes in normality. The findings
of this study made it possible to complement the data for an
accurate diagnosis performed by professionals who use
CCom..

It is extremely important that the orthodontist
and other professionals who use cephalometry as a
complementary exam for diagnosis, planning, treatment and
follow-up are always updated on the evolution of techniques
for obtaining, interpreting and treating images, as well as all
the technology made available by bioinformatics. so that all
these tools are strong allies for the success of your patients'
treatments.
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Abstract—Intimate partner violence is a complex problem that harms the
lifestyle with profound changes in women's daily lives. This is an
interdisciplinary research, with a qualitative approach, developed
between July 2019 and February 2020, in a Reference Center for
Women's Care in the city of Petrolina, Pernambuco, Brazil, with data
collected through semi-structured interviews, applied to twelve women
who experienced intimate partner violence. The results were systematized
by the Collective Subject Discourse method and interpreted by
methodological theoretical resources of Comprehensive Sociology and
Everyday Life in Michel Maffesoli's sociological thought. The collective
subject was between 32 and 56 years old, Black and Brown, low income,
evangelical religion and complete higher school level. The content of the
narratives originated three central synthesis ideas that comprised three
collective discourses about the daily life of women before violence, daily
life during violence and daily life after partner violence. The discourses
describe daily transformations resulting from the tragic represented in
childhood and adolescence by intrafamily violence and adulthood by
intimate partner violence that resulted in the loss of freedom, autonomy,
individuality, social relationships and material goods and gave rise to
needs that transcend traditional care.

I.  INTRODUCTION

The life of a woman who experiences Intimate Partner
Violence (IPV) changes dramatically with losses that
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extend in different areas of her daily life (Soares and
Lopes, 2018). This type of violence is a tragic and
recurrent event affecting women worldwide, with an
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estimated 27% of them in 154 countries suffering 1PV
(World Health Organization [WHO], 2021).

Women who suffer IPV live in a domestic environment
that is disharmonious and harmful to health, favorable to
the triggering of physical and psychological symptoms,
whose exposure to repetitive physical aggression,
humiliation or removal from their belonging groups,
emotionally wears down the woman who, due to marital
discussions, does not have time for themselves (work and
leisure) and these, predictors of long-term health damage
(Carneiro et al., 2021).

Thus, it is possible to observe that IPV is a complex
problem that compromises quality of life and well-being,
implying changes in daily life with risk behaviors, reduced
productivity, negative effects on physical and
psychological health, or destruction of life by feminicide
(Lucena, Vianna, Nascimento, Campos and Oliveira,
2017). These are profound effects that can extend to
perpetrators, family members and social context (Stewart
and Vigod, 2017; Frazdo et al., 2020).

From this brief panorama, it is considered relevant to
discuss this type of violence that affects women
worldwide, with repercussions on lifestyle and profound
changes in daily living. In view of this, the question
emerged: how does the day-to-day life of a woman who
experiences IPV? This study aimed to describe changes
that occurred in the daily life of women in situations of
Intimate Partner Violence. This research has social
relevance for contributing to the understanding of the
harmful effects of traumatic IPV experience on the daily
lives of women and families, reinforcing the need to use
strategies to control this type of violence against women.
The results will boost interdisciplinary reflections and the
development of comprehensive care practices for women
and their family groups.

1. METHOD

The present work is an example of the master's thesis
entitled "Daily life of women experiencing intimate
partner violence: contributions to interdisciplinary care",
which integrates the anchor project "Violence against
women: implications and basic human needs affected"
approved by the Research Ethics Committee of UNIVASF
under Opinion N 2,615,442 and Amendment N 3,350,005
of May 27, 2019.

This is a qualitative research that is part of the field of
interdisciplinarity and was developed between July 2019
and February 2020 at the Valdete Cezar Reference Center
for Women's Care (CEAM) in the city of Petrolina — PE,
Brazil.
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Data were collected through  semi-structured
interviews, applied to 12 women over 18, experiencing
Violence by partner or ex-intimate partner, who to ensure
confidentiality and confidentiality about the information,
were identified by the fictitious names of Hydrangea,
Gardenia, Dahlia, Rose, Acacia, Angelica, Iris, Magnolia,
Daisy, Yasmin, Melissa and Lily.

After transliteration, the potential of narratives was
systematized by the Collective Subject Discourse (CSD)
method of data organization, based on the grouping of
similar key expressions (KEP) that represent the same
Central Synthesis Idea (CSI) and which compose a
discourse synthesis of the qualitative sum of individual
discourses (Marinho, 2015). After formulated, the
Collective Discourses (CD) were interpreted by
Comprehensive Sociology and Everyday Life, under the
sociological perspective of Michel Maffesoli who uses
sensitivity in his theoretical concepts and assumptions to
perceive minutiae and understand people's daily lives.
Among the assumptions, "the form" was selected by
proposing the description of daily life without judgment of
values and considering that things are not static and can
change at a given time. The author presents the formism,
neologism used by him, to explain a mode of presentation
of everyday life from the “contours of within" by using
imaginary modulations to apprehend subjectivity and
capture the nuances of people's underground centrality
(Maffesoli, 2010).

For this research, presenteeism modulations, forms of
passive resistance and sense of limit were explored.
Presenteeism is the valorization of the present time, made
of ephemeral moments in which what matters is what
exists and what is done and not what will be done. Thus,
the future ceases to be the focus and by worrying about
living the instant attention is focused on the beauty of the
world and things, to the pleasure and affront of fate
(Maffesoli, 2010).

Forms of passive resistance are indirect opposition
strategies used in situations of domination or oppression,
organized in the categories of analysis: acceptance of life
or destiny, silence, cunning, double play and organic
solidarity (Maffesoli, 1987). As for the sense of the limit,
it can be said that it is between tolerance and
consciousness in the face of the tragic in daily living,
which concerns events capable of modifying daily life and
for which it is necessary to find ways to deal and adapt
(Maffesoli, 2009).

The collective subject invited to collaborate with the
research signed the Free and Informed Consent (TCLE)
and answered questions about their experience of IPV
through individual interviews with an average duration of
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60 minutes, recorded with their authorization. The closure
of data collection was not defined by saturation criterion,
but by the quality of the content of the collected data when
contemplating the research object and meeting its
objective.

I1l. RESULTS
Characterization of the collective subject

The collective subject was composed of 12 women
aged between 32 and 56, black and brown (9), evangelical
religion (7), married marital status (3), single (3) or
divorced (3), with higher education complete higher
education (4), low income with total or partial dependence
on the partner or family (8), beneficiaries of the Brazil Aid
Program (4), which constituted single-parent female
families (4), nuclear families (4) and extensive families
(4). They had time living with their partner between five
and 36 and simultaneous experience of two to four forms
of violence: physical violence (11), sexual (2), moral (9),
psychological (11) and patrimonial violence (5). There was
involvement with alcohol and marijuana used by the
collective subject and alcohol used by the partner.

Composition of the Collective Discourse

Three CSI stems were identified that gave rise to
discourses about the daily life and the effects of the tragic
experience. The CSI "my childhood and adolescence were
difficult, but 1 had freedom before I met him", CD
generated: living daily life of the woman before IPV.

My childhood was not good, | was raised in a
disstructured family, | was ignored by everyone and the
only person 1 still have contact with is my ex-
stepfather, only he has tried to sexually abuse me. |
suffered violence from my mother, beat me, treated me
badly and said | was the ugliest of brothers, never put
me in school and abandoned me young. My father
loved to change women and kept changing towns, once
he gave each of us to a different person. Also, he was
an executioner, he did not let study, it was only to
work, only to leave one day Sunday if it was for a
prayer, many things he did not let use, such as a
lipstick, enamel, then when | got married [crying]. My
head is very full of negative things from my childhood
and adolescence. But before | met him | was more
daring, more independent, worked and made money,
always went out, always had a lot of fun. I felt happy, |
was free, | traveled a lot, alone or with friends. My life
before him was normal, | wouldn't go to the police
station, and | wouldn't take the guardianship council at
the door. (Hydrangea, Gardenia, Dahlia, Rose, Acacia,
Angelica, Iris, Magnolia, Daisy, Yasmin, Lily).
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The CSI "my life changed after | married him"
composed the CD: living every day during IPV.

After | met him my life changed, he got in the way of
doing everything, suffocated me, | didn't give an
opinion or what to eat and only worked with what he
left. He only liked a boy man and when he saw that |
would have a girl started assaulting me, he put me as
the worst of women and pushed me out of bed when
we were sleeping. It was a coexistence of abuse,
aggression, manipulation, lack of respect and threats.
He was possessively jealous, he didn't want me to leave
the house, he had a time to get here, he wouldn't let me
be friends, he called me a slut, and he wondered if |
had anyone. When | went out to study, he'd break
things up at home and punch me in the chest when |
got back from a course. Then came other violence,
made me sell the things | had achieved, used my name
as a company and soiled my name, to this day | keep
paying the price. My sex life was always active
because it required sex every other day, so | had to do
it and to get a perfect husband because everything I
heard from him left me without pleasure. Because |
was evangelical, | didn't think | could deny myself to
my husband. | was hungry with my kids, too, because
he didn't do a fair, I'd open the closet and start crying
and he'd laugh in my face. | was fighting with him, and
once | hit him, i pushed him and slapped him.
(Hydrangea, Gardenia, Dahlia, Rose, Acacia, Angelica,
Daisy, Yasmin, Lily).

The CSI "today | live a life | would not like" composed
the CD: the daily life of women after IPV.

My day to day was bad, unbearable, changed
everything, peace is over, today | live a life | would not
like. After my marriage went apart, | had to get used to
it, | had a home and even the way It was, | could bear
it, I could be happy even with the problems. It's kind of
a prison, | feel suffocated and besides, it left me in a
tough situation with very high debts, besides my
daughter being in a foster home because of him. Now |
have to supply all the needs of the house, I have to
work twice, besides my normal job | have to sell
candy, sell jewelry, do ceremonial, because the money
he gives me does not even pay my son's school. He left
a lot of debt on my credit card, so the financial side is
weighing a lot on me, and it shakes me because | don't
have the emotional structure for debt. And even though
they were separated five years ago, he still raped me.
So, today | feel in the middle of nowhere, lost,
forsawed, sustained by one and the other. That's when |
decided to get help. (Gardenia, Dahlia, Acacia,
Angelica, Magnolia).
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IV. DISCUSSION

Active and sensitive listening, without prejudice or
judgment, contributed to the collective subject letting
emerge the underground centrality that concealed feelings
everyday changes resulting from the experience of IPV.

Still in childhood and adolescence, the tragic
experience of intrafamily violence in their expressions of
neglect, abandonment, sexual, physical and psychological
abuse experienced by the collective subject is remarkable,
occurrences commonly found in life histories of women in
IPV situations, which is a significant factor for the
occurrence of violence in intimate relationships in
adulthood, sexual and physical abuse (Yan and Karatzias,
2020).

Thus, the effects of child abuse tend to interfere with
daily living throughout existence, associated with
depression and posttraumatic stress disorder with severe
symptoms, psychological functioning problems and low
levels of stress dominance (Yang Li, Herbell, Bloom,
Sharps and Bullock, 2020; Yan and Karatzias, 2020;
Alvarez, Perrin, Lameiras-Fernandez, Rodriguez and
Glass, 2019). This draws attention to the influence of the
relational patterns of the family of origin on the dynamics
of the couple because they are often naturalized, they
constitute a reference. Thus, many conflicts are reflections
of the relational patterns learned in childhood that are
repeated transgenerationally (Colossi and Falcke, 2018;
Costa, Costa, Mosmann and Falcke, 2018).

It is noted that the collective subject describes a day-to-
day violation of the right to freedom that denotes the small
daily deaths present in the restrictions of choices, opinions,
tastes, work activities, leisure, study and relationships. He,
Collective Subject, renounced, annulled himself and
invalidated his own feelings and desires, skills, dreams,
relationships and activities that are sources of pleasure and
joy, and the renunciation extended to the domain of one's
own body, because it eventually gave in to sex, even
against the will (Parada and Murta, 2020; Maffesoli, 2010;
Netto, Moura, Queiroz, Leite and Silva, 2017; Goes,
2019).

As can be seen, male domination nullifies the inner
power of women, this force that uniformizes the
multidimensionality of being, polymorphic potentialities,
creativity, vitality and dynamism (Maffesoli, 1984), and it
is common that in Situations of IPV, there is a personal
demotion of women with destruction of her self-esteem
and the vision she has of herself (Moulding, Franzway,
Wendt, Zufferey and Chung, 2020), because the
relationship that women have with values, social life,
death, sex, work, housing and clothing, that is, everything
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that concerns the art of living or the ways of life,
constitutes its "core of identity” (Maffesoli, 1984). So that,
with the annulment of herself, there is a loss of identity,
freedom, work, relationships, individual property and
financial autonomy (Goes, 2019).

Thus, it is necessary to consider the plural being in its
singularities of feelings that it needs to express, so that
boredom does not assole the woman who suffers IPV and
that coertion tries to institute (Maffesoli, 2010; Maffesoli,
2012). Thus, when they no longer endure a daily routine of
oppression, they have the sense of the limit provoked and
no longer tolerating suffer, tend to react by attacking the
partner, or rescuing the strength of wanting to live and
break with the relationship. This is how the collective
subject overcame tolerance and allowed the sense of the
woman's limit to emerge that is aware of the traumatic
experience of IPV and the changes triggered by it.

Therefore, to demonstrate their exhaustion in the face
of IPV, the collective subject used masks and emotion to
stage, express restlessness, through feelings of anger, fear,
repentance, sadness, anguish, and hope. Through crying he
staged and compared his daily life before the tragic of IPV,
emphasizing that his lifestyle changed in a way that
despite rescuing the inner strength and breaking with the
relationship, the negative effects persisted modifying his
life.

Every mutation and transmutation arouses fear, and
this is how changes in daily post-separation have
frightened them (Maffesoli, 2010). After the break of the
conjugal bond, the collective subject found himself in a
transformed and distant daily life, in order to perceive life
as undesirable. The separation generated a dissatisfaction
because it resulted in the disaggregation of the family,
which in the collective imaginary, should be constituted by
parents and children in union, as well as, because the home
was undone as a place of residence, since the financial
situation after IPV did not allow to supply expenses in
separate places.

With the rupture of affective bonds, the collective
subject felt helpless and lonely because he had to deal
alone with the effects of social isolation and property
violence suffered. Mainly, because after leaving the
relationship, it is common to face financial difficulties,
especially due to debts, when the partner forces them to
sell their assets and have their names used for lending.
Therefore, IPV accentuates economic insecurity and
material difficulties by limiting work activities, negatively
impacting health, increasing stress and decreasing physical
and psychological well-being, which can also affect the
ability to manage available resources (O'Connor and
Nepomnyaschy, 2019).
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In these situations, there is an existential emptiness,
given the rupture of social bonds and women's autonomy.
The obligation to do this or that, of conjugal duty, to attend
to the partner's orders together with domestic care and the
education of children transforms the somewhat illusory
freedom that once existed in real slavery (Maffesoli,
2003). Therefore, one must count on the otherness of
people, because social life is the expression of feelings of
belonging, of cooperage, of being a member, of being part,
of corresponding to a group (Maffesoli, 2003; Maffesoli,
2012).

The study presented as limitations the brief period of
data collection, due to the social isolation imposed by the
pandemic of the new coronavirus (Covid-19) that
interrupted the application of face-to-face interviews. In
addition, the data may be subject to memory bias because
they are past feelings and experiences and there was no
longitudinal follow-up of daily changes during and after
IPV, which can be considered in recent studies.

V. CONCLUSION

The collective discourses expressed the underground
centrality of women composed of life stories, feelings,
thoughts, images, beliefs, inner strength and resistance in
the face of the daily transformations they experienced
throughout their lives during childhood, in living with the
aggressor partner and after breaking away from the
abusive relationship.

The underground centrality reveals a daily life in which
all the rituals of daily life were demarcated by the tragic,
that is, the imposition of the limit, exercised, first by the
father figure and then by the partner. Living in this family
context required several times, annulling to survive and
even if violence was already part of daily life, the practice
practiced by the partner was more invasive resulting in the
loss of freedom, autonomy, individuality, social
relationships and material goods.

Thus, women who have experienced IPV have adverse
life histories since childhood and experience changes in
daily life that disturb feelings, thoughts, identity, rituals
and daily practices, future expectations, social
relationships and quality of life, requiring comprehensive
care and interdisciplinary care that transcends socio-legal
and physical and psychological health demands.

In view of these changes, needs arise that transcend
what is already offered by the traditional attention of the
support services available. A sensitive and resolutive care
to the needs of women who have experienced IPV requires
an interdisciplinary look that encompasses problems in all
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areas of life, not only in the present, but considering the
past in a transversal and longitudinal perspective.
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Abstract — Safety is an essential requirement of a structural system.
Reliability is an additional tool of growing importance in engineering, as it
allows us to quantify uncertainties in the design. Thus, reliability assists us
in making more suitable decisions regarding the safety of a structure. The
present work compares and analyzes structural reliability methods applied
to various examples of limit state functions. These methods are essential
tools for this analysis because they identify and quantify uncertainties in
random variables, allowing the evaluation of the probability of failure of
the structure. Structural reliability methods were programmed and
simulated in the Python language. The performance of these methods was
analyzed through examples of linear, nonlinear, implicit, and explicit limit
state functions. The results indicate that the simulation of Monte de Carlo
brute force (MCBF) and importance sampling (MCAI) proved to be quite
efficient for the examples studied in this work, with values equal to or very
close to the reference values from the literature. The First Order and
Second Moment Method (FOSM) presented limitations in some examples
when the basic random variables do not have a normal distribution and the
limit state function is nonlinear. The first-order reliability method (FORM)
employs a failure surface linearization, which does not work well for highly
nonlinear problems. The second-order reliability method (SORM) has
improved the FORM results by including additional information about the
curvature of the limit state function.

I.  INTRODUCTION

According to Haldar and Mahadevan [1],
observable phenomena contain a certain amount of
uncertainty. In general, repeated measurements of physical
phenomena vyield multiple results. The occurrence of
various outcomes with no pattern is described by terms

such as uncertainty and randomness.

According to Real et al. [2], the main quantities
involved in engineering design are, in reality, random
variables, which have a probability distribution. Therefore,

www.ijaers.com

the structure's response to loading will also be a random

most variable.

Thus, ensuring adequate safety levels in structures, and
providing good performance, is one of the most significant
engineering challenges. Models based on limit states are
used in the design standards, where a series of safety
criteria is specified in the calculation process of structures.
The effect of uncertainties on the safety of structures can
be diminished by analyzing the probability of failure of a
limit state. (ALBUQUERQUE AND REAL [3]).
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For Verma et al. [4], reliability is defined as the
probability of trouble-free performance under established
conditions. Still, it can be considered the probability that
an element can perform its intended function for a
specified time under pre-established design conditions.

After Beck [5], due to the uncertainties of the
parameters of engineering projects, it is necessary to carry
out reliability analyzes because of possible failures. The
answer, in this case, is the determination of the failure
probability or reliability index associated with a limit state
function that depends on the random variables of the
problem. That way, structural reliability methods are
essential tools for this analysis, as they identify and
quantify uncertainties in random variables.

According to Santos [6], several methods have been
developed to estimate the failure probability and reliability
index values. Among these methods, FOSM (First Order
Second Moment), FORM (First Order Reliability Method),
and SORM (Second Order Reliability Method) stand out.
These structural reliability methods, also known as
transformation methods, approximate the limit state
function at the design point by a hyperplane, in the case of
FOSM and FORM. In the case of SORM, a quadratic
hypersurface is used. The approximation of these methods
can lead to errors, especially when the limit state function
is strongly nonlinear. In this way, Monte Carlo simulation
can estimate the probability of failure and the correct
reliability index, as this method is considered the most
exact.

The Brazilian Association of Technical Standards
(ABNT) is the main standardization body in the country.
The Brazilian Norms (NBR) are technical documents used
to standardize and guarantee a quality level. There are still
no technical specifications based on structural reliability
principles in Brazil, although this is a reality in several
other countries. Therefore, this work is justified by the
omission of the NBR concerning structural reliability. This
paper aims to compare structural reliability methods
applied to examples of limit state functions and, thus,
analyze the efficiency of the method application.

Il. MATERIAL AND METHOD

The methodology used in the elaboration of this work
consists of the development of codes for structural
reliability analysis through the methods Monte Carlo Brute
Force (MCBF), Monte Carlo with Importance Sampling
(MCIS), FOSM, FORM with the HLRF algorithms
(Hasofer, Lind, Rackwitz and Fiessler) and iHLRF
(improved Hasofer, Lind, Rackwitz and Fiessler) and
SORM.
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After programming, a comparative study between the
methods was presented, where eighteen examples of
linear, nonlinear, and implicit limit state functions
obtained by some researchers are considered. Then, the
performance and shortcomings of each method are
analyzed.

2.1 — Limit State

Beck [5] states that each distinct form of arriving at an
undesirable state is generically called a failure mode.
Where each failure mode gives rise to a limit state
equation g{xJ, which is a function of the vector of random

variables ¥ = {¥,.X...... X}, in such a way that the limit
state is determined by equation 1:

) = glX, %o, Xy ) = 0 ©)

a limit state equation g{XJ is written in such a way as to
divide the problem domain into failure 0 and safety

domains £1,;, as shown in equations 2 and 3:

0, = {Xlgx) = 0} (2
N, = {Xlgx) = 0} (3)

The failure domain ¢ is constituted of all points in the

sample space X that lead to the structure's failure. The
secure domain 1. is the complementary set to the failure
domain.

2.2 — Limit state function

According to Melchers and Beck [8], just as there are
uncertainties in engineering projects, a structural system
has the risk of not reaching the designed performance.
Consequently, the performance of this system cannot be
guaranteed to be completely secure. Thus, for Santos [6], it
is convenient to define the limit state function; considering
a structure with resistance R and load S, being possible to
evaluate the failure probability. A limit state function in a
probabilistic analysis can be determined by equation 4:

glx) = R(x) — 5(x) (4)

Where x is the vector of random variables of the problem;
R{x) is the random variable representing the strength of

the structure; S{x} is the random variable representing the
loading.

The probability of failure (F) is defined when the
structure's resistance is less than the loading, and the safety
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probability () is when the resistance is greater than or
equal to the loading, being given by equations 5 and 6:

P = Plglx) = 0] (5)
B =1-F. (6)

In compliance with the JCSS [8], the probability of
failure must be calculated based on the type of joint
distribution of the basic variables and on the standardized
distributive formalism of dealing with model uncertainty
and statistical uncertainty.

Figure 1 shows a surface with the failure region, the
safety region, and the limit state function for a system with
two variables.

X,

g(X)=0
/ Limut state function

gX) <0

Failure region

gxX)>0

Safe region

0 / X,

Fig. 1: Limit state function for a system with two
variables (ALBUQUERQUE [7])

For Beck [5], the reliability index calculated in
problems involving statistically independent normally
distributed random variables and a linear limit state
function corresponds to the smallest distance between the
origin and the limit state function and is given through
equation 7.

= —IMR"_ 'u:f" \ (7)
- Vog + gy

According to Melchers and Beck [8], the failure
probability can be obtained directly from the reliability
index for linear limit state functions. It can still be defined
if the function is nonlinear, but only for an approximate
(hyper)tangent plane. In each case, B represents the
smallest distance between the origin in standardized
normal space and the tangent plane, as shown in Figure 2.
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\ n

Fig. 2: Representation of the reliability index
(ALBUQUERQUE [7])

In Figure 2, the minimum distance point on the
hyperplane is denominated as the design point. This point
has the highest probability density within the space
covered by the failure region, according to Melchers and
Beck [8].

2.3 — Reliability Methods

Monte Carlo simulation is a numerical method that is
based on random sampling. Second Beck [5], in structural
engineering, Monte Carlo simulation adapts to linear and
nonlinear, static or dynamic problems. In structural
reliability, the simulation solves, with the same ease,
problems involving a single limit state equation, time-
dependent or not.

=)

Define random variables;

v

Generate n samples for the sampling
function;

v

Generate N samples for the random
variables according to the sampling
function;

v

Solve the function g(x) for each set of
random variables;

v

Extract from the samp]es the number
of times the function gx) = 0;

v

Determine the reliability index and
failure probability. The end

Fig. 3: Flowchart of the brute force Monte Carlo
method algorithm (ALBUQUERQUE [7])
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The brute force Monte Carlo simulation method
(MCBF) is a numerical technique based on repetition of
the simulation process, using a specific set of values in
each simulation.

According to Haldar and Mahadevan [1], the MCBF
simulation has six essential elements, and the algorithm of
the method is presented in Figure 3.

One of the techniques to accelerate the convergence
of Monte Carlo simulation is utilizing importance
sampling. The technique determines the probability of
failure in the limit state region. Beck [5] states that the
importance sampling technique uses a sampling function
to avoid generating samples far from the area of interest,
far from the failure domain. The points are generated from
a sampling function hy{x}. Multiplying and dividing
Equation 5 by h{x), we get equation 8:

1 Z-‘-’ fielxd (8)

P-xP=— IL(x)——
N |'=L'g{xl]hx{x|':]

The point x; is associated with a weight wy, <=1,
represented by the ratio of the functions f;{x) and hy{x).

The variance of the failure probability is estimated by
equation 9:

. 1 N .
1-':"[1?"'[1:}] = mzi {Ig[xk]wk—ﬁ-]' (9)
According to Haldar and Mahadevan [1], the algorithm
of the MCIS method is presented in Figure 4.

=

Define random variables;

v

Use the design points obtained
through the FORM {HLRF method;

v

Generate n samples for the sampling
function;

v

check the occurrence of failure for
each sample, through the indicator
function;

Estimate the average failure
prohability through Equatinn §;

v

Estimate the variance of the failure
probability through Equation 9;

Determine the reliability index and
failure probability. The end

Fig. 4: Flowchart of the Monte Carlo method
algorithm with sampling by importance (ALBUQUERQUE

['D
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According to Haldar and Mahadevan [1], FOSM and
FORM can be used to evaluate a function of normal and
statistically independent variables. FORM can also
represent a nonlinear limit state function by the first-order
approximation with equivalent normal variables. And
SORM determines the probability of failure by
approximating the nonlinear limit state function by a
second-order representation. FORM substitutes the limit
state function at the design point by a hyperplane, while
SORM uses a quadratic hypersurface. In Figure 5, the first
and second-order approximations are shown.

¥a 1
SORM
gly)=10
gly) <0
B,
a() >0

g v
FORM -

Fig. 5: First and second-order approximation - FORM
e SORM (ALBUQUERQUE [7])

According to Beck [5], in the FOSM and FORM
methods, the limit state equation is approximated by a
linear function. The information for constructing the joint
probability density function f5 () is limited to moments

up to second-order (mean and covariance). A
representation of the problem variables by their moments
corresponds to assuming them as having a normal
distribution.

The FOSM method solution algorithm is presented
below, following (BECK [5]).

Algorithm 1. Reliability method FOSM

1.  choice of initial failure point x* to k=0

(usually the mean point);
2. evaluation of Jacobian matrices (J, and

Jy) and the vector of the means V;
point transformation x* of ¥ — ¥;

evaluation of g (x%);

o M~ ©»

gradient calculation:
a.  calculating the partial derivatives of g(x)
in design space X
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b.  transform the gradient to ¥

c.  calculating director cosines a (v*)

6. calculation of the reliability index (g}

7. calculation of the new point of failure

v*** through

v = uf — agoX, (10)

8. transformation of y*** in X;

9.  verification of the convergence criterion.
If:

?g{vkﬂ'} vk"'l
| IwglyE oI |1y

(11)

1 <e elg(y*)<s

being € = 1075; the algorithm is interrupted (y* =
v5*1 ). otherwise, return to item 4 with k=k+1

until reaching convergence;
10. at the end, evaluation of the reliability
index at the design point: B = || y*||.

The FORM algorithm is equal to the FOSM for a
problem with a normal probability distribution of random
variables. When distributions are mixed, it is necessary to
calculate the mean and standard deviation of an equivalent
normal distribution (ALBUQUERQUE [7]).

¥z 9

N

ol gy = D\ Y

Fig. 6: Representation of the FORM method with
the HLRF algorithm - Linear limit state function
(ALBUQUERQUE [7])
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According to Melchers and Beck [8], the search for the
design point y* is one of the fundamental steps to
obtaining the failure probability by the FORM method.
The transformation of any variables, correlated or not, into
statistically independent equivalent normal variables is
performed through the Nataf model transformation.

For Beck [5], the solution of reliability problems via
FORM for nonlinear limit state functions involves
resolving an optimization problem to search for the design
point. The most used algorithm is Hasofer, Lind, Rackwitz
and Fiessler (HLRF). For nonlinear limit states, the
minimum distance calculation becomes an optimization
problem. The solution to this problem is presented in
equation 12:

d =|lyll =y (12)

Figures 6 and 7 illustrate an iteration of the FORM
method with the HLRF algorithm, considering a linear and
nonlinear limit state function. It is observed that while the
design point is not reached, the condition g{y) = 0 is not
obtained. That is, the point v* does not reach the failure
surface, but a surface to which g{y) is constant (c).
Therefore, the optimization algorithm must start from the
point ¥, which may not be in the limit state, and converge
to the minimum distance point ¥* in the limit state.

ol

Fig. 7: Representation of the FORM method with the
HLRF algorithm - Nonlinear limit state function
(ALBUQUERQUE [7])

The recurrence formula for ¥*** can be obtained
considering the linear approximation of g(y}, and is
represented through equation 13:
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_ [Pgly)ty* — gy*)IPgly*) (13)
a I g Cy®I2

According to Sudret and Der Kiureghian [10], the
HLRF algorithm can be improved (iHLRF) through a
linear search for the fit. The original HLRF algorithm
gives the search direction of equation 14:
B ‘U‘g(j';‘]fj';‘ _ g(j‘;"]

IvgGy®I|

The solution algorithm of the FORM iHLRF method is
presented following (BECK, [5]).

Algoritmo 2. Reliability method FORM iHLRF

Data: y* e R"A=0n=>La £(0,1],0 = m, =1

S+l

(14)

dk = g+l gk

E"ﬂ (j.i;] _ J.F;

1. Calculate the search direction of d¥

given in equation 14;
2.  Determine the penalty parameter ¢ of the
merit function

If |g(y*)| = a

¢ = 1 max Il 1 ll*+a®]”
e )"z lely*)l

If not

—
7 (4T

3. Determine o using inequality

While plv* + ad®) — ply¥) = mLa?p{yk}t g

Do o=

talm

ot =
4.  Update the point y:

The SORM approximates the limit state function at the
design point by a quadratic hypersurface. Beck [5] states
that this method results in a good approximation of the
failure probability when the limit state function, in
standard normal space, is linear or weakly nonlinear in the
vicinity of the design point.

For Cordeiro [11], the SORM method estimates the
failure probability through a second-order approximation
of the limit state function at the design point. The second-
order derivative of this function approximates the
curvature of the limit state function with respect to the
equivalent normal space variables. The SORM method
algorithm is calculated by obtaining the reliability index
and failure probability of the FORM method. The
algorithm of the FORM and SORM methods is shown in
Figure 8.
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According to Haldar and Mahadevan [1], the curvature
of any function is related to the second-order derivatives in
relation to random variables. Therefore, the second-order
reliability method (SORM) improves the FORM result by
including additional information about the curvature of the
limit state of the function.

I1. RESULTS AND DISCUSSION

Eighteen problems are presented for comparative
analysis, applying Monte Carlo simulation and
transformation methods in structural reliability problems.
The study consists of a comparative analysis of the
convergence of the reliability index of linear, nonlinear,
and implicit limit state functions found in the literature.

The transformation methods are interrupted when they
encounter a point whose stationarity measure value is
sufficiently small. In this way, the conditions are
established according to equation 11, using € = 1075,
The method execution is interrupted if these conditions are
not met until the code reaches 100 iterations.

In implementing Monte Carlo simulation, MCBF
works well for a simulation number up to 9x 107 . The
MCIS uses a predetermined point as sampling, using the
design point obtained through the FORM iHLRF method.

The probability distributions, the moments (mean and
standard deviation) of the random variables, and the limit
state function g{x) are presented for each problem
analyzed

Problem 1 - Beck [5]: Limit state function
glx) = x, x, — x5 the variables follow normal probability
distribution, with mean values u, =40, u,, =50 and
Uy, = 1000 and standard deviations g, =3.g,, =2.5

and g, = 200.

Problem 2 - Shayanfar [12]: Limit state function
glxd =x% + x7x, + x3 — 18, the variables follow normal
probability distribution, with parameters u, = 10,
Uy, =99and g, =g, =5.

Problem 3 - Keshtegar e Chakraborty [13]: Limit state
function glx} = x} + x3 — 50, the random variables, x,

has lognormal probability distribution with parameters
Uy, =5and g, =1, x, follows Gumbel distribution with

parameters u, = 10 and o, =10.
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@4 Define the limit state function g(x): I

v
I Choose a point of failure x* initial; |
v
I Assume an initial value of the reliability index (f8); |
I Point transformation x* de X — Y; l
Calculate Partial Derivatives :—Z;
v
Calculate director cosines (a,,) at the design point;
v
I Determine the new failure point with: y* = u%,— — a}“Boﬁi I

| Verification of the convergence criterion; |

.
[ Calculate the Pg, . e Brorm- }—b

v

Orthogonal matrix calculation;

v
g

Determination of second order partial derivatives H

s
v

Calculation of curvatures in the region of the most likely point of failure;

v

Calculate the Py . e Bsorm- ]»—@

Fig. 8: Algorithm of the FORM and SORM methods (ALBUQUERQUE [7])

Problem 4 - Li e Zhang [14]: Limit state function 3 ® ]
glA. P) = 3.0 — u, (A, P), the random variables, x, has

lognormal  probability  distribution with  parameters 300 cm
ty, = 0.0025 and g, =0.00025, x. follows Gumbel

1
distribution with parameters u, = 200 and g, = 50. The A'|l IP IP %
I 400 em

400 em | 400 em | |

authors present an analysis of the plane truss with the
dimensions and loads shown in Figure 9. The bars'

material has a linear elastic behavior, with a modulus of Fig. 9: Structural scheme of the flat truss (Li e Zhang

elasticity E = 200 GPa. The cross-sections of the truss [141)

members have an area of 25 cm®. The structure is

subjected to loads P = 200 kN, applied vertically at nodes Problem 5 [Ang e Tang (2007)]: Limit state function
2and 4. g(R.5) =R -G —Q — W, the variables have a normal

probability distribution, with parameters
tg =975, pg =200, py =300, uy =150, oz =
146.25, g5 = 14, gy = 36 and o, = 30.
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Problem 6 - Ang e Tang [15]: In this example, the
same data from Problem 5 are used, with changes in the
distributions of the variables, R and G have lognormal and
normal probability distributions, respectively, Q and W
follow the Gumbel probability distribution.

Problem 7 - GHALEHNOVI et al. [16]: Limit state
function g(x) = exp(0.2x, + 1.4) — x,, the variables
follow normal probability distribution, with parameters

Uy, = iy, =0and g, =g, = 1. Thisfunction is weakly

i
nonlinear and its behavior is illustrated in Figure 10.

-
!

//
: #
61 ' /
= Failure //
: -
o~ ‘/'
= L
e
>
; .
.-/"
— = i
2+ ;
-3 2 1 0 1 2 3
X1

Fig. 10: Failure threshold and failure and safety
domains, for problem 7 (ALBUQUERQUE [7])

Problem 8 - SANTOS [6]: Limit state function
glp.q) =3 —q + (4p)*, the variables follow normal

probability distribution, with parameters u, = . = 0 and
o, = g, = 1. This function is strongly nonlinear and its
behavior is illustrated in Figure 11.

\ | Failure T .";
.. —wwan] |

A I
i3 A\ i /

10 == e

29

R 0.75 .50 025 (.00 025 050 0.75 100

P

Fig. 11: Failure threshold and the failure and safety
domains, for problem 8 (ALBUQUERQUE [7])

Problem 9 - Beck [5]: Limit state function
glx) =x, +2x.+ 3x;+ x,— 5x:x,. the variables
follow lognormal probability distribution, with mean
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values . =y, = My, = H,, =120, p, =350 and
Uy, =40 and standard deviations
Oy, = Oy, = 0y, =0, =0, =12andg, =15.

Problem 10 - GROOTEMAN [17]: Limit state
function gix) = 25— 0.2357(x, —x,) +0.0046(x, + 1, — 20)%,
the variables have a normal probability distribution, with
parameters u, = u, =10andg, =g, =3.

Problem 11 - SANTOS et al. [18]: Limit state function
glx) = x,x, — 78,12x,, the random variables, x, and x,
have lognormal probability distribution with parameters
e =2x 107, p, =107%, g, =05 x107 and
gy, =0.2x107*, x; follows Gumbel distribution with
parameters u, =4 and g, = 1.

Problem 12 - SANTOS et al. [18]: Limit state function
glxl =x% + %2 - 18, the variables follow normal

probability distribution, with parameters u, = u,, = 10
and g, =g, =5.
Problem 13 SANTOS et al. [18]: Limit state function

glx) =x7 + 3 — 18, the variables have a normal
probability distribution, with mean values , = 10 and

ty, = 9.9, and standard deviations g, = g,, = 5.
Problem 14 - Choi et al. [19]: Limit state function

glx) =x% + 2x3 — 20, the variables have a normal

probability distribution, with parameters u, = u, = 10

and g, =g, =5.

Problem 15 - GHALEHNOVI et al. [16]: Limit state
function g(x) = ixﬁ + 2x3 + x5 + 3, the variables have
a normal probability distribution, with parameters
Uy = My, = Uy, =0 and Oy, =0y, =

gy, = L.

1 3

Problem 16 - [KRESHTEGAR e MENG, 2017]: Limit
state function

glx) =0.03 - (“E:fg]-(g'mfaffr) +(1'13|{(‘,.‘]3E3),

the random variables, g.l. A, and A, have normal
probability distribution with parameters u. = 20000,
o, = 1400, u; =12, @ =012, p, =982x107%
gy, =5.9852x 107%, u, =004, g, =0.0048, E

follows lognormal  distribution  with  parameters,
ug, = L0 x10%, gz =6.0x10° and E, has Gumbel

distribution  with parameters, u =2.0x10*° and
gz, = L2x 10°. In this example, a roof truss under

uniform load is analyzed, shown in Figure 12. The upper
chords and compression bars of the truss are made of
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reinforced concrete, and the bottom chords and tension
bars are made of steel.

v

ORIy

U ogomsr U 0oor 1 o2 U 2s |

Fig. 12: Vista esquematica da trelica de telhado
(KESHTEGAR e MENG [20])

Problem 17 - [SHAYANFAR et al., 2017]: Limit state
function g(4,.4,.4;.B.P.E) =01 —-B. ul4, A4, A, P.E),
the random variables, A,.4..4; eE have normal
probability distribution with parameters u, = 1077,
Oq, = 5.0x 1074, Ya, = 1.5x 1072, Oa, = 7.5x 1075,
Ha, = 60x107% gy, =3.0x107% uz = 1.0, g5 = 0.1,
F follows lognormal distribution with parameters,
pp=25.0x10°% &,=25x10* and E has Gumbel
distribution ~ with parameters, uz = 6.9x10* and
gz = 3.45x 10%. In this problem, a 10-bar truss structure
is presented in Figure 13 with three different cross-
sectional areas A; (vertical), A- (horizontal) e A
(diagonal). The structure is subjected to two external
horizontal loads P. The failure of the structure is
considered when the horizontal displacement in the upper
right corner exceeds the allowable displacement
dp = 0.1 m. is the modulus of elasticity. The random
variable B was introduced for the model uncertainties and
L = 9.0 m is a deterministic variable. it is assumed that 4,,
A- , A, B, P, E are statistically independent random
variables.
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¥ *
e ToTe
Fig. 13: 10-bar truss structure (SHAYANFAR et al.
[12])

Problem 18 - ROUDAK et al. [21]: Limit state
function g(x) = (7/344) — 360 (Il.r'rx:xf)* the random
variables, x,, x, e x5 follow normal probability
distribution ~ with ~ parameters  u, = 10.0, 7, = 0.4,
by, = 2.0x 107, Op, = 0.5 x 107,
gy, = 0.01. In this problem, a continuous beam with three

by, =04 e

spans is studied, considering the parameters uniform load
intensity, modulus of elasticity, and section height. Figure
14 illustrates the analyzed beam.

Tm 7m 7m

Fig. 14: Three-span continuous beam (ROUDAK et al.
[21])

Table 1 shows the results of the reliability indices of
each method studied for each problem.
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Table 1 - Results of the reliability indices of the analyzed problems

Methods
Problems MCBF MCIS FOSM FORM FORM SORM
HLRF iHLRF
1 3.04 3.04 3.04 3.04 3.04 3.04
2 2.52 2.52 1.54 1.54 2.30 2.62
3 3.56 3.56 151 1.84 3.26 3.53
4 3.20 3.20 4.12 3.19 3.19 3.19
5 2.10 2.10 2.10 2.10 2.10 2.10
6 2.35 2.35 2.10 2.45 2.45 245
7 3.38 3.38 3.35 3.35 3.35 3.38
8 3.57 3.57 3.00 3.00 3.00 3.00
9 2.94 2.94 3.65 3.04 3.04 3.04
10 2.75 2.75 2.50 2.50 2.50 2.50
11 4.43 4.43 3.29 4.43 4.43 4.43
12 2.55 2.55 2.24 2.24 2.24 2.63
13 2.55 2.55 1.16 1.16 2.22 2.63
14 2.92 2.92 0.93 0.93 2.36 2.84
15 343 343 2.52 2.52 3.00 3.37
16 2.35 2.35 0.18 0.59 242 242
17 4.30 4.30 5.49 3.99 4.30 4.30
18 2.52 2.52 not not 2.52 2.52
converged | converged

According to Table 1, problems 1 and 5 tend to
converge to the same point, represented by the reliability
index. As problems 1 and 5 are characterized by a linear
limit state function and normal probability distribution, the
application of the methods results in the exact solution of
the problems.

From the results obtained in problems 2, 3, 13, 14, and
15, it can be stated that the FOSM and FORM HLRF
methods do not converge to stable solutions for highly
nonlinear limit state functions, with a significant difference
to the reference (MCBF). In these cases, the FORM
iHLRF improves the result by decreasing the difference to
the reliability index reference but still cannot converge to
the results of the MCBF, MCIS, and SORM methods. The
high nonlinearity of the functions is the reason for this
difference between the methods.

In problem 4, the MCBF method was used with a
sample of 10° elements and a computational time of 16
min 35 s and MCIS with 10* simulations with a time of 9
s, and the FOSM, FORM HLRF, FORM iHLRF, and

www.ijaers.com

SORM methods with a time smaller than 1 s the reliability
indices of Table 1 were determined. The result of the
FOSM method is different from the other methods as it
does not take into account mixed distributions. The MCIS
showed a better performance for this problem, both in
computational time and the number of simulations. The
Monte Carlo, FORM, and SORM simulation methods
obtained results very close to the reference, with a
difference of less than 1%. Thus, it can be said that the
methods MCBF, MCIS, FORM HLRF, FORM iHLRF,
and SORM adequately represented the values found by the
authors since the results were very close.

In problems 6 and 11, only the FOSM method did not
converge to the result of the other methods because the
distributions are mixed. Given the weak nonlinearity of the
limit state function, the FORM HLRF and FORM iHLRF
methods present identical behavior to the MCBF, MCIS,
and SORM methods.

Regarding the results of problem 7, there is a
difference in the values of the reliability index of the
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FOSM, FORM HLRF, and FORM iHLRF methods;
however, the differences found are approximately 1%
compared to the other methods. This difference presents a
relatively small divergence. Thus, it can be affirmed that
this function is weakly nonlinear and that the analyzed
methods effectively determine the reliability index of this
function.

In problems 8 and 10, the MCBF was used with a
sample with 10% elements and MCIS with 10* elements.
Despite presenting the same results, the transformation
methods converge to a result far from the reference
(MCBF). In these problems, the second-order curvatures
are zero. A surface of zero curvature is a plane, so FORM
and SORM got the same results.

It can be noted that the results obtained in problem 9
produced very similar results, except for the FOSM
method. Only the FOSM method did not converge to the
result of the other transformation methods because it does
not converge correctly for non-normal distributions and
still obtained a B greater than the other methods. This lack
of convergence is because this function is weakly
nonlinear, and if the other methods had a normal
probability distribution, they would converge to the same
result.

In problem 12, the difference between the reliability
indices of the Monte Carlo methods compared to the
FOSM, FORM HLRF, and FORM HLRF is 12%. The
MCIS once again proved to be more efficient in the
number of simulations (10* elements) than the MCBF

(10% elements).

5.6
5.2
438
4.4

RELIABILITY INDEX
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'
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The MCBF method was used with a sample with 107
elements, MCIS with 10* elements. The analysis of
problems 16 and 18 was performed considering the MCBF
method as a reference. SORM and FORM iHLRF
approximate MCBF and MCIS. There are very marked
differences between the results of the FOSM and FORM
HLRF methods with 92% and 78%, respectively, in
problem 16 to the MCBF reliability index. In problem 18,
the FOSM and FORM HLRF methods failed to converge
to the result. The high nonlinearity is the reason for this
difference.

The truss presented in problem 17 is a well-known
benchmark example studied by some researchers. And
using the MCBF method with a sample with elements, it
obtained a computational time of 11h 45min 22 s, MCIS
with 9x107 simulations with a time of 15 s, and the FOSM,
FORM HLRF, FORM iHLRF, and SORM methods with a
time of less than 5 s. The analysis of the results was
performed considering the MCBF method as a reference.
The MCIS method showed once again that it improves the
performance and efficiency of the MCBF regarding the
number of simulations and computational time. As
expected, FOSM did not converge to the benchmark result.
And the FORM HLRF walked 7% away from the target
reliability index.

Figure 15 compares the reliability index of the 18
problems analyzed.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

PROBLEMS

FORM HLRF ®FORM iHLRF ®SORM

Fig. 15: Comparison of the reliability index of the analyzed examples.
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It is observed in Figure 15 that the SORM method
proved to be adequate for the probabilistic analysis and
returned values equal to or very close to the MCBF and
MCIS methods in the analyzed problems. SORM is
calculated by obtaining the reliability index of the FORM
method. In this way, SORM becomes more advantageous
because it improves the FORM result by including
additional information about the curvature of the limit
state. In the case of problems 8 and 10, the curvatures in
the failure region are null despite the function being
nonlinear.

Also, according to Figure 15, it is observed that the
MCBF and MCIS methods successfully solved 100% of
the examples, SORM solved 89%, FOSM, FORM HLRF,
and FORM iHLRF solved 11%, 44%, and 56%,
respectively. So, of the transformation methods, SORM
successfully solved more examples than the FOSM and
FORM methods.

Regarding the performance of the FOSM and FORM
methods, the number of iterations is considered a criterion.
FOSM and FORM HLRF reached the maximum number
of iterations (k = 100) in solving problems 11, 13, 14, 15,
and 16, and FORM iHLRF reached 56 as the maximum
number of iterations in problem 14. Therefore, there is a
significant difference based on this performance criterion
of the FORM iHLRF against the FORM HLRF.

IV. CONCLUSION

This work presented a comparative study of structural
reliability methods (MCBF, MCIS, FOSM, FORM HLRF,
FORM iHLRF, and SORM), taking into account the
results of the reliability index. The performance of the
methods implemented in the Python language was verified
through eighteen linear, nonlinear and implicit limit state
function problems.

The MCBF and MCIS simulation methods worked well
for all analyzed examples. The MCIS method presented
the same precision as the MCBF but with greater
efficiency, converging faster by using a smaller number of
simulations and with a much lower computational cost in
analyzing the implicit limit state functions.

It was observed that the use of the FOSM method is
quite limited, as it presents results far from the references.
Thus, it can be said that the technique is not suitable for
most of the analyzed examples, as it only uses moments of
first and second order, not taking into account the form of
the probability distribution. If the basic random variables
are not normal and the limit state function is linear, the
imprecision level grows.
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The FORM HLRF and FORM iHLRF methods did not
obtain good results for the highly nonlinear functions
analyzed. Although these methods transform distributions
that are not normally distributed into equivalent normals,
they work with a linearization of the failure surface. If the
function is highly nonlinear around the point of failure, the
results of this method are not as good as the MCBF and
MCIS methods. The FORM iHLRF is closer to the
reference values for the analyzed functions. Therefore, the
iHLRF algorithm improves the HLRF through a linear
search for the design point.

The SORM presented the same or very close results
concerning the reference (MCBF). The application of this
method proved to be efficient in sixteen of the eighteen
problems analyzed and carried out the analysis of second-
order structural reliability for the functions effectively,
optimizing in a relevant way the results obtained by the
FORM iHLRF method. SORM is more beneficial because
it improves the FORM result by including additional
information about the limit state curvature at the design
point. In problems 8 and 10, the second-order curvatures
are zero. A surface of zero curvature is a plane; FORM and
SORM gave the same results.

ACKNOWLEDGEMENTS

The authors would like to thank the Coordination for
the Improvement of Higher Education Personnel (Capes)
and the National Council for Scientific and Technological
Development (CNPq) for the financial support in
developing this study.

REFERENCES

[1] HALDAR, A.; MAHADEVAN, S. 2000. Reliability
assessment using stochastic finite element analysis. John
Wiley & Sons.

[2] REAL, M. V.; 2000. CAMPOS FILHO, A.; MAESTRINI,
S. R. 2003. Response variability in reinforced concrete
structures with uncertain geometrical and material
properties. Nuclear Engineering and Design, v. 206, p. 205-
220.
https://doi.org/10.1016/S0029-5493(03)00110-9

[3] ALBUQUERQUE, C. S.; REAL, M. V. (2020). Estudo
comparativo de métodos de confiabilidade estrutural
aplicados a estruturas de concreto, 62° Congresso Brasileiro
do concreto. https://doi.org/10.4322/2175-8182.62CBC005

[4] VERMA, A. K. AJIT, S.; DURGA, R. K. (2016).
Reliability and Safety Engineering. — 2. ed. — Springer-
Verlag London Ltd.

[5] BECK, A. T. 2019. Confiabilidade e Seguranca das
Estruturas — 1. ed. — Rio de Janeiro: Elsevier.

[6] SANTOS, K. R. M. dos. 2014. Técnicas de amostragem
inteligente em simulagdo de Monte Carlo. Dissertacdo de

Page | 81


http://www.ijaers.com/
https://doi.org/10.1016/S0029-5493(03)00110-9
https://doi.org/10.4322/2175-8182.62CBC005

Albuquerque et al.

Mestrado - Universidade de S8o Paulo - Escola de
Engenharia Sdo Carlos, Séo Paulo.

[71 ALBUQUERQUE, C. S. 2021. Estudo comparativo de
métodos computacionais de avaliagdo de confiabilidade
estrutural. Dissertacdo de Mestrado - Universidade Federal
do Rio Grande, Rio Grande -RS.

[8] MELCHERS, R. E; BECK, A. T. 2018. Structural
Reliability Analysis and Prediction. John Wiley & Sons.

[9] JOINT COMMITTEE ON STRUCTURAL SAFETY,
JCSS: Probabilistic Model Code, 2001.

[10] SUDRET, B.; DER KIUREGHIAN A. 2000. Stochastic
Finite Element Methods and Reliability: A state-of-the-art
Report. Research report No. UCB/SEMM-2000/08, Dep. of
Civil & Env. Eng., University of California, Berkeley.

[11] CORDEIRO, A. L. R. 2009. Aplicacéo dos métodos FORM
e SORM para avaliagdo de dutos corroidos. Dissertacdode
Mestrado, Pontificia Universidade Catélica do Parana,
Curitiba.

[12] SHAYANFAR, M. A,; BARKHORDARI, M. A;
ROUDAK, M. A. 2017. An efficient reliability algorithm
for locating design point using the combination of
importance sampling concepts and response surface,
Communications in Nonlinear Science and Numerical
Simulation. (47) 223-237.
https://doi.org/10.1016/j.cnsns.2016.11.021

[13] KESHTEGAR, B.; CHAKRABORTY, S. 2018. A hybrid
self-adaptive conjugate brst order reliability method for
robust structural reliability analysis. Applied Mathematical
Modelling, 53: 319-333.
https://doi.org/10.1016/j.apm.2017.09.017

[14] LI, Y.; D. Zhang, D. 2013. Plane Truss Reliability
Numerical Simulation Based on MATLAB. Applied
Mechanics and Materials, Vols. 256-259, p. 1091-1096.
https://doi.org/10.4028/www.scientific.net/ AMM.256-
259.1091

[15] ANG, A. H-S.; TANG, W. H. 2007. Probability Concepts
in Engineering: Emphasis on Applications to Civil and
Environmental Engineering. — 2. ed. — John Wiley & Sons.

[16] GHALEHNOVI, M.; RASHKI, M.; AMERYAN, A. 2020.
First order control variates algorithm for reliability analysis
of engineering structures. Applied Mathematical Modelling,
v. 77, p. 829-847.
https://doi.org/10.1016/j.apm.2019.07.049

[17] GROOTEMAN, F. 2008. Adaptive radial-based importance
sampling method for structural reliability. Structural Safety,
30, 533-542.
https://doi.org/10.1016/j.strusafe.2007.10.002

[18] SANTOS, S. R.; MATIOLI, L. C.; BECK, A. T. 2012. New
optimization algorithms for structural reliability analysis.
Computer Modeling in Engineering and Science, v. 83, p.
23-56. https://doi:10.3970/cmes.2012.083.023

[19] CHOI, S. K.; GRANDHI, R. V.; CANFIELD, R. A. 2007.
Reliability-based  Structural — Design.  Springer-Verlag
London Limited.

[20] KESHTEGAR, B.; MENG, Z. 2017. A hybrid relaxed first-
order reliability method for efficient structural reliability
analysis, Structural Safety. 66, 84-93.
https://doi.org/10.1016/j.strusafe.2017.02.005

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

[21] ROUDAK, M.; SHAYANFAR, M.; BARKHORDARI, M.;
KARAMLOO, M. 2017. A robust approximation method
for nonlinear cases of structural reliability analysis,
International Journal of Mechanical Sciences. 133, 11-20.
https://doi.org/10.1016/j.ijmecsci.2017.08.038

Page | 82


http://www.ijaers.com/
https://doi.org/10.1016/j.cnsns.2016.11.021
https://doi.org/10.1016/j.apm.2017.09.017
https://doi.org/10.4028/www.scientific.net/AMM.256-259.1091
https://doi.org/10.4028/www.scientific.net/AMM.256-259.1091
https://doi.org/10.1016/j.apm.2019.07.049
https://doi.org/10.1016/j.strusafe.2007.10.002
https://doi:10.3970/cmes.2012.083.023
https://doi.org/10.1016/j.strusafe.2017.02.005
https://doi.org/10.1016/j.ijmecsci.2017.08.038

International Journal of Advanced
Engineering Research and Science

International Journal of Advanced Engineering Research
p and Science (IJAERS)

Peer-Reviewed Journal

ISSN: 2349-6495(P) | 2456-1908(0)

Vol-9, Issue-5; May, 2022

Journal Home Page Available: https://ijaers.com/
Article DOI: https://dx.doi.org/10.22161/ijaers.95.7

A new approach for compounding system integration risks
with system maturity: A supporting methodology in the
selection of candidate architectures for a system

Hadler Egydio da Silval, Leonel Fernando Perondi?

ISEGPR Department, National Institute for Space Research (INPE), Sdo José dos Campos - Sdo Paulo / Brazil

Email: hadler.silva@inpe.br

2National Institute for Space Research (INPE), Séo José dos Campos - S&o Paulo / Brazil

Email:leonel.perondi@inpe.br

Received: 12 Apr 2022,

Received in revised form: 26 Apr 2022,
Accepted: 02 May 2022,

Available online: 14 May 2022

©2022 The Author(s). Published by Al
Publication. This is an open access article
under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

Risk

Keywords— Architecture Selection,
Assessment, SRL, RWIRL, RWSRL.

Abstract—Integrating a space system is an iterative process aimed at
assembling the system according to user requirements and demonstrating
through tests that the system is apt to operate in the target environment.
The integration effort varies from system to system, and there is no
standard methodology for its accomplishment. Researchers have proposed
different approaches and metrics to estimate the effort associated with
integrating a system. Sauser introduced the concept of an integration
readiness level metric (IRL) for a system as a maturity assessment of the
integration effort. This methodology parallels the technology readiness
level (TRL) introduced by NASA in the 80s to assess the maturity of new
technologies in a space system. The authors propose a methodology for
the risk assessment of a system’s internal interfaces that translates and
quantifies the perception of work teams about the challenges involved in
the integration of a system. It consists of a structured survey of specialized
opinion among project technical personnel to capture relevant technical
and programmatic risks related to integrating system elements. The
framework is designed to support the processes associated with choosing
a system architecture. Although proposed for application in the early
phases of the life cycle of a space system project, there are no restrictions
on its application to different projects and life cycle stages. Applications
include ranking systems components and interfaces according to
readiness level and integration risks, supporting risk management in
conventional risk management processes and supporting risk-informed
decision-making processes to select system architectures.

l. INTRODUCTION
1.1 Context

Assessing the maturation of both new technologies and
their interfaces in a system is critical to the success of
The attendance of

advanced development projects.

www.ijaers.com

performance, schedule and budget requirements are central
to project execution.

Between phases 0 and B of the life cycle of a space
project, the project team carries out the following tasks:
definition of mission requirements, identification of
architecture concepts, feasibility analysis, identification of
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activities and resources, evaluation of initial technical and
programmatic risk, elaboration of technical and functional
requirements, among others. During these phases, the
decisions that commit a large part of the project's resources
occur.

Early identification of the risks and uncertainties of
these decisions may avoid critical failures affecting
performance, schedule, or budget. In the initial phases,
thus, managers shall have the necessary technical support
for identifying risks and putting in place strategies for
minimizing them, mainly the risks that have the potential
for adverse developments in performance, cost, and
schedule.

A study carried out by Reeves et al. [1] with two
National Aeronautics and Space Administration (NASA)
projects has shown that among 135 identified risks, most
are internal to the project. Many of these risks are usually
related to technical activities, including system integration.
The study demonstrates the importance of decision-making
in a project, mainly in the initial phases.

Risk management methodologies may vary from one
organization to another. NASA preconizes the practice of
risk-informed decisions in all instances that affect the
security, performance, cost, and execution time of a
mission[2].

Among the decisions mentioned above, the choice of
the system architecture deserves special attention. The
option for a given architecture presents long-lasting
repercussions in a project and should be carried out within
the best available technique and information. The main
architecture challenges that have the potential to impact
performance, cost, and time must be identified and
mapped. Among them, one finds the definition and
selection of the architecture’s constituent parts and the
difficulties posed by their integration.

The integration of a space system is an iterative
process, with a significant number of concurrent tasks
carried out by a multidisciplinary team, aimed at
assembling the system according to user requirements and,
at each stage, demonstrating through tests that the system
is apt to operate in the target environment. The integration
effort may vary from system to system, and there is no
standard methodology for its accomplishment.

Researchers have proposed different frameworks and
metrics to estimate the maturity of system components and
interfaces. In general, such metrics attempt to quantify the
integration effort and the maturity of the whole set of
interfaces. In this line, Sauser et al. [3] introduced the
concept of an integration readiness level metric (IRL) for a
system. This methodology parallels the technology
readiness level (TRL) metric introduced by NASA in the
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80s[4] to assess the maturity of new technologies in a
space system.

Researchers have dedicated significant effort to
developing methodologies to identify and quantitatively
define the risks associated with the evolution of the
maturity of the elements of a system. Often, difficulties
regarding the technological advancement of system
components and interfaces and their subsequent infusion
may result in schedule delays, cost overruns, cancellations,
or failures[5].The Research and Development Degree of
Difficulty (R&D3) metric[6, 4]estimates the probability of
failure of an R&D project. Together with the TRL
assessment of the project, which in the methodology gets
related to the impact of the project’s failure, the R&D3
metric provides the necessary input elements for a
project’s risk management. The Advanced Degree of
Difficulty Assessment (AD2) framework [5] extends the
above approach. It considers the scenario of the project of
a system. It attempts to provide basic information for the
project’s Technology Development Plan and improve the
management of the projects’ cost, schedule, and risk [7].

This article explores a methodology for assessing
integration risks, which shows similarity to the AD2
framework. It ponders integration maturity indices with
risk factors, aiming at translating and quantifying the
perception of work teams about the challenges accruing the
integration work of a system.

1.2 Problem

Risk identification is commonly undertaken during the
early design phases but often fails to identify all events and
circumstances that challenge project performance. Risk
events associated with the maturation of the technologies
considered during the design of a system and those
associated with system integration may have significant
repercussions on the cost and schedule of the
corresponding project. Therefore, it is imperative to (a)
identify the maturity level of technologies and interfaces,
(b) identify the risks associated with the maturation of the
technologies and interfaces that have a maturity level
below that defined as a minimum for infusion in the
project and (c) identify the risks associated with the
integration of the system and its elements. For instance,
NASA’s projects for space systems require a minimum
TRL index of 6 for all technologies and interfaces
belonging to a system baseline architecture[8, p. 1].

In  project communications, managers should
emphasize attributions, interaction, integration, and
reliability. Otherwise, significant problems are more likely
to occur, especially those linked to interfaces [9].

The problems that this work proposes to address may
be summarized as follows:
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a) the mismatch between expectations of project
managers and work teams about the resources required to
deal with the integration of system elements;

b) lack of identification or poor understanding of the
risks related to schedule and cost that the decision-maker
is accepting when adopting a specific system architecture
solution;

c) lack or insufficiency of communication when
considering competing alternatives and their associated
risks.

1.3 Obijective

In this article, the authors propose an interface risk
assessment methodology that weighs integration maturity
indices with risk factors, with the latter conveying the
perception of work teams about the challenges and risks
involved in the integration of a system.

The methodology consists of a structured way of
capturing a broad spectrum of technical and programmatic
risks related to integrating system elements. The proposed
risk assessment methodology will, in principle, be capable
of addressing the technical and programmatic difficulties
foreseen in the integration of a system.

The generated information will aid project managers
when comparing different architectural solutions since
most of the architecture problems, potentially impacting
both cost and time, will, in principle, have been brought to
light. The information will also assist managers in design
decision-making and purchase decisions, such as selecting
sources for acquiring equipment or subsystems.

1. LITERATURE REVIEW

The TRL index measures the maturity of individual
system technologies at a given time in a project. Its
computation at different phases of a project enables an
assessment of the evolution of the work performed
throughout the project’s phases. In the development and
production of flight systems, TRL assessments are usually
carried out until the end of Phase B. Afterwards, data from
the engineering, qualification, and flight models at
different system levels typically provide enough
information for assessing the maturity evolution of
technologies [10, p. 15].

NASA adopted a seven-level Technology Readiness
Level (TRL) metric to assess the development of a
particular technology in the 1980s [11].The metric evolved
into the current nine levels metric in the 1990s. Since then,
the TRL methodology has been widely used at NASA as a
systematic metric/measurement system to assess the
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maturity of a particular technology and enable the ranking
of different technologies concerning their maturity[8].

According to the prescription by NASA [12, p. 3],
typically, new technology conception takes place from
TRL 1 to 3, and development and demonstration from
TRL 4 to 6. After reaching TRL 6, new designs would
follow the usual engineering development cycle, which
involves building and testing engineering and qualification
models. After qualification, the system reaches a readiness
level for flight with a TRL 8 level assignment. After
successful launching and in-orbit operation, the system is
finally assigned a TRL 9 level.

The measure provided by the TRL methodology may
have different applications: project internal
communication; setting of a target/success criterion;
project planning; technology selection; communication or
establishment of integration arrangements; portfolio
management; cost estimation; risk indicator; and guide or
measure for engineering development before Preliminary
Design Review (PDR)[10]. Fig. ldisplays the process
currently commended by NASA for TRL assessment at a
given project instant. Space projects typically involve a
blend of either existing, evolving, or advanced
technologies [13].

The TRL of a system technology does not measure the
difficulty of integrating this technology into an operational
system [13, 14]. TRL is a measure of the maturity of
individual technology. The maturity assessment of several
technologies integrated into a system is not given by a
trivial composition of the individual TRLs. Knowledge of
individual TRLs does not provide insight into the
components’ integration maturity or the resulting system's
overall maturity. Yet complex systems have an appreciable
chance of failing at integration points [15].

The question of computing the maturity of a system
from the maturity of its component technologies, including
system-specific  characteristics, such as integration
maturity, has received significant attention. The proposed
frameworks vary in how the TRL of system individual
technologies are compounded with measures of system-
specific  characteristics, such as integration and
manufacturing readiness, to produce a whole-system
readiness level. NASA preconizes the TRL of a system as
being determined by the lowest TRL present in the system
[12, p. 26]. The European Cooperation for Space
Standardization (ECSS) equally preconizes that ““... a TRL
can only be reached by an element if all of the sub-
elements are at least at the same level ...”[16, p. 17].
Sauser et al. [8] introduced the concept of System
Readiness Level (SRL),which gives the maturity of a
system as a composition of the maturity of the system
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components with the maturity of the interfaces between the
components. The latter is given by a matrix, termed
integration readiness level (IRL) matrix, having as its
elements the maturity assessment of each interface
between pairs of technologies. Just as the TRL is used to
assess the maturity of developing technologies, the IRL is
used to assess the maturity of integrating these
technologies. Formally, the SRL is computed as a
composition of the IRL and TRL metrics [8, 17, 18]. The
IRL scale has evolved over the last decade, with the most
recent improvements published by Austin and York [19,
20]. More specific studies aimed at understanding the SRL
dependency or sensitivity on a given component
technology, in terms of this technology’s impact on the
readiness, cost, and overall performance of the system, are
provided by Gove et al. [21].

There has been a great deal of discussion regarding a
proper definition and method of computation of the SRL
index of a system, with the publication of several different
proposals [22, 23, 24, 25, 26, 27]. In particular, Ross [27]
has proposed a framework that differentiates between the
technology readiness level of an isolated technology and
its maturation status concerning insertion in a given
system. The readiness level of a given technology is taken
as dependent on the target system's maturity characteristics
considered for its insertion, such as its integration
maturity. In this framework, the TRL of each component
technology is multiplied by indices, with values between
zero and one, measuring component promptness for
integration and manufacturing. The whole-system maturity
readiness level is then taken as the average of the
computed maturity levels of the system components.

The TRL assessment at different project milestones
gives an overview of technology maturity progression
towards a planned application. However, the knowledge of
TRL values at varying instants of the life cycle does not
provide enough information for assessing technology
development risks [10, p. 40].Differences in TRL indices
do not measure either the effort or the risk involved in
moving from one TRL level to the next in an R&D
development [4, 10, p. 40]. Hence, other metrics have been
proposed to assess technology risks and effort for
progression in a project.

Mankins [6, 4] has proposed the Research and
Development Degree of Difficulty (R&D3) metric, which
gives a qualitative estimate of the probability of failure for
an R&D project with an assignment scheme containing
five difficulty levels. The approach proposed by Mankins,
termed Technology Readiness and Risk Assessment
(TRRA), combines the R&D3 probability with a
qualitative estimate of the impact of project failure (F).
Using the pair (R&D3, F), a diagram like the probability x
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impact matrix in risk management is constructed. Risk
classification for technology maturation is then
implemented, as illustrated in Fig. 2. The impact of project
failure is taken as proportional to the difference between
the current and target TLR, multiplied by a factor referred
to as Technology Need Value (TNV), which gives a
measure of the expected impact of a failure in making the
considered technology available for future programs. The
TRRA framework considers the scenario of a technology
project inside an R&D program. The framework must be
adapted in several ways when considering the scenario of
the project of a system that involves innovative
technologies, such as developing and manufacturing a
satellite. There is, for instance, the parallel development of
different technologies to be integrated into the system,
changing TNV assessment definitions.

The Advanced Degree of Difficulty Assessment (AD2)
methodology by Bilbro [5] expands theR&D3 scheme by
combining the information from several maturity level
metrics, such as Integration Readiness Levels, System
Readiness Levels, Manufacturing Readiness Levels, and
others. In the AD2 methodology, the number of difficulty
levels is increased from five to nine, in line with the
current TRL scale.

Identify systems, sub-
systems, and components |
per hierarchical product
breakdown of the WBS

Assign TRL to subsystems
based on lowest TRL of
components and TRL

state of integration

!

Identify all components, Assign TRL to systems

Baseline technology < subsystems, and systems ¢ based on lowest TRL of
maturity assessment that are at lower TRLs subsystems and TRL
than required by program state of integration

'

Perform AD? on all
components, subsystems,
and systems that are below

requisite maturity level

v

Technology Development Plan
Cost Plan
Schedule Plan
Risk Assessment

Assign TRL to all
—» components basedon
assessment of maturity

Fig. 1: Recommended NASA technology assessment
process [28]

The AD2 framework considers the scenario of
developing a system with a broad range of possibilities
regarding the component technologies, from new
developments to the partial or total reuse of heritage
technologies.
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Fig. 2: Mankins [4]. A typical result of the Technology
Readiness and Risk Assessment (TRRA) methodology.
Each technology is characterized by a point in the
diagram. Regions with different colors provide the risk
classification for each technology

The system architecture defines the system's physical
building blocks in terms of functions and interfaces. The
project team chooses the system architecture by the end of
Phase A and the beginning of Phase B. Usually, there are
two or more paradigmatic proposals. For each proposal,
several possible variants spring up from the possibilities
opened by, for instance, alternative technologies, make or
buy tradeoffs, reuse of equipment or subsystems,
alternative subsystem or equipment providers, and so
forth. Careful system decomposition and decision-making
processes are normal activities at this stage, which
precedes the system requirements review (SRR) when
subsystems’ preliminary design receives full attention.
After the SRR, decomposition and decision-making
processes are still regular activities, but now at the
subsystem level.

To support decision-making processes and control and
monitor the project’s progress during these phases,
engineering managers usually make use of different
metrics, which may be used as input both for RIDM
processes and the evaluation of the preliminary and critical
design efforts. The metric of Technology Readiness Level
has been successfully applied within this context in
different organizations, mainly to assess the maturity of
technologies envisaged for incorporation into a system or
subsystem[29, p. 281]. The TRL index gives the readiness
or maturity of a single equipment/technology at a given
time instant. The index results from an assignment by
qualified personnel using a standard TRL scale.

RIDM processes are carried out whenever decisions
involve high stakes, complexity, uncertainty, multiple
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attributes, or diversity of stakeholders [30]. They are
conducted with the intervenience of subject experts,
technical authorities, stakeholders, and the decision-maker
[30].

Risk management methodology may vary from one
organization to another. At NASA, risk management is an
integral part of the Systems Engineering process[28]. It
emphasizes the use of risk analysis in a broad sense,
promoting the practice of risk-informed decisions in all
instances that affect the security, performance, cost, and
execution time of the mission.

The NASA Risk Management Process (RM) integrates
two complementary processes in a single framework: Risk-
Informed Decision Making and Continuous Risk
Management (CRM). The RIDM process addresses the
selection of a given alternative among a set of options
based on the qualitative and quantitative (probability)
assessment of each choice by a qualified panel to ensure
the selection process achieves performance objectives. The
RIDM process is applicable throughout the project life
cycle whenever critical tradeoff decisions, such as
architecture and design decisions, make-buy decisions,
source selection in significant procurements, and budget
reallocation, are demanded [30, p. 13]. The CRM process
deals with the selected alternatives' risk management,
planning actions to mitigate and control the associated
risks, and avoiding performance shortfalls[30, p. 14].

Table. 1 gives a brief description of different studies
and corresponding references concerning the concepts of
TRL, SRL, and risk associated with technology maturation
in a project/program.

Table. 1: Assessment techniques

Study Description

TRL This quantitative model does not communicate

Schedule the matur?ty of technology at a certain poi_nt in

Risk time but instead leverages the TRLs metric to
is

identify the appropriate schedule margins
Curve associated with each TRL level to mitigate
schedule slips [31].

SRL Max The SRL Max is a quantitative mathematical
model aiming to maximize the SRL under
constraint resources. The SRL MAX’s objective
is to achieve the highest possible SRL based on
the availability of resources such as cost and
schedule [32].

Advanced Leveraging the concept of RD3, the AD2

Degree augments TRLs by assessing the difficulty of

of Difficulty advanc_ing technology fr_om its current level to

(AD2) the desired level on a 9-tier scale [33].
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Research The RD3 is a 5-level scale intended to
And supplement the TRL by conveying the degree of
difficulty in proceeding from the current TRL

Development . oo -
state to the desired level, with five being very

Degree of L ' elr

Difficulty difficult and one being the least difficult to
mature the technology [6].

(RD3)

Technology “TRRA is a quantitative risk model that

Readiness incorporates TRLs, the degree of difficulty
and Risk (RD3) of moving a technology from one TRL to
Assessment(T another, and Technology Need Value (TNV).

RRA) The TRRA expands the concept of the risk
matrix by integrating” the “probability of
failure” on the y-axis and the "consequence of
failure” on the x-axis[34].

1. METHODOLOGY
3.1 Description of the proposed framework

We consider the situation of the project of a space
system that incorporates new technologies during the end
of Phase A and the beginning of Phase B, when decisions
with long-lasting impact are to be taken, such as the
definition of the system's architecture. The availability of
TRL values at different instants of the project's life cycle
does not provide information on the risks associated with
technology maturation. It should be supplemented with
risk assessments, making use, for instance, of such
schemes as the AD2 framework.

The expression "architecture solution™ in this article is
defined as the set of specific elements (products Part
Numbers) that make up the physical architecture. To
compare different architecture solutions, we consider that
an assessment of integration risks shall complement the
TRL data of system components and the IRL data of
interfaces; additionally, an evaluation of the technology
maturation risks pointed out above should be available.
Typically, these data are fed into RIDM processes that
substantiate decision-making activities.

Analyses of the work of integrating each interface,
considering all candidate equipment, shall focus, for each
alternative, on the following points: the type of the
integration, i.e., electrical, mechanical, thermal, signal,
etc.; the risk of delays in the program; the risk of an
increase of the initially estimated cost for the realization of
the system; the identification of difficulties and challenges
associated with each alternative.

This routine must be applied to the complete system,
considering all supply options. In this way, a system
integration risk assessment is produced for each
architecture solution, giving visibility to the system
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compositions with the most significant potential for
adverse developments regarding the performance of the
work of integration, schedule, and cost.

The information gathered will typically make part of
the input data package for the tradeoff study to select the
most balanced system architecture, possibly within the
scope of a RIDM process. Once a choice has been made
among the options, the identified risks must be addressed
and mitigated, typically in a projects CRM risk
management process.

The integration risk assessment shall be carried out for
all interfaces of each architecture configuration by
specialists involved in the project and performed
separately.

The assessment is carried out for a specially selected
set of integration risks, chosen according to the experience
of one of the authors (HES)in space projects and through
interviews with systems engineering teams, specialist
engineers, project managers, and Assembly, Integration,
and Testing (AIT) teams of the Brazilian space program.
They constitute a set of risks that cover most of the causes
for cost and schedule increases in space systems
development.

Table. 2 lists the selected risks in the format used in the
assessment. The questions were designed in the form of an
ordinal unipolar survey [35]. Each general risk event is
unfolded into three excluding possibilities, with the
leftmost possibility being taken as the zero point option.
The general and unfolded risk options were carefully
chosen to explore project integration risks localized in the
relevant severity region highlighted in Fig. 3. The three
possibilities are associated with different impacts of the
corresponding general risk. Selection of the first option,
referred to as Negligible (N), indicates that the assessor
considers that the event associated with the stated general
risk has a low likelihood or no chance of occurring.
Selection of one of the other two possibilities, referred to
as Low (L) and Moderate to High (M/H), indicates that the
evaluator considers the risk relevant, with severity in the
range from low to medium (option 2) or from high to
extremal (option 3). The assignment of option 1 to a given
risk indicates that the evaluator assesses its likelihood at
less than 30%. Table. 3 shows the assumed likelihood
levels[7].
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Table. 2: Classification criteria of the expected difficulty in integration
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Risk Statement

N - Negligible

Unfolded Risk Options
L - Low

M/H - Moderate to high

Given that the personnel belonging to the
following teams: a) system, (b)
manufacturing, and (c) integration might

The technological solutions
to be employed in the
interface integration are

The technological
integration solutions are
not thoroughly

The technological
integration solutions are
not thoroughly

recurrence.

~ | not entirely dominate the technological thoroughly dominated by dominated by the dominated by the

§ solutions to be employed in the interface the personnel belonging to personnel of one of the personnel of at least two
2 | integration, there might be unanticipated the following teams: a) following teams: a) of the following teams: a)
é technical difficulties, adversely impacting | system, (b) manufacturing, system, (b) system, (b)

the integration work, therefore leading to | and (c) integration team. manufacturing, and (c) manufacturing, and (c)

interface nonconformities and schedule integration team. integration team.

and cost overruns.

Given the limited state of knowledge There are no envisaged There are anticipated There are anticipated

about the use of ground support challenges regarding ground | entry-level challenges moderate to high-level

equipment and tooling in the interface support equipment and regarding ground challenges regarding
«~ | integration effort, there is the possibility tooling in the integration support equipment and ground support
w | of unanticipated technical difficulties, effort. tools in the integration equipment and tools in
O | adversely impacting the interface effort. the integration effort.
integration work, therefore leading to

interface nonconformities and schedule

and cost overruns.

Given that the integration effort might Any necessary physical Any necessary physical | Any necessary physical

require physical and/or logical (electrical, mechanical, etc.) | (electrical, mechanical, | (electrical, mechanical,
g adaptations and that the teams involved or logical adaptations etc.) or logical etc.) or logical
£ | might not entirely dominate the involve technological adaptations will likely adaptations will highly
S | technology for the necessary adaptions, solutions available and involve technological likely involve
o3 | there might be unanticipated technical thoroughly mastered by the | solutions not entirely technological solutions
& | difficulties and additional training, teams involved in the effort | available or thoroughly | not either available or
g adversely impacting the interface to integrate the studied pair. | mastered by the teams dominated by the teams
§ | integration work, therefore leading to involved in the effort to | involved in the effort to
< | interface nonconformities and schedule integrate the studied integrate the studied pair.

and cost overruns. pair.

Given that the workload for the The workload foreseen by The workload foreseen The workload foreseen
< | mechanical/electrical/logical integration the teams involved in the by the teams involved by the teams involved in
o | of the interface elements might not be mechanical/electrical/logic in the the
E accurately predicted, there might be integration of the interface mechanical/electrical/lo | mechanical/electrical/logi
< | unanticipated delays, adversely impacting | elements is considered very | gic integration of the ¢ integration of the
% | the allocation of personnel to the low. interface elements is interface elements is
F | integration work, therefore leading to considered low. considered moderate or

schedule overruns. high.

Given the possibility of limited From the perspective of the | From the point of view From the point of view of

knowledge by the personnel from the evaluator’s team, the scope | of the evaluator's team, | the evaluator's team, the

evaluator's team about training necessities | of the integration work is the scope of the scope of the integration
‘2| in the face of the scope of the integration | well known, and it is highly | integration work is work is not thoroughly
£ | work, there might be unanticipated unlikely that additional reasonably known, and known, and additional
;‘_;_E training necessities, adversely impacting training of the personnel additional, low- training of moderate to

the allocation of personnel to the will be necessary. complexity training for | high complexity for the

integration work, therefore leading to the teams involved will | teams involved will be

schedule and cost overruns. be required. required.

The history of The history of The history of

The history of non-conformities and nonconformities and nonconformities and nonconformities and
i recurrences associated with the recurrences does not recurrence suggests the | recurrence strongly
g technological solution for the integration | suggest difficulties in the possibility of suggests the possibility
£ | of the studied pair might indicate the integration work associated | difficulties in the of difficulties in the
€ | possibility of difficulties in the interface with the interface. integration work integration work
8 integration work that will lead to time and associated with the associated with the
S | costoverruns depending on its level of interface. interface.
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Interface

Reauirements 7

Given the limited knowledge about the
completeness of the technical
requirements set, there is the possibility
of the need for additional physical and
logical requirements, negatively
impacting the integration work, leading to
time and cost overruns.

The requirement analyses
indicate that it is highly
unlikely that additional
physical (mechanical,
electrical, etc.) or logical
requirements will be needed
during the integration work.

The requirements

analyses indicate a low

probability that

additional physical
(mechanical, electrical,

etc.) or logical

requirements will be

needed during the
integration work.

The requirements
analysis indicates a
moderate to high
probability that
additional physical
(mechanical, electrical,
etc.) or logical
requirements will be
needed during the
integration work.

Verification Approach 8

Given the current state of knowledge
about the scope of the necessary
verification work, there might be
unanticipated additional analyses and
tests associated with the verification
effort, adversely impacting the integration
work, therefore leading to schedule and
cost overruns.

Considering that the scope
of the verification work is
well-known, it is highly
unlikely that additional
analyses and tests
associated with the
verification effort will be
necessary.

Considering that the
scope of the verification
work is reasonably
known, there is a low

probability that

additional analyses and
tests associated with the
verification effort will

be necessary.

Considering that the
scope of the verification
work is poorly known,
there is a moderate to
high probability that
additional analyses and
tests associated with the
verification effort will be
necessary.

Complexity 9

Given the current state of knowledge
about the complexity of the adopted
integration technology, there might be an
unanticipated increase in the workload
and training necessities, adversely
impacting the allocation of personnel to
the integration work, therefore leading to
technical nonconformities and schedule
cost overruns.

Considering that the
adopted integration
technology shows very low
complexity, it is highly
unlikely that there will be
an unanticipated increase in
the workload and training
necessities.

Considering that the
adopted integration

technology shows

low

complexity, it is likely
that there will be an
unanticipated increase
in the workload and
training necessities.

Considering that the
adopted integration
technology shows
moderate to high
complexity, it is highly
likely that there will be
an unanticipated increase
in the workload and
training necessities.

For example, Table. 4 shows the unfolding of the first
general risk listed in the first column in Table. 2 into three
event possibilities with different impacts. The leftmost
option corresponds to the assessment that the risk has a
low likelihood or is not applicable. The other options
correspond, by design, to the judgment that the risk is
relevant, from likely to near certainty chance and severity

in the range highlighted in Fig. 3.
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1 2 3 4 5
Minimal Minor Moderate | Significant| Severe
1 - Not likely 1 2 3] 4 5)
2 - Low likelihood 2 4 6 8 10
3- Likely 3 & 6 T kv “15
4 - Highly likely 4 8 12
5 -Near Certainty 5 10 5
- - EXtrema
Minimal Low Medium High |
Risk Rating 1-2 3-9 | 10-15 | 16-20 | 25

Fig. 3: Risk classification used in the proposed framework.
The highlighted region of the diagram shows the severity
(probability x impact) region of the considered risks in the
proposed framework

Table. 3: Likelihood levels

Level Likelihood Probability of Occurrence
1 Not likely ~10%
2 Low likelihood ~30%
3 Likely ~50 %
4 Highly likely ~70 %
5 Near Certainty ~90 %
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An example of a typical evaluation form is given in
Table 5. The line Frequency gives the proportion of each
option N, L, and M/H in the form. The line Weighting
factors list the weight values for each option; they shall be
conveniently defined for the computation of a weighted
average, which will be taken as a measure of the riskiness
of the integration work associated with the concerned
interface, as will be discussed ahead.

From the filled forms, important information, which
expresses the specialized opinion of the project team
responsible for most of the integration work’s scope, may
be extracted from simple statistics. For each selected risk
m and interface ¢, by computing overall numbers from all
forms |, one obtains the fraction of options 0 as given by:

Vo= Ty 12 @

Ng &l=1 maql»
o €{N,L,M/H},
m e{1,2,...,9},
g=interface identificator,
where Y7, is equal to 1 if the evaluator has chosen option
0, in the form I, for the risk m; otherwise Y ;is equal to 0;
N, is the number of filled forms for the interface qg.

Table. 4: Possible impacts which may emerge from the
first risk listed in Table. 2

RISK STATEMENT: Given that the personnel belonging to
the following teams: a) system, (b) manufacturing, and (c)
integration may not fully dominate the technological solutions to
be employed in the interface integration, there is the possibility
of unanticipated technical difficulties, adversely impacting the
integration work, therefore leading to interface nonconformities
and schedule and cost overruns.

Impact
2-3 4-5
Negligible or not ] o
applicable (Minor to (Significant to
Moderate) Severe)

The technological
solutions to be
employed in the
interface

integration are
thoroughly

dominated by all
the following
teams: a) system,
(b) manufacturing,
and (c) integration.

The technological
solutions to be
employed in the
interface
integration are not
thoroughly
dominated by one
of the following
teams: a) system,
(b) manufacturing,
and (c) integration.

The technological
solutions to be
employed in the
interface
integration are not
thoroughly
dominated by two
or more of the
following teams: a)
system, (b)
manufacturing, and
(c) integration.
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Table. 5: Example of an integration risk evaluation form.
The numbered lines are in correspondence with lines in
Table. 2. The meaning of the acronyms is as follows: N for
Negligible, L for Low, and M/H for Moderate to High

Case study identification:
Evaluater identification:
Identification of the interface/integration:
Equip. A: Equip. B:
Criteria N L M/H
1 - Know-how X
2 -GSE X
3 - Adaptation & Mastery K
4 - Workload X
5 -Training X
6 - Nenconformance X
7 - Interface Requirements X
8 - Verification Approach X
3 - Complexity K
Frequency (%) (100 x) 3/9 4/9 2/9
Weighting factors W, W, W,y
Criterion's weight 3N, /9| 4w /9 2 /9
The expression:
— N L M/H
Imq - WNqu + WLqu + WM/Hqu ’ (2)

gives an index, with values between Wy and Wwm,
expressing the severity of each considered risk.
Forl,,,nearWy, the risk is considered negligible or non-
existent, while for I,,,nearW,,,,, the risk is considered
severe. By using these indices, it is possible to rank, for
each interface g, the risks m according to their relevance.
In this way, from the assessments carried out by each
specialist, one obtains the set of risks that the specialized
project team considers most critical in the project’s system
integration effort. The collection of integration risks
ranked according to the index I, provides an easy and
convenient way of communicating integration risks across
the whole project hierarchy.

It would also be desirable to consolidate the
information through a representative index for each
configuration. This possibility would enable a ranking of
the solutions and facilitate communication in selecting a
system architecture. Some of the options are discussed
below.

Typically, the project team will have at its disposal, for
each possible architecture, the information condensed in
Table. 6.
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Table. 6: Available information for each system
configuration

Equipment Interfaces Maturation Integration
Risks Risks

TRL for IRL for Risks related to | Most relevant

each piece | each the maturation integration

of interface, of the risks, for each

equipment. | considering | technologies of | interface,

the different | components and | considering

integration interfaces; the different
types (E, M, | usually integration
T, D/C). identified and types (E, M,

characterized by | T, D/C).

an AD2

analysis.

As reviewed in Section IlI, the concept of a system
readiness level, SRL, formed from the TRL and IRL
values of system components and interfaces, is usually
taken as a measure of the readiness level of the whole
system. There are different proposed methods for the
computation of the SRL index. This measure should be
supplemented by a risk analysis, which is usually
undertaken under the AD2 methodology preconized by
NASA. The AD2 method has been designed to identify
and characterize the risks associated with upgrading a
system, subsystem, or component from a given TRL to a
higher one. The AD2 methodology focuses on the
following risk areas: design and analysis, manufacturing,
software development, testing, and operations. The
framework proposed in this work may be interpreted as
proposing that the AD2 methodology be complemented by
a risk analysis dedicated to identifying and characterizing
the risks associated with the integration of a given system
configuration, providing, in principle, an additional set of
risks that complements the set of risks provided by the
AD2 methodology.

A measure of the integration risk for each architecture
may be constructed as follows. For each interface and
integration type, a Technical Difficulty Factor (TDF) is
computed from the fractions of N, L, and M/H
assessments in the complete set of responses as:

e = () 0, ()2, o O

freg,@ = (3)> o @
m=1
TDF, = freqq(N) x Wy + freq,(L) * W, +
freqq(M/H) * Wayn
whereY,;,has been defined in (1), N, is the number of
filled forms,freq, (o) gives the fraction of options o for

®)
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the interface g considering all forms and risks, and q
designates the different interfaces, including the
multiplicities introduced by the different integration types.
The index TDF,, with values between Wy and W,
expresses the severity of each considered risk on the
integration of interface g: the larger the value of TDF;, the
larger the chance of difficulties in the integration of
interface g, according to the project team. It gives a
measure of the risk affecting the integration work
associated with interface g. The set of interfaces ranked
according to the index TDF, providesan ordered list of the
interfaces that the specialized project team considers most
critical in the project’s system integration effort. Similarly,
as the index 4 facilitates integration risk communication,
the index TDF, provides a straightforward way of
communicating to the project hierarchy which interfaces
are considered critical in the integration effort.

Averaging, now, the index TDF, over all interfaces:
1 Q
TDF = (—) TDF,, (6)
Q/ Lug=1

where Q is the number of interfaces, including the
multiplicities introduced by the different integration types,
defines an index with values between Wy and W that
gives a measure of the overall integration risk of the
configuration for which it has been computed. Hence,
ordering the studied architectures according to the
corresponding values of TDF provides a ranked list of the
architectures, from riskiest to least risky, according to the
assessment of the specialized project team. Hence, the
TDF index offers a straightforward way of communicating
to the project hierarchy which architecture is considered
most risky regarding the integration effort.

The indices I,q, TDF; and TDF provide information
regarding the risks associated with the integration effort of
each system architecture. In contrast, the indices TRL and
IRL provide information regarding the maturity of
equipment and interfaces, respectively. Next, a proposal
for the composition of these metrics is discussed.

The interface attributes expressed byIRL, and TDF,
provide a measure of the maturity and the integration risk
associated with interface g, respectively. While the IRL,
index may be used to rank interfaces according to their
maturity, theTDF;index may be used to rank interfaces
according to their integration risk. One question that
naturally arises at this point is how to rank the system
interfaces by composing the two attributes/RL, and TDF,.
The problem of ranking a variable with multiple attributes
has received much attention [36, 37, 38]. In most
applications, a weighted multiplicative scoring is
considered more reliable than a weighted additive scoring
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[38].Along this line, a possible index for ranking
interfaces, based on the attributes of maturity and
integration risk, may be constructed from a multiplicative
scoring function involving the indices of the corresponding
attributes.

An appropriate function, with equal weight exponents
for both attributes, may be expressed as:

RWIRL, = IRL, x Wy + Wyy — TDF), (7)
IRL, €{1,2,..,9},
where g designates the considered interface.

The scale for TDF has been reversed, aligning both
attributes so that the value of the proposed index increases
with increasing maturity and decreasing integration risk.

The RWIRL, index shall be used exclusively for
ranking purposes. It may be considered as giving for
interface q, at a given instant, a composite measure of both
integration maturity and severity of perceived risks for its
integration.

Using the RWIRL, indices, it is possible to rank the
interfaces according to their relevance in terms of maturity
and integration risks. The set of interfaces ranked
according to the index RWIRL, provides a convenient way
of communicating the most critical interfaces, regarding
maturity and integration risks, to the project hierarchy.

Averaging, now, the indexRWIRLover all interfaces:
1 Q
RWIRL_int = (—) RWIRL,, (8)
q=1

introduces an index that gives a measure of the overall
integration maturity and integration risks associated with
the considered system architecture. The risk-weighted
interface readiness level index,RWIRL_int,is a system-
wide index that combines overall interface maturity with
overall interface integration risk. It may have relevance in
a decision-making process dedicated to selecting a system
architecture.

Next, along the same lines, we discuss the definition of
a system-wide index that incorporates the maturity of the
components that define the system architecture.

Following the previous discussion, a weighted
multiplicative scoring is defined for each equipment based
on the attributes of (a) maturity of the equipment, (b)
maturity of the equipment’s interfaces, and (c) the
interfaces’ integration risk. Since a piece of equipment
may have more than one interface, a possible scoring
function may consider an average for the interfaces, as
given by:
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_ 1
RWSRL; = TRL ; x 52 IRL;j x Wy + Wy

YiEi )
— TDFy)),
= TRL; x RWIRL;, (10)

TRL; €{1,2,...,9},
IRL;; €{1,2,..,9},

where:

RWIRL, = = > RWIRL; a
lj:ti

the pair (ij) labels interfaces in the system, identified
through the system elements between which the interface
exists, Qi is the number of interfaces of element i,IRL;;is
the maturity of the interface between elements i and j,
TDF;; is the technical difficulty factor for the interface
between elements i and j, and TRL;is the technical
readiness level of element i. A note on the convention is in
place. Interfaces will be identified either through a simple
ordinal index q or by a pair of indices (ij) indicating the
system elements between which the interface exists. Thus,
if g labels the interface between system elements i and j,
bothRWIRL, and RWIRL;; designate the same index
corresponding to the interface between elements i and j.
The same holds for the indices IRL, and TDF,. In (7), a
prescription like the one followed by Ross [27]for the
association of interface maturity with a system element has
been observed: for a given system element i, the average
of the indices RWIRL;;,associated with the interfaces of
element i, referred to as RWIRL;, has been taken as an
“average” interface attribute associated with the element i.
The index RWIRL; may be used to rank equipment
according to its interface maturity and the perceived
difficulty of its integration into the system.

Like the previous indices, the index RWSRL;shall be
used exclusively for ranking purposes. The index applies
to system elements and may be considered as giving, at a
given instant, a composite measure of (a) equipment
maturity,(b) integration maturity of the equipment’s
interfaces, and (c) severity of perceived integration risks
associated with the equipment’s interfaces. Hence, through
the RWSRL; indices, it is possible to rank system
architecture elements according to their relevance in terms
of the aforementioned three elements' attributes.

An index that compounds, at a system level, the
attributes of (a) maturity of the system’s equipment, (b)
maturity of interfaces, and (c) risk associated with the
integration of interfaces may then be defined by:

ner
RWSRL = <E> Z RWSRL;, (12)
i=1
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where n is the number of system elements. The RWSRL
index is defined for each system architecture. It may be
relevant in a decision-making process dedicated to
selecting a system architecture when it may be employed
to rank different architectures.

Similarly, an index that compounds interface
maturity and equipment integration risk for a given system
configuration may be defined as:

- 1 no______
RWIRL = (—) Z RWIRL; . (13)
n i=1

Both the indices RWIRL_intand RWIRL compound the
attributes of interface maturity and interface risk of
integration at a system level. The difference between them
lies in the fact that while RWIRL_intis computed over all
interfaces indistinctly, the index RWIRL iscomputed
considering the partitioning of the interfaces among the
system components, as seen from (11). The latter index,
thus, depends on the configuration of the system and is, in
principle, a more appropriate measure for ranking
configurations according to interface maturity and
perceived risk of integration of the configuration.

3.2 Step-by-step procedure for application of the
proposed framework

Fig. 5 gives the methodology's step-by-step process to
obtain the RWSRL of each architectural solution and other
indices. The following sections detail each step.

321 STEP1

The technical team shall identify the equipment pieces
in the system with more than one candidate supplier and
all possible architectural solutions, considering the
possible combinations of candidate equipment.

322 STEP2

All interfaces between system elements are identified,
possibly using an N-squared diagram (N?). The technical
team then classifies each interface according to the
integration characteristics depicted in Table. 7.
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Table. 7: A proposed classification scheme for interfaces

TYPE OF SUBTYPES DESCRIPTION
INTEGRATION

Comprises the mechanical joints
and fastenings between the pairs
of elements; geometries, mass
property and stiffness matching,
etc.

Mechanical (M)

Comprises the supply of power
Power (P) |(voltage and current) and
Ground (G) |grounding between the pairs of
elements.

Electrical (E)

Comprises the heat exchanges
(conduction and radiation) and

Thermal (T) thermal insulation between the
pairs of elements.
Interface involving the
Data and Data (D)  |exchange of digital data and

Command (D/C) |Command (C) [analog signals, such as
telemetry and telecommands.

The classification given in the table provides a
sufficiently broad characterization that encompasses usual
integration challenges. Depending on the system, it may be
convenient to distinguish between subtypes of integrations,
as shown in Table. 7. Building more than one N2 diagram
may also be necessary when there is more than one way to
provide the same function through a different arrangement
of candidate equipment.

Fig. 4 gives an example of a system with four elements
represented in an N2 diagram as a function of the
integration types between each pair of elements. The
acronyms are defined in Table. 7.

‘ Equipment A MTG MTG MTG
Equipment B PDC T
Equipment C PT
Equipment D

Fig. 4: Example of mapping integrations types

Legend: M- Mechanical; T-Thermal; P- Power; G-
Electrical Ground; D- Data; C-Command.
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STEP 1

STEP 2 STEP 3

STEP 4 =

identification of candidate
equipment and possible

architectural solutions.

Identification of interfaces
between system elements
according to the integration

Identification of adaptations
and modification needs to
integrate each candidate

Assigning the technological
readiness levels (TRL) of all

characteristics.

- 5 system elements.
equipment into the system.

L STEP 5 b

STEP 6

] STEP 7

STEP 8

Assignment of integration
readiness levels (IRL)
between pairs of elements
for each possible
technological solution taking
into account each type of

diagrams for architectural
solutions.

Construction of detailed interface

Assigning a Technical
Difficulty Factor (TDF) for
each identified integration

and calculating the RWSRL.

Assessment of integration
risks associated with each
interface.

Fig. 5: Roadmap for using the RWSRL methodology

integration.
323 STEP3
In this step, considering the requirements and

preliminary design specifications, the technical team
identifies adaptation and modification needs for integrating
each candidate equipment into the system. Repercussions
over other equipment and subsystems shall also be
considered in this assessment. The need for further
analysis addressing testing and modification of
qualification status should also be contemplated. Usually,
such studies are carried out by specialists in system
engineering and assembly, integration, and testing (AIT)
from the organization responsible for developing the
system.

324 STEP4

From the information gathered in Steps 2 and 3, the
technical team shall assign a technology readiness level
(TRL) index to the system components. According to the
TRL philosophy, the TRL assessment gives the readiness
level of each system element at a given moment of the
project life cycle and for the environment prevailing at that
moment [16, p. 15]. Hence, when the conditions holding at
the time of a TRL assessment change, as in the case of
equipment reuse in a different system, with eventual
alterations in either the design, development process,
targeted environment, or operations[16, p. 16], a
reassessment of the TRL index will be necessary.

The TRL assignment may be carried out according to
the classification given in Table. 8, which gives the 1SO
and ECSS standards for TRL classification.
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Table. 8: ECSS-E-HB-11A [19] TRL scale

TRL ISO 16290 standard
1 Basic principles observed and reported.
2 Technology concept and application formulated
3 Proof-of-concept
4 | Component and breadboard functional verification

in a laboratory environment

5 | Component and breadboard critical function
verification in a relevant environment

6 Model demonstrating the critical functions of the
element in a relevant environment

7 Model demonstrating the element performance
for the operational environment

8 | Actual system completed and accepted for flight
(“"flight qualified'")

9 Actual system "flight-proven” through successful
mission operations

325 STEPS5

The technical team shall assign an interface readiness
level (IRL) index to each identified interface, considering
all possible architectures. The integration readiness levels
(IRL) assignment for each interface type (M, E, T, and
D/C), between each technology pair, shall consider the
analyses carried out in Step 3. The assignment of an IRL
index for each interface must be followed by evidence.
Just as changes influence the TRL index, the IRL index is
also susceptible to changes in the environment and must be
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reassessed in the event of modifications. Hence, the same
pair of technologies may display different IRLs, either as a
function of the type of integration (M, E, T, or D/C) or due
to varying choices of candidate equipment. In summary,
all integrations mapped in STEP 2 and all architectural
solutions must undergo an evaluation regarding their
maturity index. An example of decision criteria for the IRL
assignment is given in Table. 9.

326 STEPG6

The technical team shall construct detailed interface
diagrams for each system architecture, considering the
different interface classifications given in Table. 7 (M, E,
T, and D/C). The charts will be employed in identifying
and analyzing the technical difficulties associated with
each interface in the following steps. Fig. 6 displays an
example of interface diagrams for a four-element system.

327 STEP7

The technical team shall assess the integration risks
associated with each interface using the assignment criteria
given in Table. 2. The risk assessment must be carried out
by subject matter experts and performed separately for
each specified architecture. The assignment procedure
makes use of specialized opinion. The evaluator goes
through the nine criteria given in Table. 2 and identifies
the best assessment for each interface. This procedure
must be performed for all mapped integrations in the
system.

Table. 5 shows a typical assessment form.

Mechanical interface(M) Thermal Interface (T)

IRL M

@ IRL M

~

» %
/ IRLT
\
\ / IRL
! I IRLT »
. \Interfaces/,, —~
[ A Jjse—r—>{ B )

IR M

Data/Command
Interface (DC)

Fig. 6 Example of decomposition of integrations

All identified technical difficulties, with an assessment
from Low to Moderate or High risk, must be accompanied
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by a brief description of the problem, from which the
needs and magnitude of possible impacts, in terms of
schedule and costs, may be assessed. Once a given
architecture is chosen, these identified risks shall be
treated and mitigated as part of the risk management of the
technological solution selected.

328 STEPS8

In this step, the technical team shall compute the
indices listed in Table. 10. The table lists indices whose
rationale and form of computation are given in Section 3.1.
All these indices are specific proposals of this article. The
application of each index for ranking purposes is shown in
the rightmost column of Table. 10.

We briefly review the methodology used to compute the
TDF indices and their applications proposed in the present
article. From each expert’s assessment form, the
frequencies of negligible (N), low (L), and moderate or
high (M/H) assignments are computed. The TDF index for
each interface is computed from the whole set of forms.
The system-wide TDF index is then calculated as an
average of the TDF indices for each interface. A new IRL
matrix, referred to as the risk-weighted IRL matrix
(RWIRL), is computed using (7).
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Table. 9: Austin, M. F., & York, D. M. [19] Decision Criteria for Assessing Integration Readiness Level (IRL)

IRL Definition Evidence Description
0 No Integration No integration between specified components has been planned or intended.
. . . Principal integration technologies have been identified. Top-level functional
A high-level concept for integration has . P g . . g . . P
1 . . architecture and interface points have been defined. A high-level concept of
been identified. - A
operations and main use case has been started.
There is some level of specificity of Inputs/outputs for principal integration technologies/mediums are known,
2 requirements to characterize the interaction | characterized, and documented. Main interface requirements and
between components. specifications for integration technologies have been defined/drafted.
S . . The detailed interface design has been documented. System interface
The detailed integration design has been . g . Y .
3 . . . . diagrams have been completed. Inventory of external interfaces is completed,
defined to include all interface details. L . L
and data engineering units are identified and recorded.
Validation of interrelated functions between | Integrating technologies (modules/functions/assemblies) has been
4 integrating components in a laboratory successfully demonstrated in a laboratory/synthetic environment. Data
environment. transport method(s) and specifications have been defined.
Validation of interrelated functions between | Individual modules are tested to verify that the module components
5 integrating components in a suitable (functions) work together. External interfaces are well defined (e.qg., source,
environment. data formats, structure, content, method of support, etc.).
Validation of interrelated functions between . . . .
. - . - The end-to-end Functionality of Systems Integration has been validated.
6 integrating components in an appropriate .
. Data transmission tests were completed successfully.
end-to-end environment.
A fully integrated prototype has been successfully demonstrated in an
7 System prototype integration demonstration | actual or simulated operational environment. Each system/software interface
in an operational high-fidelity environment. | is tested individually under stressed and abnormal conditions. Interface, Data,
and Functional Verification complete.
System integration completed and mission A fully integrated system can meet overall mission requirements in an
8 qualified through test and demonstration in operational environment. System interfaces qualified and functioning correctly
an operational environment. in an operating environment.
L A fully integrated system has demonstrated operational effectiveness and
System Integration is proven through T - . .
. . suitability in its intended or a representative operating environment.
9 successful mission-proven operations . . . . .
capabilities Integration performance has been fully characterized and is consistent with user
P ' requirements.

The technical team shall choose the values of the

weights Wy, Wi and Wwun. A few prescriptions apply. For
consistency, the value of the Technical Difficulty Factor
index for an interface shall increase with increasing
integration risk. Hence, the values given to the weights
shall obey the relations:

A natural choice for W;is %(WN + Wyi). This choice
considers a linear relation between option and weight.
Since the prescription for deriving system indices from
system element indices is still an open issue [24, 22],
below, we give alternative ways of computing the index
RWSRL, following different prescriptions given in the
literature.
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Table. 10: Ranking indices and their use according to the
proposed framework
Lng(2) |Severity of risk m|Ranking of the risks m for each
for the interface q, according to risk
integration of severity.
interface q.
(14) TDF, Technical Ranking of interfaces q for a
5) Difficult Factor |given system architecture,
associated with  |according to assessed interface
interface q. risk of integration.
TDF System-wide Ranking of architectures,
©) Technical according to interface risk of
Difficult Factor. |integration.
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Ranking of the interfaces q for a
given system architecture,
according to composite measure
of Interface Readiness Level
and assessed interface risk of
integration.

RWIRL, |Risk-weighted
interface
7
Q) readiness level
for interface q.

RWIRL_int |System-wide Ranking of architectures,

®) risk-weighted according to a composite
interface measure of the attributes: (a)
readiness level. |integration maturity of the
equipment’s interfaces and (b)
severity of perceived

integration risks of equipment’s

interfaces.
RWIRL; |Risk-weighted |Ranking of equipment
(11) interface according to its interface

readiness level |maturity and the perceived
for equipment i. |difficulty of its integration to
the system.

RWIRL |System-wide
(13) risk-weighted

Ranking of architectures
according to equipment
equipment interface readiness for
readiness level |integration and perceived
for integration to [equipment integration risk.
the system.

RWSRL; |Risk-weighted |Ranking of the elements i of a
©) readiness level  |system architecture according
for component i. [to a composite measure of the
attributes equipment i maturity,
integration maturity of the
equipment i interfaces and
severity of perceived
integration risks associated with
equipment i interfaces.

RWSRL  |System-wide Ranking of architectures,
(12) risk-weighted according to a composite
interface measure of the attributes of

readiness level. |maturity of system’s equipment,
maturity of system’s interfaces,
and risk associated with the
integration of system’s
interfaces.

3.2.8.1 Prescription by Ross

Here, the computation of the RWSRL is adapted from the
SRL prescription given by Ross[27].

For a system with n elements, the complete
prescription is as follows:

A -assigh a TRL index to each system element,
according to the scale given in Table 8, and express the
system TRL in the form of a vector:

TRL = (trly, trly, ..., trl,) ; (15)

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

B —for the considered integration type (M, E, T or D/C)
assign an IRL index to each identified interface in the
system, according to the scale given in Table. 9, and
express the result in matrix form as:

irly " irl,t . irly,”
IRL* = irlz:1x irly, .. irly,* , (16)
irl,,* irly* .. irly,”

where irlij* identifies the index corresponding to the system
elements i and j, for the integration of type x; the diagonal
elements, which give the index corresponding to the
integration of a component with itself, are not used in this
SRL computation prescription;

C —from the elements of the matrixIRL*, compute the
matrix below, the rationale of which is given in Section
3.1
(Wn+ Wpy/na — TDF )

Wm/H—WN)

rwirlf; = irlf x , (17)

where TDF;; is given by (5) and Wy and W), ,,are weights
used in the interface risk analysis, defined in the Step 8;

D — compute the average value of the matrix elements in
(17) as:

. X 1 . X
rwirl; =—xz rwirl;;™, (18)
Q: jEi
where Qi is the number of non-zero elements in the
considered ling;

E - assign a manufacturing readiness level (MRL)
index to each system element, according to a proper
scale[27], and express the system MRL in the form of a
vector:

MRL = %(mrll,mrlz_ w,mrly); (19)

F — compute the component system readiness level
vector:

RWSRL* =
2
(rwsrly*, rwsrly* ..., rwsrl,) (20)
from the expression:
1
rwsrl;¥ = mrl; x trl; X arwirli"; (21)
G - finally, compute the system readiness

level RWSRL*for the integration of type x, as the average
of the elements of the vector given in (18):

1
RWSRL* = =¥, rwsrl;* . (22)

It should be noted that the index rwsrl;¥is equivalent
to the index RWSRL;defined in (9), with the difference
that here the type of integration x is being considered in an
explicit way. When the system's topology does not change
with the integration type (M, E, T or D/C) such explicit
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distinction is not necessary, being then possible to refer to
each interface by a single index g, allowing for the
multiplicity introduced by the different integration types.

The sequence of calculations leading to RWSRL*is
carried out for the four types of integration. The RWSRL
index of the system is finally computed from the equation:
RWSRIM + RWSRLE + RWSRLT + RWSRLP/¢ (23)

4

The above computation should be carried out for all

architecture solutions considered in the analysis.

It should be noted that (23) is equivalent to (12) if one
considers the manufacturing readiness level for each
component equal to its maximum value, i.e., if there are no
limitations as regards manufacturing of system elements.
Thus, the methodology given in Section 3.1, based on the
theory of ranking a variable with multiple attributes [36,
37], is equivalent to the approach of Ross[27] for
computing a system readiness level from the TRL and IRL
of system elements.

RWSRL =

3.2.8.2 Prescription by Sauser
The presentation given here is based on the work of

Austin, M.F., & York, D. M. [19] and follows the
prescription given by Sauser [8].

The complete prescription is as follows:

A — for each integration type x (M, E, T e D/C), assign
an IRL index to each identified interface in the system,

according to the scale given in Table. 9, and compute the
rwirl{; matrix from (17); in the present case, each

diagonal element of IRL is assigned a value of 9;

B -the RWSRL vector is obtained by multiplying the
normalized TRL vector by the normalized RWIRL matrix:

n )
rwirl;  trl;
rwsrl¥ = Z 5 X5 (24)

j=1
where the normalization factor is taken as the maximum of
the corresponding assignment scales;

C —compute the component RWSRL vector from the
expression:

crwsrl¥ =rwsrl} /m;, (25)

where m; is the number of integrations of component i, as
defined by the system architecture, including the
integration of the component with itself;

D - the arithmetic average of the elements of the
component RWSRL gives the composite RWSRL, which is
interpreted as a measure of the system readiness, is then
provided by:
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n
RWSRL* = %Z crwsrly, (26)
i=1
where n is the number of elements in the considered
architecture.

The sequence of calculations must be repeated for the
four types of integration, and the RWSRL of the system is,
finally, computed from the equation (23):

V. DISCUSSION

Multi-attribute ~ Decision-making  (MADM) s
conceptually considered a branch of the area of Multi-
criteria Decision-making (MCDM) in the field of
Operations Research[39].

We note that the general form of a weighted
multiplicative scoring function, with k attributes, is given

by:
k
F=]]ar, (24)

i v, =1, (25)

where 1; designates the weight exponent of the index
associated with the attribute a;. If all 1 are equal, they
may be dropped from (24) and (25). All the weighted
multiplicative scoring functions defined in Section 3.1 use
equal weight exponents. In principle, the formalism may
be further developed through a judicious choice of the
weight exponents, considering the specificities of the
intended application. It should also be noted that the
effective scoring functions leading to the indices RWIRL
and RWSRL are composed of a mix of multiplicative and
additive scoring functions. These indices should be
carefully analyzed for each specific application, given the
possible idiosyncrasies affecting additive scoring
functions, as discussed in detail by Tofallis [38].

The framework given in this article has not explicitly
considered an index for the attribute of technology
maturation risks. Such risks might be assessed through an
AD2 framework, as already discussed in Section 3.1. We
emphasize that the AD2 methodology investigates the risk
areas of design and analysis, manufacturing, software
development, testing, and operations, which may be
considered complementary to the risk area considered in
the present framework. In principle, an index associated
with the attributes associated with technology maturation
risk might be devised and implemented following the
concepts given in this article.
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Fig. 7 shows the relation between the AD2 level scale
and risk severity, represented by its two components:
impact and probability. The chart in the lower part of the
figure gives descriptions for the classification of risks’
impact into five levels, while the upper chart gives the
correspondence of each AD2 scale level with
corresponding values of impact level and probability

Requires new development outzide of any existing
experience baze. No viable approaches exist that can be
pursued with any degree of confidence. Basic research|90%
in key areas needed before feasible approaches can be
defined.

Reguires new development where similarity to existing
experience base can be defined only in the broadest]&0%
sense. Multiple development routes must be pursued.
Reguires new development but similarity to existing
experience is sufficient to warrant comparison in only a

(severity), subset of critical areas. Multiple development routes must 0%
. . . be pursued.

The framework proposed in this article may be Requires new development but simiarty to existing
interpreted as a version of the AD2 framework, adapted for experience is sufficient to warrant comparison on only a
. i - i subset of critical areas. Dual development approaches

the assessment of integration risks. To further ascertain should be pursued in order to achieve a moderate degree|50%
this point, Fig. 8 gives the relation between the assessment of confidence for success. (desired performance can be

. ) . i A . achieved in subseguent block upgrades with high degres| =

of the selected integration risks listed in Table. 2 and risk of confidence. Ed

Reguires new development but similarity to existing
experience is sufficient to warrant comparison in all
critical areas. Dual development approaches should be|d40%
purzued to provide a high degree of confidence for
SUCCEES.

Reguires new development but similarity to existing
experience is sufficient to warrant comparison across the

severity, represented by the pair impact and probability.
Comparing with the charts given in Fig. 7, it is seen that
the present framework and the AD2 framework are
conceptually equivalent, although applied to the different
risk areas.

ﬁAnz
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30%
board. A single development appreach can be taken with
a high degree of confidence for success.
Requires new development well within the experience 20%
base. A single development approach is adeguate.
Exiztz but requirezs major modifications. A =single 10%
development approach is adequate.
Exiztz with no or only minor modifications being required. 0%
A single development approach is adequate.
Level Technical Schedule Schedule
Minimal er no L . Minimal or no
1 Minimal or no impact )
consequence to impact
Minor reduction in Budget
technical Able to meet key in cressn.a or unit
3 performance or dates production cost
suppertability, can be 2 <*mur|.th(5‘ increases.
tolerated with little or no P ! <**(1% of
impact on the program Budget)
Minor schedule slip.
- Able t t Budget
¢ Moderate reduction in _e B mes - ueae .
Q ) key milestones with | increase or unit
= technical performance or )
T supportability with limited no schedule float | production cost
- impact on program Slip <*monthis) increases.
E ohiectives Sub-system <**(5% of
W ! slip=*monthis} plus Budget)
E available float
-] Significant degradation in Budget
technical performance or - increase or unit
. . Program critical path )
4 major shortfall in affectad production cost
supportability, may A . increases.
) ) Slip =*manth{s)
jecpardize program <*=(10% of
SUCCESS Budget)
Severe degradation in Budget
technical performance. increase or unit
Cannot meet key )
c Cannot meet KPP or key . production cost
5 : . program milestones )
technical'supportability Slip <*month(s) increases.
threshold; will jeopardize P ! =**(10% of
program SUCCess Budget)

DOD Consequence Descriptions

Fig. 7: Relation between the AD2 framework and the risk
management process in a project. Adapted from Bilbro[7]
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Extremal 5 - Near certainty: ~ 90 %
o
S~

High 2 |4 - Highly likely: ~ 70 %

Medium . 3 - Likely: ~ 50 %

Low 2 - Low likelihood: ~ 30 %
2

Minimal 1- Not likely: ~ 10 %

Fig. 8: Relation between the proposed framework and the
risk management process in a project. Colors indicate the
severity level, according to the scale depicted in Fig. 3

Using the concepts introduced in this article makes it
possible to associate an index to each of the risks
investigated in the AD2 framework. As an illustration, Fig.
9 gives a possible correspondence betweenAD2 scale
levels with the computation concepts introduced in this
article.

AD?2 levels Risk Weights
Options

9

8 M/H W
7

6

5 L WL
4

3

2 N Wi
1

Fig. 9: Possible relation between the AD2 scale levels and
the framework presented in this article.

Legend: N: negligible; L: low; M/H: moderate to high

In order to accommodate the AD2 scheme into the
present framework, it would then be necessary to
formulate the AD2 specific questions as risk statements
and unfold them into three excluding possibilities,
following the logic illustrated in Table. 2. Instead of a
form for each interface, there would be a form for each
element of the system work breakdown structure (WBS).
From this point on, a TDF factor would then be computed
for each WBS element and composed with the other
attributes, as discussed in Section 3.1, giving origin to
different indices. This additional step would complete the
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procedure of the framework proposed in this article. The
outcome is a project technology assessment framework
that composes the following technology readiness
assessments and risks: technology readiness level of
equipment, technology readiness level of interfaces,
technology maturation risks, and integration risks.

V. RESULTS

This section illustrates the application of the proposed
framework. Two examples are developed in order to show
that the proposed methodology can capture relevant
information from the system through indices, which are
consistent with the information from the analysis.

5.1 Example 1

An example involving one interface type, or a
configuration in which the architectures for the different
interface types are topologically equivalent, is presented in
the following. Table. 11 shows the parameter values used
in the example.

Table. 11: Parameters’ values for Example 1

Number of 32
Evaluators (N,)
Number of system 5
components (n)
Number of 7
interfaces (Q)
Wn 0.8
WL 10
WmH 1.2
TRL 3 9 9 4 7
IRL matrix 0 7 9 3 7
0 0 0 1
0 3 2
0 0
0

The assessment of the 7 interfaces (Q) by 32evaluators
(Na) has been simulated by randomly selecting an
assignment for each risk. Fig. 10 gives the aggregated
result for each risk, for Interface 1, as an example. Similar
results are obtained for the other interfaces.
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Identification: INTERFACE 1

Risk N L | M/H Img
1 - Know-how 8 15 9 0,9777
2-GSE 17 9 6 0,9893
3- 7 19 6 0,9955
4 - Workload 12 8 12 0,9911
5 - Training 11 8 13 0,9893
6 - Nonconformance 12 13 7 1,0179
7 - Interface 12 9 11 1,0000
8 - Verification 11 10 11 1,0205
9 - Complexity 4 13 15 1,0134
Frequency 0,33 |0,33| 0,34
Weighting factors 0,80 |1,00| 1,20
Criterion's weight 0,26 [0,33| 0,41
TDF 0,99944

Fig. 10: Aggregated result for Interface 1, according to
the simulated assessment of Na = 32 evaluators. The cells
in red and in green identify what would be the most and
least severe risks, as assessed by the technical personnel

The rightmost column shows the values of the
index/,,,for each risk. The values give a measure, for
ranking purposes only, of the relevance of the
corresponding risk (m) for the considered interface
integration (q). The highlighted maximum (red) and
minimum (green) values correspond to the most and least
severe risks for the assessed interface.

International Journal of Advanced Engineering Research and Science, 9(5)-2022

considering only the difficulties perceived by the technical
team, i.e., when considering only the index TDF, this
simulated example would show that interface 7, with IRL
equal to 2, would rank first in risk severity when compared
to the other interfaces. Interface 6, although with a low
IRL value, equal to 3, would present the most favorable
situation within the considered set of risks. When
composing integration risk with maturity, interface 5, with
the lowest IRL, equal to 1, would be the most challenging
interface, while interface 2, with IRL equal to 9, would
represent the most favorable case.

Equipment/ | TRL | RWSRL; RWIRL;

Interfaces

1/1-2-3-4 3 19,6547 6,5182

2/1-5 9 36,0594 4,0066

3/2-6-7 9 42,1979 4,6887

4/3-6 4 12,0500 3,0125

5/4-5-7 7 23,3058 3,3294
RWSRL 26,63355

Interface IRL TDF, RWIRL,
1 7 0,9972 7,0194
2 9 0,9944 9,0500
3 3 1,0021 2,9938
4 7 0,9986 7,0097
5 1 1,0063 0,9938
6 3 0,9896 3,0313
7 2 1,0076 1,9847

TDF 0,9994
RWIRL_int 4,5832

Fig. 11: The indices TDF4 and RWIRLg are given for each
interface for the simulated example discussed in the text.
The system-wide indices TDF and RWIRL_int are also
shown

The IRL, TDF, and RWIRL, indices for each interface
are given in Fig. 11, with the least and most favorable
cases identified with red and green colors. The figure also
lists the corresponding system-wide indices, TDF and
RWIRL_int, for the simulated configuration. When
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Fig. 12: The index RWSRL.I for each equipment is given.
The last line shows the system-wide index RWSRL

Fig. 12 gives the values of RWSRL; andthe average
values of the risk-weighted integration level, RWIRL;,
associated with each element i. The figure also gives the
value of the system-wide index RWSRL. In the simulated
scenario, with random assessments of each interface, the
system component ranked as most critical has TRL 4 and
coincides with the element that shows the most
unfavorable value for the index RWIRL;.

5.2 Example 2

The hypothetical case of a system with five component
equipment with four alternatives for one of the
components is now studied through simulation.

It is assumed that the system displays different
configurations for different interface types. Fig. 13 shows
the assumed configurations for the four types of interfaces
defined in Table. 4 (M, E, T, and D/C). Ordinal numbers
identify interfaces, while system components are identified
by letters, sequentially from A to E. Alternative candidate
equipment, for the “A” position, are identified by Al
through A4.
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Mechanical Interfaces.

Electrical Interfaces.
i : ' e
éﬂ/jm ls

Data/Command Interfaces.

o3

Fig. 13: System decomposed into the four types of
interfaces.

TRL and IRL values for equipment and interfaces have
been randomly selected and are displayed in Fig. 14, with
the provision that the IRL indices are the same for each
type of interface (M, E, T, and D/C), even when switching
between candidates for the “A” position. Also, it is
assumed that the insertion of candidate equipment does not
affect the TRL of the remaining system equipment B, C,
D, and E. The assessment of the 9 risks by 3 specialists has
also been randomly selected. Although the specific
simulated situation would seldom be verified in actual
cases, the conceptual case of choosing a piece of
equipment among several possibilities is quite common.

(0 R 2 8
T 5 T 0
30 0 1
0 3 10
30 0 3
b b b0

—_ e e o o o

t t
9 1
3 b
b 0
b 1
0 0

-S> e B

o oo o o = o
o = oo oo o= o
= o o o =
o o o o o
S —m o o o e
S o — o oo o
= = o= o oo m

fp | AL R M| M| B C|D|E
W6 |6 | T T [6]6]5 |7

Fig. 14: Simulation input data.
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Fig. 15 lists theRWSRL index for each type of
interface, referred to as RWSRL(x), with x e (M,E,T,D/
C), as well as the systemRWSRL for each architectural
solution formed with the candidate components. It is seen
that the solution with the equipment A4 presents the
highest RWSRL value. Comparing the RWSRL(x) values
among the different solutions, it is observed that Solution 4
ranks first, except for the D/C interface type, when
Solution 3 ranks first. Concerning the TDF index, which
would give a measure of integration risk for each
configuration as perceived by the technical team, Solution
4 also ranks first as the preferred solution (lower risk). It is
also seen from Fig. 14 that the alternatives A3 and A4
show TRL values equal to 7, superior to the value 6 for
alternatives Al and A2. From Fig. 14, it is also seen that
the average IRL for component A4, equal to 22/3, is
superior to the equivalent values for alternatives Al to A3,
equal to 22/4, 9/2, and 9/2, respectively. Thus, from the
analysis of the basic input indices it would be expected
that alternative 4 would fare better than the other
alternatives. The virtue of methodologies belonging to the
MADM class is to condense, through one or more indices,
computed straightforwardly, information that would be
obtained through detailed analysis. In this example, the
proposed methodology would give, through the language
of ranking indices, the same answer as would be obtained
by a detailed analysis of the problem.

C:;.T_]Sf_lgin RWSRLsys | TDF sys
RWSRL (M) 28,3062
Architecture Solution 1 RWSRL (E) 25,6551
RWSRL (T) 35,6578 30733 | 10123
RWSRL (D/C) 42,6741
Composition
RWSRLsys | TDF sys
A2-B-C-D-E
Architecture Solution 2 RWSRL (M) 27,9211
RWSRL (E) 26,5911 335081 | 0,9990
RWSRL (T) 36,2514
RWSRL (D/C) 43,2689
Composition RWSRLsys | TDF sys
A3-B-C-D-E
) ) RWSRL (M) 28,5743
Architecture Solution 3 RWSRL (E) 27,4289
RWSRL (T) 36,0402 346057 | 1,0045
RWSRL (D/C) 46,3795
Composition RWSRLsys | TDF sys
A4-B-C-D-E
. . RWSRL (M) 29,9407
Architecture Solution 4
RWSRL (E) 27,8131 o || e
RWSRL (T) 36,4193 g ’
RWSRL (D/C) 45,7548

Fig. 15: Result of the ranking simulation of the
architectural solutions formed between candidates Al,
A2, A3 and A4.
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The TDF index also synthesizes relevant information
for the project risk management process, pointing out
which risks require more attention from project
management.

4 §Complexity
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7 | Interface Requirements

W Mechanical (M)
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4 § Task Volume

3 §| Adaptation & Mastery
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Fig. 16: Ranking result of the architecture solution 4
by risk type and by interface type

Fig. 16 shows a comparison of the relevance of each
assessed risk for each interface type as given by the I,,,,
index, for Solution 4. For instance, risk 9, “Complexity”, is
ranked first for the Signal interface, while risk
“Verification” ranks first for the Thermal interface.
Among all risks, the risk GSE ranks first, for the case of an
Electrical interface type, according to the technical team
risk assessment leading to the TDF index.

When the objective is to understand which type of
interface presents the highest integration risk, the
Technical Difficulty Factor (TDF) may be computed for
each interface type. This index makes it possible to rank
the different interface types according to their integration
risk. For the example under scrutiny, Fig. 17shows that the
simulated data would indicate that the thermal and signal
interface types would require greater attention than the
other interface types in the integration effort.
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Fig. 17: Ranking of TDF by interface types of architecture
solution.

VI. CONCLUSION

The methodology given in this article aims to propose
ranking indices that measure the integration risks of
system architectures, to be compounded with system
technology and interface readiness levels indices to define
multiple attribute indices adequate for the ranking of
different system architectures. This objective has been
implemented as follows.

The integration risk assessment is based on specialized
opinion. In the methodology version presented here, a
selection of nine integration risks, covering a broad range
of disciplines, is submitted, in the format of an individual
form survey, to the assessment of systems engineering
personnel, specialty engineers, project managers, and
assembly, integration and testing specialists. The detailed
risk information that emerges from the survey is translated
into an index, referred to as the Technical Difficulty Factor
(TDF), which gives a measure of integration risk severity
for each interface.

Through the composition of this index with the set of
IRL indices, a new composite index, referred to as Risk-
weighted Integration Readiness Level (RWIRL), is defined
for each interface. The RWIRL indices are then
compounded with the equipment TRL indices, giving
origin to a new set of indices, referred to as RWSRLI,
which may be used to rank system equipment according to
the attributes of equipment maturity, interface maturity,
and integration risk. From the set of RWSRLI indices, a
system-wide index, termed Risk-weighted System
Readiness Level (RWSRL), is derived, which may be used
to rank different system architectures, considering the
attributes mentioned above.
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With additional effort, through a procedure indicated in
the article, the TDF index may be compounded with a
conveniently defined AD2 index, thus defining a
compounded TDF risk index, which now considers
integration risks and technology maturation risks.
Following the procedure already delineated above, one
obtains equivalent indices as those above defined,
incorporating both maturity and risk information.

The outcome is a project technology assessment
framework that composes the following elements:
equipment readiness level, technology readiness level of
interfaces, technology maturation risks, and integration
risks.

It is pointed out that the RWSRL methodology
proposed in this article deals with the definition of ranking
indices and their applications. Values of computed indices
have meaning only for comparison purposes; it is not
possible to assign them a scale as in the TRL, IRL, and
SRL methodologies. The variability of the results
generated will always depend on the values adopted for the
weights Wy, Wi, and Wwry. The values may be tailored
according to the conveniences of the intended application.
This will not affect the result whenever linearity between
them is observed.

Although conceived for application in space projects
Phases A and B, the RWSRL methodology may be
applicable, in principle, to a wide range of project types, at
different life cycle stages, for instance, whenever a
decision among multiple supply options is necessary or as
an input for related RIDM processes. The proposed risk
assessment model is sufficiently generic to be tailored to
other design applications.

The various ranking indices proposed in the article
provide potentially relevant data for project management,
not only as a selection tool among candidate items for the
system's composition but also as an input for a
conventional CRM process for detailing and mitigating
risks. The proposed risk assessment may indicate the areas
and aspects related to system integration that require great
or special attention in the system design.

There is a relationship between the AD2 scale levels
and the structure presented in this article, as shown in Fig.
8 and Fig. 9. It can be argued that both tools work
similarly and that the AD2 and RWSRL methodologies
may work as complementary frameworks.

The RWSRL metric captures the potential risks at a
given moment of the project, as perceived by the technical
team. Beyond their utility in decision-making processes,
the proposed indices provide an effective communication
bridge between systems teams and project management.
They convey appropriate identification and
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characterization of integration difficulties and risks
foreseen in each evaluated architecture solution.

The utility of multi-attribute  decision-making
methodologies as applied to projects is to condense,
through one or more indices, computed straightforwardly
and systematically, information that would be obtained
through detailed analysis. The examples given in Section 3
indicate that the proposed methodology is successful in
providing through the language of ranking indices
information that would be obtained only through a detailed
analysis.
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Abstract—To know if a certain thermoluminescent (TL) peak is suitable
for dosimetry, it is important to determine its lifetime. The mean lifetime
may be calculated using the geometrical factor of the TL glow curve to
determine the kinetic parameters such as activation energy and frequency
factor of electrons in traps. The kinetic parameters to the peak at 202 °C
of a natural amethyst from Brazil, were obtained by using the peak shape
methods applied on the TL glow curve, before and after deconvolution
procedure. The peak at 202 °C was chosen because lies between 180 °C
and 400 °C, a region of interest for dosimetric applications. Before
deconvolution, the calculated lifetime for the peak at 202 °C was
relatively short close to 35 days. However, the calculated lifetime after
deconvolution was around 312 days, suggesting a longer lifetime. The
results showed the importance of deconvolution for the calculation of the
kinetic parameters of the TL peak of amethyst exposed to high dose of
gamma radiation.

l. INTRODUCTION
Some studies bring an easier understanding

associated electronic equipment. In many cases, the
detected light is proportional to the radiation absorbed and

introduction to the phenomena of thermoluminescence
(TL) and its applications, but in general it is known that
the TL materials when pre-excited by radiation (cosmic,
ultraviolet,o., B, X or yrays) may retain energy within them
[1, 2].

The principle of TL dosimetry is based on the
statement that ionizing radiation produces free electrons,
some of which can be trapped by point defects existing in
the crystalline lattice of an insulating material. After being
exposed to ionizing radiation, the TL material emits light
while they are heated. The intensity of the emitted visible
light is proportional to the number of trapped electrons and
therefore to the amount of absorbed radiation [3, 4]. The
emitted light can be detected by a photomultiplier Anda
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it is possible to use TL dosimetry for several applications
[3,5].TL dosimetry is a well-established dosimetric
technique with applications in areas such as personnel,
environmental, archaeological, dating, retrospective and
clinical dosimetry [3].

Many synthetic materials are produced with properties
suitable for TL applications, among which are lithium
fluoride (LiF), calcium fluoride (CaF;), calcium sulfate
(CaS0.), beryl oxide (BeO) and aluminum oxide (Al2O3)
[4,5]. On the other hand, there are natural minerals with
interesting TL properties, such as zirconite (ZrSiOy),
microcline (KAISizOg), albite (NaAlSizOg), calcite
(CaCO0y), topaz Aly(F,0OH)2SiO4 and quartz (SiO.) [6-
9].Among these, quartz is one of the most popular ones
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and can be used in many TL dosimetry applications [3, 9-
12].

Natural amethyst is a purple variety of a-quartz (SiOy)
and has received considerable attention from the point of
view of technological applications with low and highy
dose radiation [13, 14, 17, 18]. Thus, these studies have
published the thermoluminescence analysis, as well as
suitability of amethyst as dosimeter.

In many industrial processes the high doses can be used
to material sterilization, food tuber germination treatments,
grain and seed growing, water purification, among other
possibilities [19, 20]. Then, there is a possibility of using
the amethyst to high dose dosimetry in similar
applications.

Amethyst generally exhibits a TL glow curve with two
or more main peaks. The TL glow curve is an intrinsic
characteristic of each amethyst crystal and is associated to
high concentration of electron or hole traps and high
efficiency of light emission associated with recombination
process between electron and hole [3]. However, the iron
(Fe®), which exist as impurities into the amethyst lattice,
is generally responsible for the concentration of electrons
and holes traps, can vary from one deposit to the other
affecting the intensity of TL glow curve [21-23].

To determine if the peaks on the TL glow curve are
useful for dosimetry, it is important to know its lifetime.
The lifetime may be calculated using the trap physical
parameters as order of Kinetic, activation energy and
frequency factor [3, 4, 23].

In order to obtain these physical parameters, some
procedures can be used, such as initial rise, different
heating rates and peak shape methods [23-25]. However,
the methods that use the peak shape are probably the
simplest because activation energy can be determined by
knowing only two or three characteristic temperatures of
the peak and no additional measurements are needed.

Thus, the aim of this study was to calculate the kinetics
order (b), activation energy (E)and frequency factor (s) of
the peak at 202 °C for an amethyst taken from a deposit
located in South of Brazil. By using peak shape methods
was possible to estimate the life time of TL peak at 202 °C
with the order of days at 25 °C of room temperature.

I EXPERIMENTAL

2.1 Peak shape methods for general order
The geometrical shape of the peak on TL glow curve is
an important characteristic for the material that will be
used as a TL dosimeter. This characteristic can be
evaluated using the peak shape methods, that is based on
measurements of a few points of the isolated glow peak as
shown in Figure 1 [4].In this figure, it is possible to define
the following parameters: T, = temperature at maximum
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intensity; Tiand T, = temperatures on either side of T,
corresponding to half of the maximum intensity; © = T —
Tais the half-width of the low temperature side of the peak;
d = To — Tn s the halfwidth at the high temperature side of
the peak; o = T, — Tais the total half-width andu = 8/ is
the geometrical form factor or symmetry factor. The factor
u is adopted as 0.42 for first order kinetics peaks, 0.52 for
the second order and for values other than 0.42 and 0.52
the general order peaks is adopted.

N

TL Intensity
m| "

|

|

|
Tl Tm TL
Temperature
Fig.1: Geometrical parameters of the TL peak

By determining the form factor s, the corresponding
order of kinetic b can be predicted from the calibration
curve shown in Figure 2. It is pertinent to mention that z is
practically independent of E in the range from 0.1 to 1.6
eV and strongly dependent on the Kinetics order b, to the
range 0.7 <b <2.5 [4].
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Fig.2: Variation of x4 with order of kinetics b

In the general order peaks case, the energy E (eV) can
be calculated using Equation 1, that require only
knowledge of the parametersr, 5, © and u [4].

kT2
Ea = Ca T - Ba . (ZkTm) (1)

Where the index o stands for 1, 8, » and k =
Boltzmann constant (8.62 x 105 eV/K).
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The values or C, and B, for the three methods are
presented in the Equations 2, 3 and 4 [4].

C,=1.51+3(u—0.42),B, = 1.58 + 4.2(u — 0.42) (2)
Cs=0.976 + 7.3(u— 0.42),Bs=0 (3)
C,=252+102(u—042),B,=1 4)

The frequency factor s (s*) for the general order
Kinetics peaks is calculated using the Equation 5 [25].

Z(BE 1

W) TR ED N (%) ®)

Where b = value of kinetic order, f= heating rate (K/s).
2.2 Sample preparation

The natural amethyst used in the present study was a
single crystal extracted from one deposit located in the
district of Lajeado (Rio Grande do Sul State, South of
Brazil). The crystal (Figure 3) was cleaned with acetone
for 20 minutes using an ultrasonic bath and then were
manually crushed using an agate mortar and pestle. After
crushing, the grains were classified into 75 x 150 pm by
using standard Tyler sieves. After that, the grains were
submitted a heat treatment in order to guarantee the release
of charge carriers from the trap levels. The heat-treatment
were performed in a muffle furnace at 400 °C for lhour
and cooling at room temperature of 25 °C.

Fig.3: Amethyst crystal

2.3 TL measurements

To determine the TL glow curve of the amethyst
exposed to high gamma doses, five powder aliquots with
approximately 20 mg were used. The weight of each
aliquot was determined with an analytical balance accurate
to 0.1 mg. The aliquots were exposed to doses ranging
from 1 to 50 kGy in a gamma-cell irradiator with a dose
rate close to 10 kGy/h. The TL measurements were carried
out at temperatures ranging from 50to 350 °C with a
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heating rate of 5 °C/s, using a TL Harshaw3500 reader
equipment. After that, the TL glow curve obtained with
intermediate dose of 25 kGy was deconvoluted to calculate
the lifetime.

2.4 Deconvolution and TL peak lifetime

Another important subject in dosimetric studies is the
stability of the stored signal at room temperature. Then,
the TL glow curves were analyzed by using the peak shape
methods before and after the deconvolution procedure with
Origin program. The deconvolution is defined as a
mathematical method to create a curve using some
theoretically and experimentally determined parameters
[26, 27]. Thus, it was possible to analyze the overlapping
peaks in the region between 125 and 275 °C of TL glow
curve and determine the kinetics parameters of an isolated
peak for the lifetime (t) calculation by using Equation 6.

t =s"Yexp(E/kT) (6)
Where T = room temperature (298 K).

The accuracy of the deconvolution method used for TL
peaks determination is similar to that found with the first,
second and general order TL Kinetic equations [25, 28]. In
this study, the method was validated by analyzing the
Figure of Merit (FOM), which is the degree of similarity
between the theoretical and experimental curves. In this
case, an FOM value of less than 2.5% indicates a good
result [27, 28]. Four peaks were considered for the
deconvolution, being one of first order, another of second
order and two of general order, with activation energies
ranging between 0.83 and 1.41 eV.

2.5 XRD Analysis

To investigate the crystal structure of amethyst,
standard X-ray diffraction (XRD) analyses were carried
out. For that, XRD patterns were obtained with a 20
diffractometer between 10° to 60° using Cu-Ka radiation.
Then, the result was compared with XRD pattern ofa-
quartz.

1. RESULTS AND DISCUSSION

Figure 4 shows the XRD patterns of powdered sample
amethyst and a-quartz. By comparing the two
diffractograms recorded between 10° and 60° (in 26 scale),
it can be seen that they have the same peak positions.
There is an intense peak at 26.56°and several other
diffraction peaks of moderate and low intensity between
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20.78° and 59.88°. The peaks presented correspond to the
crystalline planes of natural quartz and are in accordance
with the XRD pattern found for a-quartz [29].

35000

30000
25000 + =— XRD of amethyst powder sample

20000 - = XRD pattern of a-quartz

15000

Intensity (a.u.)

10000

(100)
(101)
(112)

5000 -

(102)
(111)
211)

T (200)
=i (02 1)
b (103)

0

=

1 bs—110)

0 20 30
2 theta (°)
Fig.4: XRD of amethyst compared to pattern of a-quartz

&
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Figure 5 shows the TL glow curve for amethyst
powdered exposed to doses of 1, 5, 7, 10, 25 and 50 kGy
of %Co. This result shows two overlapping glow peaks
near to 125 and 202 °C, respectively. In the present study,
the peak at 125 °C was not considered due to its unstable
behavior at room temperature. On the other hand, the peak
at 202 °C is located in the region of interest for TL
dosimetry, which lies between 180 °C and 400 °C [3, 23].

36
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Fig.5: TL glow curve of amethyst exposed to high doses of
gamma radiation.

The peak at 202 °C may exhibit different behaviors
depending on the origin or shape of the sample
investigated. For example, in samples powdered irradiated
with doses in an interval of 0.89 — 21.36 Gy (*°Sr/*%Y), the
peak at 202 °C may appears at 240 °C [18]. However, in
amethyst sintered pellet irradiated with 1 kGy (¢°Co) the
glow peak is observed at 210 °C [17].

The TL intensity of the peaks at 125 and 202 °C
increases within creasing dose from 1to 50 kGy, but only
with 5 kGy the peak at 202 °Cis noticed. Some amethysts
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from Brazil show a very well defined dosimetric peak near
to 210 °C that can be observed with 1 kGy of ®Co or with
lower doses [7, 17]. It is known that the TL intensity of
quartz exposed to gamma radiation decreases with high
content of OH defect centers, which varies in samples
from one deposit to another [30]. It is pertinent to mention
that others studies have reported the high OH
concentrations in some amethysts from South of Brazil
[21,31]. Thus, it is believed that the absence of the TL
peak at 202 °C for dose of 1 kGy can be associated with
the high content of OH centers present in the sample.
Figure 6 shows the TL glow curve of amethyst exposed
to 25 kGy. The peak shape expressions for general order
were used assuming that the peaks at 125 °C and 202 °C
were sufficiently isolated. In this case, it was possible to
calculate the following parameters:® = 51.66, t = 29.00, &
= 22.66 and u = 0.44. After that, the value of i = 0.44 was
projected on the graph in Figure 2, which yielded one
values for the kinetic order b = 1.15 for the peak at 202 °C.
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Fig.6: Peak shape methods in glow peak of amethyst

exposed to 25 kGy.

Figure 7 shows the TL glow curve after deconvolution.
This result suggests that the TL glow curve of amethyst
exposed to 25 kGy consists of four overlapping peaks,
three of them in the region between 125 °C and 275 °C, as
shown in Figure 7(a). According to Figure 7(b), the Figure
of Merit (FOM) presents a degree of similarity between
the theoretical and experimental curves indicating a good
result with FOM = 2.5%. The FOM values in the range
2.5% to 3.5% are acceptable and indicate only small flaws
in the method [28]. The peak shape expressions for general
order were used in the isolated main peak at 200 °C
(Figure 8). Thus, were obtained the parameters: = 48.19,
T =25.91, 8 =22.28 and u = 0.46. The value of x = 0.46
was projected on the graph in Figure 2for the kinetic order
b=1.32.
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Table 1 summarizes the values of the activation energy
(E) to the glow peak before and after deconvolution. These
results were obtained by using the Equations 1, 2, 3 and 4.
The calculated values of the activation energy as a
function of the geometric parameters (o, T and &) showed
only a small variation around 0.2 eV between the peaks at
202 °C and at 200 °C. The average activation energy (Ea)
for the glow peak at 202 °C was equal to 0.93 £ 0.02 eV
and 1.10 + 0.02 eV for the peak at 200 °C.

Table 1 - Activation energy (E) values: peak at 202 °C and
at 200 °C after deconvolution
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Tn(°C)  EueV) EdeV) EseV) Ea(eV)
202 094 091 095 093+002
200 110  1.08 111 110002

Table 2 presents the frequency factor (s) and lifetime
(t) values considering general order kinetics. To calculate
the frequency factor, the average activation energy (Ea)
and kinetic order (b) were used in Equation 5. The mean
lifetime was estimated at 25 °C (298 K) room temperature
by using the Equation 6.

Table 2 - Frequency factor(s) and kinetic order b values
Tm (°C) b Ea(eV) s(s?h) t (days)

202(475K) 115  0.93 1.72x10°  35.45

200 (473 K) 1.32 1.10 147 x 10 311.76

The differences found in the activation energy (Ea) and
kinetic order (b) values interfere significantly in the
calculation of frequency factor (s). As a consequence, the
calculated lifetime at room temperature for the glow peak
of amethyst is also affected. Before the deconvolution
procedure, the mean lifetime for the peak at 202 °C was
approximately35 days. However, the calculated lifetime
for the peak at 200 °C after deconvolution was around 312
days, suggesting a longer lifetime. The divergence in the
results suggests that the peak at 202 °C may not be isolated
enough for analysis with the peak shape methods.

In the powdered amethyst from Turkey (grains size 90x
140 um), the main peak at 270 °C decay 14% after 7 days
of stored at room temperature of 25°C (298 K) [14]. After
that, no significant fading effect was observed around one
month [14]. This result is more compatible with the
lifetime calculated for the peak at 200 °C showed in Table
2.

In another study carried out in quartz from Japan, the
parameters E = 1.07 eV and b = 1.32 for the TL peak at
192°C were observed after deconvolution [15]. These
results are similar to the values of E and b for the peak at
200 °C shown in Table 2. On the other hand, in a natural
quartz from Brazil, it was observed for the deconvoluted
peak at 200 °C the parameters E = 1.28 eV and b = 1.38. In
this case, a mean lifetime of 82 years was obtained at room
temperature of 18 °C [16].

According to other authors, the fading observed after
about one month of storage does not prevent the use of the
amethyst for dosimetric applications [14]. In addition, the
amethyst has the advantage that it can be reused without
any substantial loss in sensitivity and various publications
suggest the feasibility of utilizing the luminescence
properties of amethyst for dosimetry purposes in high
doses [14, 17, 18].
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(AVA CONCLUSION

By using the peak shape methods, it was observed a
difference in the values of the kinetic parameters b, E and s
before and after the deconvolution procedure. Different
values of kinetic parameters directly interfere to calculated
lifetime of the glow peak at 202 °C of amethyst
investigated.

The mean lifetime found at room temperature of 25°C,
before and after deconvolution, were of the order of 35 and
312 days, respectively. These divergent results show the
importance of the deconvolution to analysis of glow peaks
that are not sufficiently separated.

It is important to highlight that no study has been found
until now that investigated the kinetic parameters of the
glow peak at 202 °C of amethyst from Lajeado exposed to
high dose of gamma radiation. Therefore, further studies
are still necessary that can affirm these preliminary results.
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concentrations of S. aromaticum EO were added to a fermented milk drink
and the effect on the conservation of the microbiological and
physicochemical quality of the product during storage was evaluated.
Headspace analysis identified four bioactive chemical compounds from
the EO of S. aromaticum in the fermented milk drink, namely eugenol, f-
Caryophyliene, a-Humelene and copaene. The microbiological and
physicochemical stability parameters of the fermented milk beverage were
maintained during storage, indicating that the EO of S. aromaticum
contributed to the maintenance of the quality of the manufactured product.
In conclusion, the addition of S. aromaticum EO at concentrations of 10,
20 and 30 pL/mL in fermented milk drink helped to preserve the quality of
the product in storage. In addition, the milk matrix does not interfere with

the presence of bioactive chemical compounds in the oils.

I.  INTRODUCTION

In recent years, the general population has been
concerned about consuming healthier foods, which favor
physical well-being and prevent the risk of diseases [1]. As
a consequence, there was a reduction in the intake of
processed foods, especially due to the presence of
potentially carcinogenic preservatives [2]. In this sense,
replacing the use of synthetic preservatives with “natural”
components makes essential oils a potential alternative
[3.4].

Essential oils (EO), known as volatile or ethereal
oils, are volatile, hydrophobic and rarely colored aromatic
compounds, originating from the secondary metabolism of
plants [2,5]. According to Worwood (2016) [6], EO have
several therapeutic functions such as anti-inflammatory,
antiseptic, tonic, antispasmodic and diuretic activity. In
addition, studies report antimicrobial effects in controlling
pathogenic microorganisms [7-9].

Due to their medicinal characteristics, EO have
been used as a natural preservative in dairy products and
other food matrices [10-12]. Clove (Syzygium aromaticum
L.) is one of the most valuable spices since antiquity, being
widely used in traditional foods and medicines around the
world [13]. The S. aromaticum EO is extracted from the
dried flower bud of the plant and has several activities,
demonstrated so far, such as anti-infllmmatory,
antimicrobial, antibacterial, antiviral [14], antioxidant and
antifungal [15], due to the presence of bioactive chemical
compounds such as eugenol and other phenolics [2].

Although there are several studies that report the
use of EO as a preservative in dairy products and stored
foods, so far, there are no scientific reports on the use of
EO from S. aromaticum in the conservation of fermented
milk drinks and, therefore, studies in the area should be
carried out. In view of the above, the objective of this
study was to evaluate the effect of the addition of EO of S.
aromaticum on the conservation of the microbiological
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and physicochemical stability of fermented dairy beverage
during storage.

1. MATERIALS AND METHODS
2.1 Materials

Whey and UHT milk were purchased from the
local market. For the fermentation of the dairy beverage, a
culture Direct Vat Set (DVS) containing lyophilized mixed
strains of Streptococcus thermophilus and Lactobacillus
delbrueckii ssp bulgaricus (YoFlex Harmony 1.0 —C.H,
Horsholm, Denmark) was used. The EO of S. aromaticum
was provided by Ferquima (Vargem Paulista, SP, Brazil),
as adopted by Farias et al. (2019) [16]. The other
ingredients used in the formulation were purchased from a
local establishment. All reagents used in this study were of
analytical grade.

2.2 Production of fermented milk drink added with S.
aromaticum EO

Four formulations were developed according to
Figueiredo et al. (2019) [17], with modifications. The
developed formulations contained concentrations of 10, 20
and 30 pL/mL of S. aromaticum EO and a control
formulation added with the preservative potassium sorbate.

The drinks made consisted of 44.5% UHT whole
milk, 44.5% reconstituted whey (15%), 10% sucrose and
1% modified starch. This first mixture was heat treated (65
°C for 30 minutes), with subsequent cooling (43 °C) and
inoculation of 0.1% of thermophilic DVS lactic culture,
containing mixed strains of Streptococcus thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus, in the
form of lyophilized granules. Then, the mixture was
incubated at 43 °C in a BOD oven (model EL202/4E) until
the moment it reached pH 4.60 and clot formation, with
subsequent cooling at 5 °C for 5 hours.
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Then, the clot was agitated and S. aromaticum EO
was added, with subsequent homogenization. For the
control formulation, 0.003 g/mL of the preservative
potassium sorbate was added. Beverages were packaged in
one-liter hermetically sealed plastic packages, labeled and
stored under refrigeration (5 °C) until analysis.

Stability of the fermented milk drink during
storage evaluate the stability of dairy beverages,
microbiological and physical-chemical tests were carried
out during a 28-day storage period. The analyzes were
performed using a randomized block design (RBD), with
three replications for the concentration of essential oil
formulations and one for the control formulation.

2.3 Microbiological analyzes

The microbiological analyzes were performed
according to the methods described by APHA (2015) [18].
The presence of total and thermotolerant coliforms was
determined using the series of 3 multiple test tubes, and
the results were expressed as the most probable number
(MPN) per mL. The viable lactic acid bacteria count was
assessed by MRS agar plate counting and incubated in
anaerobic conditions at 37 °C for 72 hours. Results were
expressed in colony-forming units (CFU) per mL.

2.4 Physicochemical analysis

The physicochemical analyzes were performed
according to the methods adopted by AOAC (2000) [19].
The determination of pH was carried out at room
temperature (25 + 2 °C) using a digital pH meter (model
LUCA-210). For acidity, 10 mL of sample was diluted in
10 mL of distilled water and titrated with NaOH solution
(0.1M). Results were expressed in g lactic acid/100g
sample.

The analysis of protein and fat contents was based
on Kjeldahl and Gerber methods, respectively [19]. The
syneresis index was determined using the method
described by Amaya-Llano et al. (2008) [20].

2.5 Headspace analysis

Product headspace analysis was performed
according to Aguiar et al. (2014) [21], with modifications.
The headspace flasks (20 mL) containing the product (1
mL) were transferred to the autosampler (HS combi-PAL)
where they were homogenized (500 rpm), incubated (75
°C, 5 minutes) and the volatile substances extracted by
static headspace. The injection volume was defined (1000
uL) and the syringe was preheated (75 °C).

Agilent Technologies (7890A) system coupled to
a mass spectrometer (MS 5975C) equipped with a DB-5
MS fused silica capillary column (30 m x 0.25 mm x 0.25
um) and helium (flow 1 mL min-1) as carrier gas was used
for the identification analysis of volatile chemical
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compounds. The temperature was programmed from 60 °C
to 240 °C, with an increment of 3 °C min-1. The system
was operated in scan mode (monitoring) with electronic
impact at 70 eV, in a range from 45 to 550 (m/z).

The generated data were analyzed using the MSD
Chemstation software together with the NIST library
(National Institute of Standards and Technology). The
relative abundance (%) of the total ions referring to the
compounds was calculated from the peak area of the
chromatogram (GC) and organized according to the
elution order. The percentage of each component was
calculated from the normalized mean of the chromatogram
area. The identification of compounds was performed by
comparing the mass spectrum with that of the NIST library
(2.0, 2009) and compared with information from the
literature [22].

2.6 Statistical analysis

Statistical analyzes were performed using the R
software. For the microbiological results of total coliforms,
thermotolerant coliforms and lactic acid bacteria counts,
these were transformed into counts for Log X + 1, and beta
regression was used, in the link function (logit). For the
comparison of means, the Dunnett test was used at a 5%
significance level.

To study the effects of oil concentrations in dairy
beverages, the multiple regression methodology was used.
In this analysis, the statistical model was considered: zi = a
+ bxi + cxi2 + dyi + fyi2 + gxiyi + hxiyi2 + ei. To estimate
the regression coefficients, the least squares method was
used, with the help of the Im function of the R software.

For the selection of the best fitted models, the
Akaike information criterion (AIC) was considered, in
which models with lower estimates are preferable. From
the regression models, the values predicted by the predict
function were obtained and from these values the response
surface graphs were created using the SigmaPlot V11
software.

I, RESULTS

Headspace analysis revealed the presence of four
chemical compounds in the fermented milk beverage
added with S. aromaticum EO during storage for 28 days
(Table 1). These results show that the milky matrix of the
beverage did not interfere with the presence of bioactive
compounds in the oil.
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Table 1. HS-GC-MS analysis of the dairy beverage after 1, 14 and 28 days of preparation with the addition of clove essential
oil (Syzygium aromaticum).

N° RT Compounds bStructure ¢MF Characteristic ions Samples
(m/z) detected
164 (M*100),
oH 149(36),  137(20), Clove
133(19), 131(19), essential oil
r 30 Eugenol 4§>\\/JE:::I: CoMiO2 10100).  103(32),  (control), all
S 91(27), 77(30),  analyzed
55(12)
204(M* 24), Clove
161(100), 119(91), essential oil
105(89), 93(43), (control), all
2 316 Copaene Cubae  9203)  01(39),  analyzed
81(22), 77(18),
55(12)
204(M*20), Clove
189(43), 175(15), essential oil
p- 121(35), 120(46), (control), all
3 39.2 Caryophyllene CasHs 119(50), 109(20), analyzed
107(53),  106(35),
105(72)
204(M*10),
147(20), 122(9), Clove
121(32), essential oil
4 403 a-Humelene CasHzs 119(12),109(13), (control), all
107(20),  105(15), analyzed

94(14), 93(100)

aRetention time in minutes; Structure; ®MF: Molecular formulae. Information obtained from the NITS 2.0 library.

According to Lambert et al. (2020) [23] the main
constituent of the EO of S. aromaticum is eugenol
corresponding to about 61% of the chemical composition.
In addition, B-Caryophyllene and a-Humelene compounds
are found in smaller amounts of 19.95% and 2.87%,
respectively. Chaieb et al. (2007) [24] detected 36 EO
compounds from S. aromaticum, in which eugenol
(88.58%) traces of copaene were found in higher
concentration and quantities (<0.01%). Other studies also
describe eugenol as the most common bioactive compound
in the EO of S. aromaticum [2,13].

The effects of S. aromaticum EO on the
microbiological indicators of the fermented dairy beverage
are represented in Figure 1. According to these results, the
minimum quality requirements of dairy beverage for total
coliforms (Figure 1A) and thermotolerant coliforms
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(Figure 1B) were maintained, as recommended by Brasil
(2005) [25]. The lactic acid bacteria count (Figure 1C)
remained above the values of 106 CFU/g, indicating that
the oil concentrations did not interfere with the viability of
these microorganisms.

Figueiredo et al. (2019) [17], evaluating
fermented dairy beverages with pulp from cerrado fruits,
found viable lactic cell values greater than 106 CFU/mL at
21 days of storage. According to Kechagia et al. (2013)
[26] the minimum concentration of 106 CFU/g of viable
cells is generally accepted for probiotic products. In this
sense, the results show that the dairy beverage with EO of
S. aromaticam is a potential probiotic product.
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Lactic bacteria x 107

Fig.1. Effect of S. aromaticum EO concentration on
microbiological parameters of fermented milk beverage.
Total coliforms (MPN/mL) (A), Thermotolerant coliforms
(MPN/mL) (B) and Lactic acid bacteria (CFU/mL) (C).
Evaluation day: 1= 1st day of storage; 2= 7th day of
storage; 3= 14th day of storage; 4= 21st day of storage;
5= 28th day of storage.

Regarding the effect of S. aromaticum EO on the
physicochemical parameters of the fermented milk
beverage, the results are shown in Figure 2. The syneresis
values (Figure 2A) ranged from 8 to 26% during storage.
Syneresis is an important factor in consumer acceptance of
the product. This phenomenon is characterized by the
contraction of the gel network resultingin decreased
viscosity and gel strength [27].

A value of 25.33% of syneresis in a fermented
dairy beverage with caja-manga pulp was found at 14 days
of storage [28]. According to Aportela-Palacios et al.
(2005) [29] ideal syneresis values should be below 39%.
Taking this into account, the syneresis results (Figure 2A),
of the present study, show that the addition of EO from S.
aromaticum does not cause a high increase for this
parameter in the dairy beverage, thus being within the
ideal values defined by Aportela-Palacios et al. (2005)
[29].
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Fig.2. Effect of S. aromaticum EO concentration on the
physicochemical parameters of the fermented milk
beverage. Syneresis Index (%) (A), pH (B), Acidity (g
lactic acid/100g) (C), Protein (g/100g) (D) and Fat
(9/100g) (E). Evaluation day: 1= 1st day of storage; 2=
7th day of storage; 3= 14th day of storage; 4= 21st day of
storage; 5= 28th day of storage.

The pH values (Figure 2B) ranged from 4.06 to
4.55, being within the appropriate pH range (3.6 to 4.6) for
post-processing condition of lactic acid bacteria [30].
Regarding acidity (Figure 2C) the values ranged from 0.66
to 0.95 g of lactic acid/100g. Souza et al. (2020) [28],
studying the physicochemical stability of a dairy beverage
fermented with caja-manga pulp, observed pH values
ranging from 4.18 to 4.31 and acidity between 0.81 to
0.80%, during storage for 14 days.

The protein values (Figure 2D) observed for dairy
drinks were within the acceptable range established by
Brasil (2005) [25], which recommends minimum values of
1.7 g/100g of protein for dairy drinks. Dias et al. (2013)
[31], evaluating a symbiotic fermented dairy beverage,
found a protein value of 1.86 g/100mL of the product.
According to Day (2016) [32] proteins are important
macronutrients and make up around half of the dry weight
of the human body. Accordingly, Cho and Jones (2019)
[33] reinforce that proteins are an essential nutrient for the
development and maintenance of human beings, in
addition, they are considered an alternative in the
development excellent food matrices.

Regarding the fats (Figure 2E) the levels varied
between 1.0 and 1.5 g/100g of the product. However, fats
are nutrients that cannot always be considered as a
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negative attribute in food products. According to Luca
(2019) [34], fats are important macronutrients, being
responsible for providing 35% of total caloric intake,
especially in the form of triacylglycerols (TGs). In
addition, they provide calories, essential fatty acids (EFA)
and contribute to the palatability of foods.

V. CONCLUSION

The addition of S. aromaticum EO at
concentrations of 10, 20 and 30 puL/mL in fermented milk
drinks helped to preserve the microbiological and
physicochemical quality of the product during storage. In
addition, the milk matrix does not interfere with the
presence of bioactive chemical compounds in the essential
oils. However, it is essential to investigate higher EO
dosages of S. aromaticum in dairy beverages. In addition,
sensory tests must be carried out to verify the acceptance
and influence of the addition of S. aromaticum EO on the
flavor of the products.
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Abstract — Dairy farming plays a crucial role in Brazilian agribusiness
and contributes to the country’s employment and income generation.
Moreover, the state of Bahia is the largest consumer market for dairy
products in the northeastern region of Brazil. On the other hand, it has
been observed that rural producers have low productivity and
competitiveness. In addition, there is a need to implement mechanisms to
support the competitiveness of agribusinesses and the production sector
from the perspective of food chains, based on the evaluation of factors
related to intangible resources, given their importance to the economy. In
this scenario, this article aims to present a Management Model for Small-
Scale Dairies in the context of the Milk Agro-industrial System of Bahia
(SAG Leite). To this end, we visited companies and rural producers and
applied the Intellectual Capital Statement — Made in Europe model (InCaS)
to evaluate the maturity level of the actors involved. To conclude, we
present the Management Model for Small-Scale Dairies, which involves (i)
stakeholders; (ii) information and knowledge; (iii) methods, tools, and
technology; (iv) indicators and results; and (v) processes.

l. INTRODUCTION

Agribusiness accounts for 21% of Brazil’s Gross
Domestic Product (GDP). It is one of the cornerstones of
the country’s economy and constitutes the so-called
“Green Belt.” Dairy farming stands out as the fourth most
important economic sector in the national ranking, with
US$ 10 billion in total annual revenues, according to the
Census of Agriculture by IBGE (2017) [1], which makes
the country a key player in the global commodities market.

In 2017, Brazil had the largest cattle herd globally,
with 232 million head. Indeed, agricultural production

WWwWw.ijaers.com

(60% of which comes from dairy farming) is the basis of
the economy of 90% of the country’s municipalities
(IBGE, 2017) [1]. However, production costs and inferior
quality hinder the global competitiveness of Brazilian milk
(Monteiro, 2020) [2].

According to Zacarchenco, Van Dender, and Rego
(2020) [3] and the Union of Dairy Industries and Products
Derived from Milk (Sindileite) (2018) [4], there is a trend
toward the consumption of dairy products with high
nutritional density, probiotics, prebiotics, fiber, and low fat
and lactose.
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The opening of the Chinese market for Brazilian milk
powder and cheese has led to a need to improve the
relationship between producers and plants, as reported by
Gl (2019) [5] and the Brazilian Dairy Producers
Association (Abraleite) (AGROemDIA, 2019) [6].

Also based on the 2017 Census of Agriculture by IBGE
and the Federation of Industries of the State of Bahia
(FIEB), the state produces about 40% of the milk in
northeast Brazil and is the largest consumer market for
regional dairy products. This scenario reflects the
economic imbalance caused by the low productivity and
competitiveness of the state’s dairies, which needs to be
analyzed and corrected.

The first problem concerns the imbalance between
demand and supply in the commodities market, which, in
turn, requires increased productivity.Another issue is the
lack of mechanisms to support agro-industry
competitiveness and parameters to measure the level of
development of the relations between the production chain
and the market.

In this context, this article aims to analyze the context
of Bahia’s Milk Agro-industrial System (from now
on,“SAG Leite”) and propose a Management Model for
Small-Scale Dairies operating in the state. Primary data
were collected through interviews conducted with dairy
producers and plants. In addition, a questionnaire based on
the InCaS instrument (Intellectual Capital Statement) was
adapted to the reality of SAG Leite in order to diagnose it
and measure its level of development.

Then, a proposal for the Management Model was
prepared, based on the generation of knowledge and under
the monitoring of indicators and/or parameters determined
from the European concept of Initiative for Sustainable
Productive Agriculture (INSPIA).

1. THE COMPETITIVENESS OF BRAZIL’S
MILK AGRO-INDUSTRIAL SYSTEM

According to the concept of Davis & Goldberg (1957)
[7], agribusiness is “the sum total of all operations
involved in the manufacture and distribution of farm
supplies; production operations on the farm; and the
storage, processing, and distribution of farm commodities
and items made from them.” The rural complex is a corpus
of specialized, independent entities linked to rural
production.  Agro-industrial systems also refer to
“agribusiness,” systems, chains, complexes, clusters,
supply chains, and productive arrangements.

Among the agro-industrial systems, SAG Leite stands
out for its long tradition of livestock farming, its
importance for human nutrition, and the socio-economic
impact of its economic activity. It features a standard
design that shows the input suppliers (feed, for example),
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the dentro da porteira (“farm inputs”) modality of
production, the transportation, the dairy plant (processing
and packaging), the distribution, and the consumers, as
shown in Figure 1.

Processing Packaging

Milk
Transport

Distributi
Milk Supply Chain il

The Dairy Value Chain

Milk
Production

Production
of feed
for cows Consumer

Fig.1 — Milk Agro-industrial System (SAG Leite)
Source: Rodrigues-Enriquez, Alor-Hernandez & Sanchez-
Ramires in ResearchGate(2015) [8]

Agro-industrial systems must be addressed in terms of
their relationships and knowledge sharing to construct a
management model that leads to competitiveness.

According to Zylbersztajn (1995), in an agro-industrial
system, it is paramount to adopt a coordination structure
responsible for minimizing costs, including the transaction
costs necessary to drive the economic system and the
prices to be charged. This coordination structure is based
on market conditions, public policies, cooperative actions,
joint ventures, and industry-producers integration and can
facilitate or hinder the promotion of mechanisms to meet
consumer demands based on the transmission of
information and the reduction of transaction costs through
quality control and production incentives.

High transaction costs indicate that the governance
structure is carried out by the market with no contracts.
Economic inefficiency occurs because the actors are
independent and there are no economies of scale and
scope; that is, prices alone fail to help coordination. If all
the actors have the same perception of competitiveness,
income will increase for all (ZYLBERSZTAJN, 1995)
[10].

The industry is the driving force of value addition and
has expanded its role and performance as a dynamic factor
of the agro-industrial system. Therefore, it emerges as a
natural actor to coordinate the chain and be in charge of
the transaction costs of the economy, as proposed by
Zylbersztajn (1995) [10], when answering a question by
Coase (1988) [11]: “Why is not all production carried on
by one big firm?”.
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The dairy industry is one of the most regulated sectors
in the economy, which increases production costs.
Therefore, it is crucial to reduce transaction costs so that
the agro-industrial system can be competitive by
considering the three competitive strategies pointed out by
Porter (1986), namely cost leadership, differentiation and
focus).

Distribution is the closest link to the consumer and
points to information and trends, such as replacing
products with low aggregation for those with higher added
value (yogurts and dairy drinks, for example). In addition,
one must consider cultural, economic, and socio-
demographic characteristics. When projecting the results
of the SAG Leite (which has oligopsony characteristics)
from the viewpoint of market competition (which is an
indispensable factor for the success of any enterprise), it is
paramount to share information (feedback) with all agro-
industrial components in the opposite direction of
economic transactions.

As for competitiveness in agribusiness, the ongoing
transformations have resulted in profound implications for
organizations and production agents, among which we
highlight the international trade intensity, the decreased
protection for regional and national economies, and the
pace of scientific and technological development, which,
in turn, enables the dissemination of knowledge.

lafelice (2021) [14] analyzed the concept of Davis &
Goldberg (1957) [7] by comparing it with the current
reality (referred to as the “New Form”). The author noted
that after World War |I, the expansion of global
agricultural trade and the increase in productivity implied
the use of agrochemicals, non-renewable fuels,
technology, and specialization of supply chain actors on a
larger scale. In addition, that study pointed to the increased
interference of the financial system in the commodity
market and the opening of the Chinese and European
markets (we must consider that China First has been
around for 5,000 years). The author also addressed the
consequences of the COVID-19 pandemic, highlighting
the need to employ competence, intelligence, diligence,
and resilience to reorganize the world’s agricultural
production (especially the Brazilian one) amid an
emerging scenario of rules, trends, possibilities, and
resulting limitations.

The effect of innovation in SAG Leite must be
analyzed. Gunday et al. (2009) [13] dealt with the
innovation and the performance of companies (or Agro-
industrial Systems) and considered that “innovation is
broadly seen as an essential component of
competitiveness, embedded in the organizational
structures, processes, products and services within a firm”
(GUNDAY et al., 2009) [13]. In the scope of SAG Leite,
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innovation has been imposed by competition (from the
introduction of differentiated products), putting pressure
on profit margins and leading, in turn, to the need to
increase sales volume through efficient distribution.

In this scenario, the competitive advantage for SAG
Leite will derive from an adequate definition of the
Management Model, which focuses on results and/or
processes (PUCRS Onlinge, 2020) [15].

According to the IBGE Census (2017) [1], since the
2000s, Brazilian milk production has reached 34 million
liters/year. This resulted from the increase of investments
in genetics, feeding, and logistic infrastructure for product
conservation and the implementation of stricter legislation,
all of which forced the improvement of quality and
leveraged the amount of processed milk, according to
Chart 1.

An important parameter is the lack of uniformity in
productivity per cow/year reached in the largest producing
states in Brazil, which reveals the lack of management
homogeneity. Interestingly, the productivity, especially in
the southern states of Brazil, is similar to that obtained by
Uruguay and New Zealand, which are major players in the
world market. However, there is a potential for growth in
the other states, highlighting the importance of structuring
and articulating the various actors.

Chart 1 — Brazil: evolution of national milk production (in
billion liters)
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(1) Municipal Livestock Survey; (2) Quarterly Milk
Survey

Source: IBGE, 2017 [1]

We must emphasize the semi-extensive management
system, typical of Brazil, which resorts to little feed
supplementation during dry seasons and periods. The few
producers assisted by rural extension adopt more modern
exploitation techniques such as the storage of concentrated
volume or green fodder (such as silage), irrigation, and
pasture rotation. The use of feed supplementation (or the
adoption of the confinement system) contributes to
increasing costs and investments, consequently reducing
the competitiveness of the farm.
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Farm technology impacts the qualified supply of
products. The difference between the volume produced
and the volume processed is an aspect that deserves
highlighting and is a direct consequence of the lack of
quality of raw milk.

In 2017, the Brazilian dairy industry had a production
capacity of around 24 billion liters per year, far above the
volume effectively milked and processed, according to
IBGE’s Census of Agriculture; in other words, the sector
operates at idle capacity.

I11. PRIMARY RESEARCH ON THE MILK
AGRO-INDUSTRIAL SYSTEM IN BAHIA

To diagnose the reality of dairy farming in Bahia from
the perspective of the Milk Agro-industrial System (SAG
Leite), a questionnaire was elaborated to be answered by
producers and agribusiness representatives as follows:

a) Indastria Campanella Alimentos Ltda (Palmas de
Monte Alto, in the microregion of Guanambi, in the
Center-South of Bahia):

Campanella Alimentos Ltda started its activities in
1996, with the distribution of cold cuts, through a
commercial representation established in Salvador, Bahia.
In 2001, the company inaugurated the dairy plant to
produce derived products such as cheeses, yogurts, drinks,
sweets, and pasteurized milk.

Aiming at the sustainable development of the
communities, the Campanella group provides technical
support to the producers of associations and dairy basins in
the region of Palmas de Monte Alto and neighboring
municipalities under no integration regime.

Raw milk (90%) comes from family agriculture and is
collected in trucks equipped with isothermal tanks. The
raw material goes through a mapping process and quality
control in the company’s laboratory, which has
reducedmilk acidity (before, only 20% of the milk
received was used, but now only 10% is discarded).

To expand commercialization, a showroom was set up
to sell products, mainly cheese. In addition, the planting of
grapes to produce wine and add value to cheeses has been
encouraged, and investments have been made in the
technical improvement of workers and suppliers.

As for competitiveness, the owner of this company
pointed out the lack of collaboration among dairy plants,
considering the need to improve productivity in the field
and the quality of the milk, given the region’s potential.
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b) Fazenda e Granja CarinholLtda — Laticinios Bahia
(Carinho Farm, BR 122 Highway, km 7, Pindali, in the
microregion of Guanambi, in the Center-South of
Bahia):

Fazenda e Granja CarinhoLtda (Laticinios Bahia) was
established in 1993 and has 35 employees. It works with
milk produced by small producers in the region.

The agro-industry plant can receive 11,000 liters of
milk per day on average but processes 7,000 liters in the
dry season and operates at full capacity during the rainy
season. At the time of this study, it paid producers
US$0.40 per liter of milk. The farm has its personnel to
regulate plant production.

Even though there are no formal integration contracts
with small producers, the company provides technical
assistance through an agronomic engineer who visits the
properties and teaches producers how to plant grass and
forage crops more suitable to the region, such as andu
beans, in order to improve the animals’ nutrition.

Due to the high costsin SAG Leite, particularly the
inputs, the company installed a photovoltaic energy
generation system.

Bahia dairy products are considered of decent quality
and very competitive. However, the businessman in charge
understands that a state policy for technical assistance and
genetic improvement must be implemented, such as the
one adopted by the Municipality of Pindai, which provides
high standard matrices and technical guidance on the
farms.

¢) Cooplar — Cooperativa de Lagoa Real Ltda (Lagoa
Real, in the Center-South of Bahia):

Cooplar is a successful case in a very dry region,
characterized by poor soils and inappropriate natural
vegetation, requiring milk to be produced on a
supplementary feeding basis.

The cooperative has 160 active members and
participates in the Federal Government’s Fome Zero
program. This means that it must process the milk
collected for consumption in the municipality after
processing by the dairy plant.

The agro-industry canprocess 15,000 liters of milk per
day, but its current output is 3,000 liters, reinforcing the
need to expand production at the field level and the milk
quality. Thus, as the genetic consistency of the herds is
low, an improvement program must be put in place. Thus,
Cooplar has selected breeds that best adapt to the dry
characteristics of the region and disseminated the practice
of artificial insemination (although at low intensity).
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As for supplies, a 60-kilo sack of corn costs U$ 22.00,
and a sack of cottonseed costs U$ 0.54. On the other hand,
producers are paid $0.35 per liter of milk, which hampers
production, even when they count on the subsidy offered
by the Fome Zero program. Collecting milk on farms
raises costs even higher. A few producers get the milk
from the farm to the plant in inadequate storage and
transport conditions. It is worth mentioning that some
middlemen work collecting the milk in the region.

Cooplar makes the farm viable due to its lean
administrative structure and efficient management that
contributes to cost reduction, allowing the company to
manufacture products well accepted in the market. We
should also point out that through the Fome Zero program,
the dairy plant receives around U$ 0.19 per liter of milk
processed and delivered to the municipalities.

Expansions have been made in the plant, such as the
acquisition of machinery and trucks, with resources
totaling U$ 400,000, allocated from the Bahia Produtiva
program organized by the World Bank to improve milk
production. In addition, funding has been requested to hire
a veterinarian to provide technical assistance services.

d) Coopag-Cooperativa de Produgdo Agropecuaria de
Jil6 e Regido Ltda (Varzea Nova, Piemonte da
Chapada Diamantina):

Coopag is the largest agro-industry in the region of
Vérzea Nova and Miguel Calmon, between the
municipalities of Jacobina and Morro do Chapéu. It has a
daily reception capacity of 16,000 liters and contributes to
closing the productive chain in such a poor and arid
region.

Coopag’s products are made with selected raw
materials, go through rigorous control, and their quality is
recognized in the market.

The fact that small cheese dairies are not certified by
the Sistema de InspecdoEstadual (“State Inspection
Service,” SIE) prevents them from being more aggressive
in the market. As small producers are forced to sell their
products to large dairy plants that buy milk in the region at
very low prices, such as Betania and Canastra, production
becomes unviable due to high costs.

In this scenario, a strong feature of Coopag is the
approximation with the region’s small producers, which
allows providing technical assistance and supporting the
production and the collection of the product.

The dairy has a project to expand the structure for
cheese production using funds granted by the Bahia
Produtiva program. A strategy that has been successfully
implemented is the purchase of fruit from regional
suppliers to produce yogurts and pulps.
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e) Industria Leitissimo S/A (Jaborandi, West Region):

The result of a meticulous work of almost 20 years,
carried out by New Zealand entrepreneurs with expertise
in dairy farming, Leitissimo is based on the border
between Goias and Bahia and has stood out in the market
for the quality of its product (Leitissimo, 2020, and Globo
Rural, 2020) [16] and [17].

At first, the breeding cows were genetically adapted to
the tropical climate and selected from crossbreeding
(artificial insemination) with the “KiwiCross” breed. This
allowed a high average daily productivity without
supplementary feeding, thusreducing production costs. The
farm has an infrastructure focusing exclusively on field
exploration, with irrigated pickets from a center pivot.

According to the farm manager, the highlights at the
field level are:

e Low labor turnover, which increases involvement
with the production and fosters continuous
learning.

e A unique herd (selected and trained on the farm),
free of tuberculosis, brucellosis, and other
zoonoses, which increases productivity (milk is
not collected off the property) and a competitive
edge as to its lineage.

e The strategic location of the farm, at an altitude of
800 meters and surrounded by a natural reserve
(75% of the total area), which provides isolation
from other farming activities, reducing contagion
and ensuring the control of the production process
by adhering to health surveillance standards.

The production model is similar to that in New
Zealand, where the high incorporation rate of
technological improvements differentiates dairy farming
from that practiced in other countries. In New Zealand,
milk is produced on fertile land, with abundant water, in
the field, and an adapted cattle herd based on the
KiwiCross breed, resulting from the crossing and genetic
adaptation of small Dutch cattle and Jersey breed. The
production is carried out entirely in the field and results in
a large volume of high-quality milk (with high solids
content) and a reduced unit cost, which, in turn, increases
the country’s competitiveness worldwide.

f) Rural Producer “A,” from Candiba:

The farm structure is adequate, has a reasonable level
of mechanization and automation, and is equipped with a
mechanical milking machine.

The producer uses complementary feed based on seed
(bought in Barreiras, at U$ 0.40 per kilo), mixed with
silage stored in large volume (seven silos ensure the feed
during the dry season).

Page | 125


http://www.ijaers.com/

Silva et al.

The animals have achieved an adequate level of genetic
consistencydue to continuous selection. The farm adopts
artificial insemination and natural mating using high
standard bulls born from mothers and grandmothers
selected for their high-yielding capacity.

The business operates as a family farm. The producer
has a satisfactory level of knowledge but no controls. The
management is performed instinctively and must be
improved to contribute to the farm’s efficiency.

The commercialization is assured by a partnership with
Da Vaca dairy in Guanambi, which collects the milk stored
in the expansion tank (including the region’s production).

g) Rural Producer “B,” from Barreiras (West Bahia):

The operations are based in a small property with less
than 100 hectares, with five (5) employees and 50 breeding
cows producing about 350 liters. The facilities, machinery,
vehicles, and equipment are adequate, and the producer
adopts adequate controls and computerized processes.

The producer acquires knowledge through the internet,
is not a cooperative member, is not integrated with
agribusinesses, and is paid according to the volume
produced (no formal contract). The milk produced on this
farm has 4.18% of solid content and is stored in expansion
tanks.

According to the producer’s view, the productive chain
has relative competitiveness, and a positive change in the
profile of dairy production in the region has been detected.
However, he stresses the need for government intervention
to improve productivity, as he considers technical
assistance insufficient.

V. ANALYSIS OF INFORMATION
REGARDING THE BAHIA MILK SUPPLY
CHAIN

Bahia’s SAG Leite accounts for 4% of Brazil’s gross
agricultural production and is the largest milk producer in
the Northeast (accounting for approximately 40% of the
entire region), mainly due to the exploitation of the
Cerrado biome in the Western Region. In 2017,
agribusiness accounted for 24% of the state’s GDP and
37% of exports, still according to the Census.

Bahia is one of the largest consumer markets in the
country’s Northeast region, and its demand is concentrated
in the Metropolitan Region of Salvador. The state
consumes more milk than it produces since the internal
demand totals 1.2 billion liters/year; however, the supply
reaches only 858 million liters/year (77.3 million of which
are produced in the state’s western region). In the state,
77.8% of the agricultural establishments are run by family
farmers (the largest contingent in the country), who
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occupy 32.2% of the cultivated lands and typically have
limited skills and education; moreover, their productivity
is hampered by the lack or complete absence of technical
assistance. That is, the farms are dispersed and misaligned
and do not maintain loyal relationships with agribusinesses
or processing cooperatives (IBGE, 2017).

Regarding the edaphoclimatic conditions, the state
presents a diversity of biomes (Cerrado, Atlantic Forest,
and Caatinga). However, agriculture and cattle-raising in
Bahia operate largely in the semi-arid region and are,
therefore, subject to the effects of drought.

According to IBGE (2017), producers in Bahia have
low productivity because they use outdated technology and
adopt inadequate prophylactic and sanitary practices. As a
result, their production is very low compared to world
averages, given the difficulty of enhancing farming
techniques and the challenges posed by edaphoclimatic
occurrences (such as the drought), which interfere by
reducing profitability margins. For Lacki (1996) [9],
producers make mistakes regarding factors and apply
inadequate technologies. This, in turn, means that their
unit costs are unnecessarily high and hurt their
competitiveness.

In the processing stage, even having the power to
determine the prices to be paid to producers, the agro-
industries (dairy farms and plants) resort to imports due to
the low productivity at the field level, thus implying a
decrease in competitiveness caused by the inherent costs.
Most agro-industries are small, family-based, and
informal, such as the cheese dairies. Many are not
particularly concerned about hygiene standards or raw
materials control, nor are they inspected or comply with
the sanitary legislation in force. Therefore, their
competitiveness is low and requires incorporating
technology to differentiate their product portfolio, add
value, segmentcustomers, and reach other markets.

As for the know-how required to create conditions that
can impact agro-industrial competitiveness, all research,
bibliography, and experience come from and are targeted
at the reality of the South/Southeast of Brazil, which is
completely different from that of the Northeast.

For example, the west of Bahia receives much more
sunlight than other regions, increasing green fodder
production. For this reason, differently from the South and
Southeast regions, where 30 pickets are used in rotational
grazing, in Barreiras, it is possible to operate with 24
pickets (20% less).

Most cattle ranchers have low schooling and limited
access to information and technical assistance. According
to the IBGE (2017), 78% of Bahia’s rural lands are used
for agriculture and cattle ranching, 70% of the small
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producers completed elementary school, and 80% do not
receive regular visits from extension agents.

To mitigate this situation, the Brazilian Agricultural
Research Corporation (Embrapa) created the BaldeCheio
(“Full Bucket”) program in 1998, based on rural extension
and a strong emphasis on training. The technicians linked
to BaldeCheio mentor producers, thus creating cooperation
and commitment between producers and technicians while
considering the profile of each actor involved. In Bahia,
the Bahia Produtiva program has been changing the reality
of small farms and milk producers. The program inverts
the priority, taking the focus off dairy plants and
redirecting it to the expansion of the production that will
supply them.

The beneficiaries of BaldeCheio can take the
production to the next level. For example, it has been
found that 80% of participant farms have come to produce
100 liters/day in an extensive regime, increasing the
production by 30% in the first months and 100% in the
first year. This technical supervision must go on. When
technical assistance is interrupted, the producer returns to
the starting point on almost all occasions.

Another very important change in the west region is the
introduction of associativism culture, which results in the
organization of small producers into community
associations and cooperatives, under the tutelage of the
Bahia Produtiva/AliangaProdutiva programs, managed by
the state government and funded with resources granted by
the World Bank.

The program has allowed hiring a manager for the
central cooperative in Barreiras and extension agents and
technicians to work with the associations. The professional
management combined the actions of the cooperative and
associations, allowing the collective commercialization of
milk with small dairies and increasing the small producers’
bargaining power. In addition, the growth in production
volume due to technical assistance allows the installation
of concentrators that remove the excess water from milk;
this, in turn, allows producers to sell the surplus to large
dairy plants operating in other places and therefore reduces
production costs. The association also facilitates collective
purchases, thus reducing costs.

Furthermore, overseas enterprises have installed
operations in the Cerrado biome and introduced
innovative technology locally. An example of this is the
Leitissimo company, which is run by New Zealand
entrepreneurs who settled in the town of Jaborandi about
15 years ago and adapted the production techniques used
in the New Zealand dairy industry to the conditions of the
Cerrado. However, their focus was different, and they set
out to achieve a low cost per head instead of a high yield
per animal.
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Leitissimo is the major enterprise in the region (which
is characterized by the presence of small dairy plants).
However, it will probably attract other entrepreneurs in the
future since the conditions that the west offers to make it
Brazil’s final dairy frontier.First, however, small
agribusinesses and producers must improve their
efficiency by focusing on technology and management.

While Brazilian producers strive to increase their yields
per hectare, Leitissimo works with low average
production, around 15 to 20 liters/head/day, in a pasture
regime, using Tifton grass and corn and mineralization,
and focuses on reducing product unit costs.

As for industrialization, differently from the traditional
UHT technology employed by Brazilian dairies to process
milk in carton packs, Leitissimo produces long-life milk
bottled in black film packs to prevent photooxidation and
uses no preservatives. This method increases the quality of
the product and adds more value to it. Furthermore, since
their focus is to reduce the product unit cost, when the
market is not very receptive, the surplus is sold to
Piracanjuba, a large plantin the state of Goias.

As for pricing, there is a concern in organizing the
agro-industrial system in the region, and this has been
achieved through professional meetings, seminars, and
knowledge dissemination.Indeed, an initiative developed
and managed for more than 20 years by the University of
Maringa called ConselLeite was created from one of these
meetings.ConseL eite is a software program that suggests a
fair price to milk producers based on algorithms and
confidential information provided by agro-industry
companies (i.e., the industrialization cost) and producers’
associations (i.e., the milk production cost). The
companies do not have to pay the suggested price but have
typically adopted it as a baseline. The gradual
implementation of this methodology in Bahia represents an
approximation between the industry and producers, which
has boosted the search for efficiency.

Since they are closer to consumers, retailers have the
highest profitability in the SAG Leite chain. Besides
working at minimal risk, the large chains price the
products and manage to obtain a profit margin of around
40%, compared to 20% by agro-industry companies and
10% by producers. This indicates that producers must join
forces with plants, especially small and medium-sized
ones. Therefore, the expansion of the use of ConselLeite
may contribute to making the whole chain more efficient
and shows the need to intervene in the medium and long
terms through government policy. Indeed, pro-active
producers and dairy plants have tried to achieve this,
particularly through the Federation of Agriculture and
Livestock of Bahia, which has spearheaded the efforts.
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The timing is favorable to forward this regulation
request to the Legislative Assembly and the State
Government, considering that the milk production chain is
one of the most important in Bahia and has great social
appeal. Furthermore, the deficit between consumption (1.2
billion/liter/lyear) and  production (less than 1
billion/liter/year) urges such initiatives.

As for the primary information collected, we can
highlight the following key points:

e Both producers and plants must reconsider their
view on the participation in associativism, as they
lack a greater understanding of its challenges and
benefits;

e There is an opportunity to integrate producers and
agribusinesses to exchange experiences and know-
how;

e There is a difference in perception regarding the
competitiveness of SAG Leite, according to the
producers’ and plants’ views;

e Regardless of productivity, the price paid per liter of
milk is determined exclusively by the industry and
solely considers the volume collected;

e There is practically no integration between
producers and agro-industries, and only a lateral
buying and selling relationship is maintained,;

e In terms of technology, producers store their
products in expansion tanks or cooling systems;

e Most of the know-how acquired by producers
comes from internet research and training courses;

e In turn, the agro-industries typically rely on the
internet andcourses and extension activities.

e It is worth noting the difficulty in providing rural
extension services to producers in Bahia. The
geographic extension, the lack of technicians, and
the low schooling of the producers are barriers to
achieving these goals.

e The family farmers are dispersed and misaligned in
the process and do not have loyal relationships with
the agro-industries or processing cooperatives.

e Dairies must make greater efforts to conquer the
market and maintain their competitiveness. The
adoption of innovative practices by agro-industries
is incipient.

e The processing segment is characterized as an
oligopoly and consists of medium and small
enterprises. It relies on raw materials delivered by
small producers in the state and imported powdered
milk and pays low prices to raw milk producers.

In summary, the engagement in innovative practices in
the dairy agro-industrial scenario in Bahia is limited or
non-existent. This attests to the enormous potential for
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improvement in the scope of the issues addressed herein.
The circumstances point to the need to propose a
management model that contributes to leveraging the
competitiveness of the dairy agro-industrial system in
Bahia.

The need for the agribusiness to continue to provide
ongoing support to the production link is evident, allowing
the dissemination of knowledge and incorporating good
practices throughout the Agro-industrial System.

V. USING THE INTELLECTUAL CAPITAL
STATEMENT INSTRUMENT (INCAS) TO
BUILD THE MANAGEMENT MODEL

To help to design a management model targeted at
small dairies in Bahia, considering the need for knowledge
incorporation, we resorted to the InCaS methodology,
developed by the German pilot project Wissenshilanz —
Made in Germany (led by Fraunhofer IPK, based in
Berlin) and by the European pilot project “InCasS:
Intellectual Capital Statement — Made in Europe.” The
methodology can be understood as an Intellectual Capital
Statement (InCaS), an instrument to assess, develop, and
report on an organization’s intellectual capital and
systematically monitor critical success factors.

Mertins and Will (2009)[18]analyzed the degree of
importance of the critical factors for intellectual capital
(1C) perceived by companies and what the structure of IC
in an organization would be, supported by human (HC),
structural (SC), and relational (RC) capital.

The starting point of the IC verification process is the
vision of a given organization and its strategy, considering
the possibilities and risks found in the business
environment, according to Figure 2 (Mertins& Will, 2009)
[18].

Business Environment
(Possihiltias & Risks)

Organisation Intellectual Capital

Initial Human  Swctied  Relaod Otner External
P oacitnl oot coptal | reamcurces iz

Business processes [Rupieaes

Hrowletge processes

Fig.2. Representation of the business environment
proposed by the European Commission’s Directorate-
General for Research, 2010.

Source: Mertins& Will (2009) [18]
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To develop a catalog of requirements for ICS
certification, the consortium reviewed various ICS
guidelines for companies in Europe and their correlated
auditing activities, based on a comparative analysis of non-
financial reporting frameworks by OECD.

Intellectual capital (IC) refers to the collective
knowledge acquired from the organizational and personal
routines and the relationships of a given organization
(Stewart, 1997) [19]; (Bontis, 2002) [20]. Moreover,
intellectual capital is a valuable resource that organizations
need to develop to achieve sustainable competitive
advantages (Chen, 2008) [21].

The term intellectual capital (IC) was coined by
Stewart (1991)[22], who defined it as “the sum of an
organization’s resources encompassing collective tacit
knowledge, human skills, experience and any intellectual
resource that can contribute to value creation for the
organization” (Brooking, 1997) [23].

Along these lines, several authors have proposed other
definitions for IC. According to Brooking (1997) [23], IC
consists of intangible assets that allow a given organization
to operate by introducing the combination element.
According toEdvinsson (1997) [24], IC consists of the
improvement capabilities of human beings, the structural
capital, the expertise, the relationships, know-how, and
other intangible assets. For Stewart (1997) [25], IC is “the
sum of knowledge, intellectual property and experience
held by everyone in a company, and which is used to
create a competitive edge.” It refers to the intellectual
assets (knowledge, information, intellectual property, and
experience) that can be harnessed to create wealth.

Bontis (1998) [26] categorizes intellectual capital into
three interrelated primary components: Human, structural
and relational capital, which are described as follows:

e Human capital: refers to the human factor in
organizations, such as knowledge, skills,
competencies, experience, and attitude.
Furthermore, Roos and Jacobsen (1999) [27]
added innovation and people’s talents to the list.
Human capital cannot be owned, it can only be
rented (Edvinsson& Malone, 1997) [28]. Thus, the
loss of human capital can threaten organizations
because their talents, skills, and tacit knowledge
will be lost (Roos et al., 1997) [29].

e Structural capital: refers to the learning and
knowledge acquired in everyday activities, which
is employed as the support infrastructure for
human capital (Kong & Thompson, 2009) [30].
The list of items that make up structural capital is
long and includes empowerment, organizational
capacity, physical systems, quality, the scope of
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computerized systems, corporate image, database,
organizational concepts, intellectual property,
patents, trademarks, and copyrights (Silveira &
Selig, 2001) [31]that may create value for
organizations (Bontiset al., 2000) [32].

e Relational capital refers to organizations’ formal
and informal relationships  with  external
stakeholders. In addition, it unveils the perceptions
they have about these organizations and the
knowledge exchange between both (Bontis, 1998)
[26]. Relational capital is important for an
organization because it multiplies value creation
by connecting human and structural capital with
external stakeholders (Ordonez de Pablos, 2004)
[33].

An important aspect pointed out by Roos et al. (1999)
[34] is that the way the IC is constituted for a given
organization may not be the same for another. Thus,
considering the context of this article, the IC of the milk
agro-industrial system is different from the IC of a
company in the metal-mechanic sector, for example. What
matters is that IC provides the best possible value to
organizations by combining, using, interacting, aligning,
and balancing the three previous components and
managing the flow of knowledge between them.

In this sense, considering the scope of this article, an
InCaS model was developed for the various actors
involved in the system and is characterized as follows:

e Agro-industries: the companies operating in the
segment by producing the dairy products;

e Producers: the farmers who produce milk;

e Other players: associations, public and private
agents that are part, whether active or not, of the
milk production chain;

For each of these actors, the human, relational, and
structural capitals were considered, organized as follows:

e Human capital (HC) - the education,
employees, and leadership system dimensions
were considered;

e Structural capital (SC) - technological,
production, and administrative processes were
considered, along with production structure, herd
management, and,;

e Relational capital (RC) — the production chain,
the agro-industries, producers, civil society, the
government, and support agencies were
considered.

Thus, a questionnaire was structured and subsequently
applied with the participation of various actors. Answers
were obtained from a total of five (5) players from the
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agro-industrial sector, six (6( from the production sector,
and 2 (two) from other sectors. Chart 2 shows the results
for the three segments.

Chart 2. Result of the capital assessment for the various
actors.

Education

Collaborat
ors

Supportin
g Bodie!

Leadershi
p System

Civil Technolog
Society Processes
Productio
Producers n
Processes
Administr
Dairy ative
Processes
Suppl rodnucuo
Chain i Structure i
Jit Managem Dairy
Y ent Producers

Other Actors

Source: Prepared by the authors.

The charts reveal a few crucial points, as follows:

e Education (HC) — There is an opportunity to
improve the educational level of producers. This
involves the development of technical knowledge,
training, and qualification of these employees and
their level of education.

e Collaborators (HC) — The relationship with the
collaborators working in the industry and the field
is well developed.

e Leadership system (HC) — Although it was
reported that these systems have a good overall
level, the interviews and the practices identified
in the scope of this study show that there is
potential for them to advance. This item
comprises the valuing and recognition of
professionals, the critical analysis of overall
performance, leadership, and  knowledge
dissemination.

e Technological processes (SC) — The use of
technology in the agro-industrial system is
deficient, both among producers and agro-
industries. These involve the development of new
technologies, products, and raw materials.

e Production processes (SC) — Although it was
reported that they have a good overall level, the
interviews and the practices identified show
potential to improve the production process in
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terms of quality control, storage policy,
processing, and transportation.

e Administrative processes (SC) — There is an
opportunity to improve strategic planning, as well
as selling and buying, marketing, financial, and
control processes.

e Production structure (CS) — Both farmers and
the agro-industries reported that the structure is
adequate (machinery, equipment, facilities, and
milk delivery location).

e Herd management (CS) — Farmers claimed to
have a good command of and adopt adequate herd
management practices.

e Sustainability (SC) — There is an opportunity for
improvement in this aspect for bother producers
and the agro-industrial sector in terms of waste,
energy, and water management.

e Supply chain (SC) — There is potential for
improvement in the relationship between the
actors in the supply chain (producers, agro-
industries, and the wholesale and/or retail
distribution sector) to exchange information and
improve distribution channels.

e Agro-industries (RC) — These are highly likely
to integrate with the other actors, particularly
regarding technology transfer and fostering a
better financial buyer-supplier relationship.

e Producers (RC) — The producers need to adopt
loyalty practices in the delivery and relations with
associations and cooperatives associated with the
milk production activity.

e Civil society (RC) — There is a possibility of
expanding the relationship with civil society.

e Government (RC) - In the view of both
producers and agro-industries, the government
should grant more subsidies for the production
chain.

e Supporting Bodies (RC) — There is potential to
increase the relationship with institutions, class
associations, and entities, as well as financial,
research, and development institutions.

In summary, considering the description of the milk
agro-industrial system scenario, the interviews conducted
with the different actors of the production chain in the state
of Bahia, while considering the results of the InCaS model
analysis, allowed the structuring of a management model
targeted at small dairy plants based in the state of Bahia.
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VI. MANAGEMENT TARGETED AT
COMPETITIVENESS BASED ON THE
ACCUMULATION OF KNOWLEDGE

Considering that the low level of technical knowledge
and the conducting of business pose challenges to the
competitiveness of the dairy agribusiness in the state of
Bahia, it becomes evident that the guidelines developed for
the implementation of a management model must be
grounded in this perspective.

Since the 1990s, the perspective of the Knowledge
and the Learning Economies has contributed to advancing
the idea that the competitiveness of companies and
countries depends heavily on creative and innovative
technological  capabilities. The accumulation of
technological ~ capabilities  must  overcome  the
contradictions imposed by the market (the so-called trade-
offs) in the search for the aforementioned paradigm shifts
and innovations. Studies have been conducted to develop
models (whether they are supported or not by metrics) that
aim to register how and to what extent the production of
knowledge in organizations occurs. Indeed, according to
Nonaka & Takeuchi and Leonard-Barton, the
accumulation of knowledge increases competitiveness in
organizations. The SECI model of knowledge dimensions
(or the Nonaka-Takeuchi model) focuses on analyzing
endogenous learning. Moreover, the competencies model
for developing organizations focuses on the basic
competencies or set of technical and managerial systems
and skills,given the need to tackle the internal rigidity that
inhibits innovation.

Figueiredo (2009) [35] proposed investigating the
technological learning processes and mechanisms used by
companies to build and accumulate their capabilities. The
author examined three learning mechanisms in light of
specific metrics: “(i) intra-firm; (ii) inter-firm; and (iii)
intra-organizational.”  The  author also  defined
technological capability (or knowledge base) as “a set of
resources of a cognitive nature. It is an intangible asset that
defines its performance in the market and what is possible
to accomplish through production (of goods and services)
and innovation activities” (ROOS et al., 1999) [34].

Nonaka and Takeuchi (2008) [36] conceived the
Knowledge Spiral Model (of the SECI Model) to show the
process of interaction between explicit knowledge and
tacit knowledge by representing the process of knowledge
creation in organizations from the observation of the
dynamics of innovation in Japanese companies.

The elements presented in Figure 3 are the
cornerstones of knowledge creation;
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e Socialization (from tacit knowledge to tacit
knowledge): sharing experiences (mental models
and technical skills) to create tacit knowledge.

e Externalization (from tacit knowledge to explicit
knowledge): articulation of tacit knowledge into
explicit knowledge (metaphors, analogies,
hypotheses, or models).

e Combination (from explicit knowledge to
explicit knowledge): the systematization of
concepts into an explicit knowledge system
(involving  exchanges through  documents,
meetings, phone calls, social media).

e Internalization (from explicit knowledge to tacit
knowledge): incorporation of explicit knowledge
into tacit knowledge (or “learning by doing”).
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Fig.3: SECI Model
Source: Adapted from Nonaka and Takeuchi (2008) [36].

Leonard-Barton (1998) [37] advocates that organizations,
besides being “financial institutions,” are ‘“knowledge
institutions.” The creation process is characterized by a
dynamic that comprises search and selection rhythms,
exploration and synthesis stages, cycles of divergent
thoughts, and convergence steps.

Tacit knowledge is paramount to the process of
generating innovation in terms of the divergence (the
social component, influenced by dialogue) and
convergence of the knowledge creation process (the
coordination of tacit knowledge), according to Leonard-
Barton and Sensiper (1998) [38].

In generating and diffusing activities, new knowledge is
incorporated into the firm’s assets and categorized into
four groups, as follows (Leonard-Barton, 1998) [39]:

e Integrated, shared problem-solving (present):
The integration of employees aimed at problem-
solving leads to new knowledge, which must be
managed and disseminated throughout the
organization.
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e Implementation and integration of new
technologies and technical processes (internal):
Team spirit prevails over individual ownership of
ideas.

e Testing and prototyping (future):
Experimentation is an opportunity for knowledge
development and acquisition.

e Importing knowledge from outside the firm
(external): The search for innovative technologies
is to be carried out systematically and carefully.

Leonard-Barton and Sensiper (1998) [40] illustrated
the dynamics of the process based on the development
funnel proposed by Clark and Wheelwright, according to
Figure 4.
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Fig.4: Incremental cycles of the innovation funnel model
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Source: Adapted from Leonard-Barton and Sensiper
(1998) [40].

Core capabilities are built up over time and cannot be
easily copied or imitated. They include technological
knowledge and activities that positively differentiate the
firm from its competitors (Leonard-Barton, 1998) [39].

The enabling elements of the knowledge creation
process in this model are divided into four major groups,
namely

e Physical systems: software, hardware, and
machinery;

e Management systems: educational, incentive,
and rewards plans should guide the strategic use
of resources and foster the accumulation of
knowledge in the physical systems and the group;

e Knowledge and skills: The retention of
diversified staff, rich in  “personalized
qualifications.”

e Corporate Values: outline the general standards
of behavior and concepts.

The managerial level of the organization, responsible
for fostering knowledge diffusion and intra-organizational
relationships, is treated as a source of external knowledge
in their model (Leonard-Barton, 1998) [39].
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Nonaka and Takeuchi’s conceptual framework
focuses on a dynamic model anchored in the social
interaction between tacit and explicit knowledge and is
responsible for expanding knowledge quantity and quality.

For Leonard-Barton (1998) [39], activities (and not
financial goals or rewards, individual or group
qualifications) are what create the skills of a firm. The
activities incorporated in the individual create the context
necessary for the firm’s competitive advantage to be
superior and are required in order to retain strategic
technological skills. The ability to manage knowledge
creation processes so that the company differentiates itself
from its competitors is characteristic of managers who
manage to make companies develop and sustain
competitive advantages.

Nonaka and Takeuchi and Dorothy Leonard-Barton’s
knowledge creation and diffusion models are
complementary and differ from economic and
organizational theories. The authors present a view of how
organizations can understand their processes better,
manage them, and act as facilitators and organizers of the
continuous flow of knowledge among collaborators. The
development of favorable environments in the search for
competitive edges provides a more efficient way to direct
the efforts for innovation and competitiveness, according
to Zack (1999) [41].

VII. ASSUMPTIONS FOR THE
CONSTRUCTION OF THE MANAGEMENT
MODEL FOR SMALL-SCALE DAIRIES IN
THE STATE OF BAHIA

Given the above, the proposition of the Management
Model for Small-Scale Dairies in the State of Bahia must
consider a series of observations identified based on
interviews with the different players in the dairy chain and
the literature review. The key points are listed below:

e Distribution — Information and consumption
trends for dairy products.

e Industry — Dynamic link or the driving force for
adding value. Low value-added products have lost
market share in all social classes, to the detriment
of increased consumption of premium products
(yogurts and dairy beverages). The industry
determines the prices to be paid to producers.

e Small Agro-industries — In this case, the concern
with hygiene and raw materials control stands out
given the legislation in force. There are many
small-scale businesses, such as family and
informal enterprises (such as cheese dairies).
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Producers — They have low productivity, rely on
outdated technology, and adopt unsatisfactory
prophylactic and sanitary practices. They must
tackle edaphoclimatic occurrences and present
low profitability margins in their production,
much due to the high product unit costs, which, in
turn, reduces competitiveness.

Coordination Structure — The determining
factors of coordination are market conditions,
public policies, cooperative actions, joint
ventures, and the difficulty in integrating industry
and producers. These factors pose challenges for
promoting mechanisms to meet consumer
demands. Adequate dissemination of information
would contribute to reducing transaction costs
through quality control and production incentives.
All actors must have the same perception of how
to maintain the competitiveness of SAG-Leite in
the market.

Transaction costs — If these are too high, they
indicate that the governance structure is
exclusively market-based, with no formalization
of contracts. Since the actors are independent and
there are no economies of scale and scope, this
leads to economic inefficiency. Prices alone do
not help coordination.

Applicable laws — They must be strictly
observed; they provide for the production and
commercialization of products for human
consumption.

Capacity building — The degree of capacity
building of the players involved in the process is
low.

We suggest the adoption of a Management Model to
outline the overall strategy and allow value generation
prior to tailoring them to meet the needs of the chain
players and leverage the sector. Thus, some assumptions
were outlined and detailed as follows:

Assumption 1 - The elements of the
management model: The model consists of
players, processes, information, knowledge,
methods, tools, technology, indicators, and
results.

Assumption 2 — The model’s view: The core
element of the model is the milk producers, who
are also responsible for cooling the raw milk and
transporting it from the farm to the plants or for
the occasional sale to the final consumer.

Assumption 3 — Chain players: In the proposed
model, the following actors will be considered: (i)
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the agro-industry, i.e., the companies operating in
the segment by processing and producing dairy
products; (ii) producers, or the farmers that
produce raw milk; (iii) associations and class
entities; (iv) public and private agents that are
part, whether active or not, of the milk production
chain, such as financial, research and
development institutions (EMBRAPA, SENAI,
SENAR, SEBRAE, Banks, among others); (v)
Municipal, State and Federal Governments.

Assumption 4 — Chain processes: The model
will consider management (strategic planning,
human resources, purchasing, sales, marketing,
finance, and controls), production (products, by-
products, quality control, storage policy,
processing, and transportation), and technology
processes (innovation and development of
products, service, and processes). These
processes have been established based on the
InCasS approach.

Assumption 5 — Information and knowledge:
Primary research has shown that player must
expand their access to information and
knowledge. The basis of this assumption is the
approach advocated by Nonaka and Takeuchi’s
(1995) SECI Model [42].

Assumption 6 - Methods, tools, and
technologies: The development and
implementation of methods, tools, and
technologies to support the competitiveness of
agribusinesses will assist the advancement of the
competitive relationships between production
chains and the market in light of the concepts laid
down by the InCaS Model,

Assumption 7 — Indicators and results: The
best arrangement of the elements of the
management model aims to balance the supply
and demand for dairy products to increase the
productivity of the agro-industries, especially as
they are the players in charge of coordinating the
production chain;

Assumption 8 — Management principles: The
management model incorporates the fundamental
principles of  administration (planning,
organization, direction, and control), mobilizing
the stakeholders to search for excellence.

Figure 5 illustrates the relationship between the
constituent elements of the Management Model for Small-
Scale Dairies in the State of Bahia, which was developed
based on the assumptions above.

Page | 133


http://www.ijaers.com/

Silva et al.

Given this scenario, taking the constituent elements as
a basis and reinforcing that the model should be developed
in the view of the producers, we understand that according
to the management model proposed herein, producers
relate to the actors, carry out the management,
administration, and technology processes, and rely on

MANAGEMENT MODEL FOR
SMALL DAIRY PRODUCTS IN
THE STATE OF BAHIA
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AND
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@
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methods, tools, and technologies to support the processes.
The players measure and manage indicators and results.
Furthermore, regarding knowledge, producers socialize,
externalize, internalize, and combine information and
knowledge, according to Figure 6.
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Fig.5 — Relationship between the elements of the Management Model for Small-scale Dairies in the State of Bahia, based on
the assumptions.

Source: Authors
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Thus, the Management Model for Small-scale Dairies in
the State of Bahia is presented below from a small
business perspective. To this end, and considering a vision
of the future, we propose some actions based on the
interviews with the players involved, the InCaS model, the
knowledge accumulation model, and the literature review,
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in general, namely (i) establish relationships with players;
(i) carry out the processes and rely on the methods, tools,
and technology; (iii) socialize, externalize, internalize and
combine knowledge; and, (iv) measure and manage the
results.
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Regarding the relationship with players, agro-
industries, producers, public and private agents, and the
government are considered. Table 1 in the appendix
summarizes the actions planned for the relationship of
small-scale dairies with the chain players. The bases to
outline such information were the interviews with the
participants involved, the InCaS model, and the literature
review.

As for process management, the proposed actions are
presented in Table 2 in the appendix.

When it comes to methods, tools and technologies, we
can state that the ones available in the literature, as well as
those commonly employed in the market, can be applied,
such as SWOT analysis (strengths, weaknesses,
opportunities, and threats), business plans, 5W2H,
Balanced Scored Card, Canvas Business Model, Canvas
Project Model, PDCA Cycle, BCG Matrix, GUT Matrix
(Severity, Urgency, and Tendency), Flowchart, Signoff
Sheets, Histogram, Control Charts, Scatter Diagrams, Risk
Analysis and Management, Nonconformity Management,
Indicator Management, among others.

Finally, regarding socialization, externalization,
internalization, and knowledge combination, and based
on Nonaka and Takeuchi’s (1995) approach [42], the
information that reflects the consumption tendency and the
production bottlenecks must flow normally among all the
links of the productive chain, providing an environment of
competitiveness in the agro-industrial system. Thus, Table
3 presents some of the actions that make up the
management model of the milk chain.

VIIl.  INDICATORS FOR THE ASSESSMENT OF
SUSTAINABLE RESULTS

Finally, regarding indicators and results, we suggest
using the approach proposed by INSPIA (Initiative for
Sustainable Productive Agriculture).

Since it is an activity that depends on and strongly
impacts natural resources (soil, water, carbon emissions),
dairy farming must promote sustainable management
practices. Sustainability monitoring is based on economic,
social, and environmental indicators.

Therefore, INSPIA aims to establish an index to
measure these aspects among European farmers,
promoting a series of Good Management Practices
(GMPs) to protect and improve the agricultural
environment.

These GMPs can be implemented to improve the
performance of the production chain as a whole under the
coordination of the agro-industries, which have come to
have their environmental practices indicators regulated by
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law from the perspective of environmental business
management.

Some indicators can be highlighted, such as the
rational use of water, the respect for the mandatory
environmental reserve quotas, the non-use of pesticides,
hormone-free feeding, etc.

The technical assistance team is the party in charge of
disseminating this knowledge and requirements among
milk producers.

IX. CONCLUSION

This paper does not exhaust the discussions about the
competitiveness of the productive milk chain in the state of
Bahia. On the other hand, it succeeds in presenting a
management model that provides more rational use of
human, technical and financial resources.

It is important to emphasize that the points presented in
the model were extracted from the specialized literature
and the practices adopted in plants and farms. They were
also inspired by the needs and expectations detected during
visits to plants and agricultural producers.

The model shows that it is necessary to adopt an
integrated action involving several players with specific
and articulated roles. The engagement of those responsible
is vital for the structure of the capitals outlined by the
InCaSmodel and the indicators and results presented by
INSPIA.
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Table 1. Managing relationships with Milk Agro-Industrial System (SAG Leite) players

e The relationship between players in the production chain must be formal, and the
Productive Chain| commitments must be fulfilled.

e Create product distribution channels that contribute to expanding and developing the
productive chain.

¢ Allow open communication and technology transfer that favor the development of all links
in the production chain.

e Price milk according to a Sectorial Chamber while considering product quality.

e Establish a strategy that sets profit concentration limits per client to diversify sales and
Agro-industry actions that can boost the organization’s business activities.

e Agro-industries should transfer technology to producers to qualify the activity through
technicians and/or companies, at their expense or through partnerships.

e Establish that producers have formal contracts to deliver their products to the agro-
Producers industries that are partners in improving productive activities.

e Create conditions for producers to participate in associations or cooperatives to improve
their agricultural production.

Civil Society | e Generate value for society by reducing rural flight, generating jobs, or strengthening the
domestic market.

Government | e Create programs in the various spheres of government that provide subsidies to rural
producers, including increment and purchase of production so that rural families can settle
in one place.

e Establish mechanisms for institutions, professional associations, and entities to create and
keep open communication and technology transfer lines, thus favoring the development of
all links in the productive chain.

e Financial institutions should grant credit lines with subsidized interest rates to boost the

Support Agencies . L . . . L .
PP g development of dairy activities, including new investments in technological innovation.

e Scientific and technological research institutions should promote strategies adherent to the
dairy chain innovation.

¢ Provide a structure of technical assistance (training, technology transfer) that improves
livestock farming conditions at the field level, thus contributing to the competitiveness of
the productive chain.

e Educational institutions should make available regular and extension courses aimed at
training technicians, producers, entrepreneurs, and workers in general, thus contributing to
the development of the dairy chain.
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Table 2. Managing processes with Milk Agro-Industrial System (SAG Leite) players

MANAGEMENT AND ADMINISTRATION PROCESSES

Human
Resources

o Define the processes, tasks, and protocols to be followed by workers and collaborators.

e Encourage the adoption of structures with functional characteristics to foster improvement,
specialization, and teamwork based on flexibility and valorization.

e Encourage workers and collaborators to seek innovation in processes and methods to
increase the efficiency and quality of processes and products.

¢ Provide training, perform preventive maintenance, dispose of unused/occupied materials
and tools, and provide PPE and CPE.

o Comply with labor legislation in the scope of your rights and duties.
¢ Design a career plan and grant bonuses for workers.

e Structure a leadership system where all workers are motivated and managed by their
respective leaders.

¢ Providing workers with the opportunity to engage in management, creation, and use of
knowledge within the organization.

Management

¢ Implement horizontal organization charts to favor greater integration between the structure
of the organization and the actors involved through an increased degree of autonomy,
flexibility, and informality, mitigating transaction costs and providing conditions to meet
demands.

e Adopt organization charts that consider the following functions Relationship with the
market, especially producers; Collecting (focusing on the product to be collected);
Production, focusing on technology and innovation; and Distribution (incorporating
adequate logistics for the absorption of the production by the market).

e Develop a business strategy plan and disseminate it among workers.

¢ Develop an inventory policy (inputs, raw materials, and finished products) in light of the
planned strategy.

o Carry out the sales and purchase plan by standardizing contracts to reduce informational
costs and eliminate the specificities of contractual relations.

 Draft formal sales contracts with after-sales support and product quality traceability.
o Establish a marketing strategy that keeps pace with the organization’s goals.

¢ Define a specialized account manager whose in line with the company’s goals.

o Implement a computerized system to manage all processes.

e Allow the information that reflects the consumption tendency and the production
bottlenecks to flow normally between all links in the productive chain, thus providing a
competitive environment to the Agro-Industrial System.

o Creating open communication and technology transfer that favor the development of all
links in the production chain.

o Regulating milk pricing through a Sectorial Chamber while considering product quality.

Processes

e Invest in modern, high-tech machinery, vehicles, and equipment with assured maintenance
and automated processes that ensure and improve the quality of milk production and/or
transformation.

o Create installations that comply with the safety and sanitary norms in force, providing
adequate shelter, hygiene, and feeding conditions, mineralization, and plenty of water.
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TECHNOLOGICAL PROCESSES

Products e Develop new products such as strategies, portfolio management, processes, market
research, people, and performance metrics.

o Agro-industries should transfer technology to producers so as to qualify the production
through technicians and/or companies, at their expense or through partnerships.

Processes o Invest in Livestock 4.0 technologies, such as the automation of milking, handling, and
artificial insemination.

e Monitor milk quality through surfaces and microbiological analysis to safely carry out all
production processes.

e Control milk hygiene through handling; analyzing the physicochemical composition of
milk, and performing mandatory tests: temperature check, alizarol test, cryoscopy index,
density test, fat content measurement, alkaline phosphatase, and peroxidase test, measuring
dry extract and fat-free dry extract, and adding acidity neutralizers and microbial growth-
inhibiting agents.

o Apply technology to comply with the time limit for each process while preserving product
quality and following the established standards.

o Standardize the transportation from the field to the tank so that producers watch the
necessary tank precautions and follow the normative instructions.

e Cool the milk to a temperature around 4°C in the first two hours after milking, pack the
product in expansion tanks, and, when collected from farms, in bulk, in isothermal tank
trucks. These trucks must transport the product directly to the industry platform, under the
industry’s supervision.

¢ Provide grazing land suitable for the number of cows (proper forage carrying capacity).
The choice of varieties should consider the volume of green fodder produced and the
topography. Pasture should be fertilized, maintained, irrigated, and managed.

e Create product distribution channels that contribute to growing and developing the
productive chain.

e Agro-industries should transfer technology to producers so as to qualify the activity
through technicians and/or companies, at their expense or through partnerships.

PRODUCTION PROCESSES

Herd e Carry out a management adjustment and food plan targeted at milk production’s needs,
with a complete and balanced diet consisting of a mixture of roughages (silage, hay,
chopped green grass), concentrates (energy and protein-rich), minerals and vitamins.

o Adopt a synchronization program and daily observation of the estrus cycles according to
the heifers’ age and employ artificial insemination.

e Incorporate veterinary scientific innovations to promote animal health and improve milk
quality.

e Rely on an intensive system, in the case of a herd of good genetics under adequate
management.

e Employ technology to ensure genetic selection, aiming to preserve the traits, breed
standards, and a predominant blood degree or dairy bloodline.

Sustainability |e Implement composting systems by reusing residues and selling the compost for organic
production, thus adding value to the dairy chain.

e Implement a renewable energy system (water, sunlight), identify how energy is used in
production processes, and ration/optimize non-renewable energy use.
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Table 3 — Managing knowledge with Milk Agro-Industrial System (SAG Leite) players

Socializing | e Create and share tacit knowledge, from direct experience, from individual to individual.

knowledge |, Promote group activities with the participation of people involved in the productive chain,

informal sessions and brainstorms, customer interactions, and workshops to share
improvement opportunities, best practices, and experiences, among others.

¢ Design a technological architecture to manage the creation and use of knowledge within the
organization.

Externalizing |e Disseminate tacit knowledge through dialogue and reflection, from individual to group.

knowledge e Prepare instructional materials such as handouts, primers, websites, and applications to

improve productivity and the relationships between people involved in the productive
chain.

¢ Provide and encourage workers to obtain specialized technical knowledge.

¢ Design a technological architecture to manage the creation and use of knowledge within the
organization.

Internalizing | e Create mechanisms so that producers can learn and acquire new tacit knowledge, from
knowledge organization to individual. For example, courses, workshops, etc., can be organized.

e Invest in specific training.

¢ Enable the organizations to experience the practical result of new knowledge; that is, to
develop operational knowledge.

¢ Design a technological architecture to manage the creation and use of knowledge within the
organization.

Combining | e Systematize and apply explicit knowledge and information from group to organization.

knowledge e Develop resources to prototype and apply real models deriving from the knowledge

creation process.

¢ Design a technological architecture to manage the creation and use of knowledge within the
organization.
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Keywords — Elderly Caregivers, Geriatrics, | instrument built was based on colors already used for a better

Health Education, Risk Classification.

understanding of the tool. It is concluded that the applicability of the tool is

easy to understand and can help in the assessment and decision-making of
caregivers, thus favoring care, adequate prognosis and in a timely manner

for the elderly.

I.  INTRODUCTION

Professional caregivers of the elderly is currently an
emerging occupation worldwide, although in Brazil,
according to the Brazilian Institute of Geography and
Statistics (2018), in the year 2060, the number of elderly
people over 65 years old should triple and represent 25.5%
of the Brazilian population. However, studies show that
evaluation and diagnosis difficulties by health
professionals are motivated by multiple comorbidities,
changes in mental status and communication difficulties
presented by the elderly in emergency situations (Mish et
al, 2014; Santos et al, 2016).

According to Figueiredo et al, (2021), the long-term
caregiver at home is not qualified enough to offer services
to the dependent elderly, nor to assist and care for fragile
lives. In addition, the occupation is not yet regulated and
the caregiver's role diversion to domestic activities is
common. In this way, population aging is one of the
biggest challenges for contemporary public health, since
the elderly consume more health services, for example, the
increase in hospital admissions and the length of bed
occupancy (Lima & Veras, 2013).

Given the facts, Emergency Care Units (UPA) are
commonly sought by the elderly however, this
displacement is not always necessary, which contributes to
the capacity in health units. In this way, as a proposal to
reduce and meet this demand, the National Humanization
Policy (PNH) and QualiSUS were created, which included
classifying screening of patients, seeking to prioritize care
according to the severity of the case and no longer in order
of arrival. (Silva & Gutierrez, 2018).

A safe, comprehensive and effective model of care for
urgent care is the Manchester System. Structured in
flowcharts that represent patient's main complaint and
composed of discriminators that contain the patients' signs
and symptoms, listing clinical priorities by severity, and
with a maximum term for care. Inspired by this system,
several devices were created in order to improve the
quality of services provided to the elderly (Manchester
Triage Group, 2010).

According to Chumbinho (2018), when they built a
digital blog aimed at caregivers and family members of
elderly people with Alzheimer's, they admitted that

www.ijaers.com

informational support technologies are of great
importance, as they help in the state of health and in the
staging of disorders. Therefore, the acquisition of skills in
assistive technologies for the caregiver are tools that guide
the resolution of work demands and cooperate with their
resolving role. For this, advisors must mediate knowledge
in a didactic way for application in their routine and thus
reduce work overload and stress. In this constant, Melo et
al. (2017), this situation is observed in more than 42% of
caregivers, consequently, the provision of an effective
informational instrument provides a positive impact in
reducing caregiver stress.

In this perspective, the present study proposed the
construction of a printed instrument that classifies signs
and symptoms of risk to mediate geriatric emergency care
for caregivers of the elderly and thus facilitate decision-
making through risk prioritization according to the event
severity. In addition, technology must optimize medical
care and cooperate for preventable life-threatening
procedures.

Il. MATERIALS AND METHODS

This is a descriptive literature review aimed at the
construction of a care and educational technology linked to
the Professional Master's Graduate Program in Health
Teaching-Medical Education at the University Center of
the State of Para (CESUPA). According to Nietzsche et al.
(2005) aims to recognize the need for geriatric emergency
care for caregivers of the elderly, developed in the period
from 2020 to 2021.

The product is intended for those who work as “elderly
caregivers”, regardless of the length of time in the
occupation, providing care in homes and/or hospitals with
or without remuneration. Therefore, for the framework of
the study, the following steps were carried out:

The first stage provided the theoretical support for the
construction of the product through a literature review,
whose objective was to identify the available scientific
material referring to geriatric risk syndromes, the
occupation of caregivers of the elderly and the
technologies available in the respective databases. Virtual
Health Library (BVS), Scielo, Cochrane and Pubmed with
a time frame of the last 10 years.
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The search descriptors were: Elderly Caregiver;
Technology in Care Classification; Risk rating; Seniors. In
the possibility of crossing the information and filtering, the
Boolean operators “AND” and “OR” were used in the
databases and filters for tracking articles in Portuguese,
Spanish and English, available in full and free of charge
and respecting the period of 10 years. . The search for the
material followed the following steps: Identification of
articles in scientific databases; Reading the titles of the
studies as an inclusion criterion; Reading abstracts; Read
the articles in full.

|

d Atrticles identified in the

e databases (n=192)

’t‘ BVS: 80

i Cochrane: 1

f Scielo: 47

i Pubmed: 64

C

a .
t Acrticles excluded

i for being

o] duplicates: 6

n L " |

Articles after removing duplicates.
Application of the criteria (n=186)

Articles excluded
because they did not
meet the screening
criteria (n=78)

O S5 =3 D D= 0W,

Complete articles for analysis and
application of eligibility criteria (n=114)

Articles excluded
[—  with justifications
(n=87)

E
|
i
g
I
b
i
|
i
t
y

Selected articles included for the
synthesis of the chart and qualitative
discussion (n=10)

S5O —0nC —0O 5 =—

Fig. 1. Article search and sorting process

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

For the exclusion criteria, duplicate articles,
productions such as experience reports, narrative and
integrative reviews were removed. Below is the flowchart
referring to the stages of identification, selection and
inclusion of articles by database and the total number of
studies included at the end of the survey.

Subsequently, the second stage was carried out, which
consisted in the operationalization of the construction of
the technology for risk assessment, in which the following
protocols were taken into account: Manchester, Trauma
Guideline and the Reception Protocol with Risk
Assessment and Classification of the Ministry of Health.
These protocols were used because they present attributes
that corroborate the objective of the study, such as
classification by colors according to the priority of the
service and because they present access to an objective and
didactic reading that is easy to understand.

In sequence, there was the elaboration of the proposal,
directed to be used as a health education tool according to
the Manchester risk classification and the Classification
Protocol of the Ministry of Health.

I, RESULTS

In the table below are organized the studies that
evaluated the applicability of educational technologies in
health and operational protocols that help in the decision-
making of the elderly caregiver.
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Table 1. Applicability and performance evaluation of educational technologies and operational protocols that guide
caregivers' decisions.

Authors Title Aim Type of Main results
study
O’Caoimh | Measuring the | To examine the | Observational | Most patients had a primary caregiver
etal. effect of carers on | association between Cohort (582/779; 75%), who was their child (200/582;
(2016) patients’ risk of | caregiver type and the 34%). The highest incidence of adverse
adverse healthcare | caregiver network outcomes occurred when state-provided care
outcomes  using | subtest of the Risk was the only support; and lower when the
the caregiver | Screening service was private. The need for
network score Community institutionalization was observed in high-risk
Instrument (RISC), a caregivers, when compared to low-risk ones;
five-point Likert scale this association was stronger for the perception
scored from one (“can of difficulty in managing issues in the medical
manage") to five domain and associated with death.
("absent/responsibility
")
Papaetal. | Review and | The study aimed to | Qualitative | After searching 224 resources, 38 resources
(2020) selection of online | review and select and (38/224, 17.0%) were specifically aimed at
resources for | apps and websites that | quantitative | caregivers, addressing the management of
carers of frail | offer useful | exploratory | health disorders and focusing mainly on
adults or older | functionality for study neurodegenerative diseases.
people in five | informal caregivers of It was observed that caregivers had no prior
european frail or elderly adults knowledge of any resource specifically aimed
countries: mixed- | in 5 European at caregivers, the main barriers to the use of
methods study. countries.. resources were the low digital capacity of
caregivers and the reliability of health-related
apps and websites.
Scholz- | Validation study | To  develop and | Qualitative Differences in classification and classification
Dorenbos | of the prototype of | validate the prototype | and behaviors were small. Mood was rated (>3.3)
etal. a disease-specific | of a dementia-specific | quantitative and rated (>8.2) as the most, Orientation as the
(2012) index measure for | HRQoL index | cross- least important (rating <2.6, value 7.5) was the
health-related measure:  Dementia | sectional health domain for dementia
quality of life in | Quality of life | study
dementia Instrument (DQI), as
a first step in
assessing the health
status of dementia.
Garcia- | Predictive Assess the predictive | Retrospective | The risk of death (odds ratio [OR]: 1,767,
Arango et | validation of a | validity of a | cohortstudy | 3,411, 8,525), hospitalization (OR: 1,397,
al. (2021) | functional functional 2,172, 3,540), and a high cost of health care
classification classification (FC) (OR: 1,703, 2,369; 5,073) increased as there
method in older | method on the use of was a deterioration. in the FC classification,
adults emergency  services classes 2B, 3 and 4, respectively. The
and  hospitalization, predictive model for the death outcome showed
mortality and costs good discrimination (C statistic = 0.721) and
with elderly health calibration (HL statistic = 10,200; P = 0.251).
care.
Lusardi et | Determining Risk | Firstly, to assess the | Systematic Five history questions, 2 self-report measures,
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al. (2017) | of falls in | predictive ability of | review with | and 5 performance-based measures may have
community history questions, | meta-analysis | clinical utility in assessing fall risk based on
dwelling older | self-report measures, cumulative PoTP. They are currently the most
adults: A | and performance- proven functional measures to determine an
systematic review | based measures to individual's risk of falling.
and meta-analysis | assess the risk of

using
probability

posttest

falling in community-
dwelling older adults
by calculating and
comparing  post-test
probability  (PoTP)
values to individual
test/measures.
Second, to assess the
utility of cumulative
PoTP for combination
measures.

Sanchis- | Reduced caregiver | To know the | Longitudinal | The BI improved with supervised training
Soleret | overload after | relationship between | study of | (p<0.05) and remained or fell slightly, although
al. (2021) | supervised the level of | quantitative not significantly, increasing autonomy. These
training in | independence of a | type improvements were accompanied by a
pluripathological group of multiple and reduction in caregiver burden, with similar
and palliative | palliative clinical- dynamics, especially in caregivers in the <79
elderly pathological elderly years and non-walking group.
(PCA-P) and the
burden of  their
caregivers, after a
multicomponent
training program
adapted to the home
environment
Netto & | Modeling a | To present the results | Qualitative | Operational protocols to guide measurement
Petraroli | system for | of the application of a Cross- parameters and support self-care, in addition to
(2020). | telemonitoring of | modeling proposal for sectional increasing the elderly's sense of security. As a
elderly people | a platform based on study direct consequence, there was an improvement
with a chronic | biotelemetry that is in the treatment outcomes. It is understood that
condition  based | capable of acting in the implementation of this type of system can
on biotelemetry the  detection  of reduce the number of trips to the emergency
intervention points or room and possible hospital admissions, in
levels of application addition to avoiding unnecessary medical
of preventive examinations..
measures in  the
health-disease process
of the elderly with a
chronic condition
Baixinho | Team practices in | The study aimed to Literature The team discussion on preventive measures is
& Dixe | the prevention of | build and determine | reviewand | not always maintained, allowing different
(2017) falls in | the psychometric | observational | elements of the team to value different
institutionalized characteristics of the study measures. The scale has good psychometric

elderly:

scale of practices and

characteristics and can be used in research and
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Construction and
validation of a

behaviors of teams in
managing the risk of

clinical practice to assess the practices and
behaviors of teams in managing the risk of falls

older adults and

caregivers and family

caregivers members in cities in
different Brazilian
regions.

scale falling in in institutionalized elderly people.
institutionalized
elderly people.
Elderly To investigate the | Descriptive | The study points out that more than half of the
caregivers: knowledge, attitudes Cross- participants are aware of falls and identify them
knowledge, and practices  of sectional as a problem, as well as point out some risk
attitudes and | informal caregivers of study factors and prevention measures. More than
practices  about | the elderly about falls half of the caregivers are not favorable to the
falls and their | and their prevention prevention of falls.
prevention. Finally, it is concluded that caregivers know
about falls and their prevention, but
superficially.
Ceccon et | Aging and | To identify Cross- Burden, illness and social problems were found
al. (2021) | dependence in | sociodemographic sectional among family caregivers. Black women
Brazil: and care study without formal employment, little or no
Sociodemographic | characteristics of training for the role and low remuneration
and care | dependent elderly predominated among formal caregivers and
characteristics of | people, formal care was associated with household chores.

Based on the theoretical contribution of the analyzed
studies, the construction of the educational care technology
entitled: Geriatric Riscograma was graphically structured
in the form of a disk, organized through the clinical
situations of the elderly and clinical classifications
according to the priority of care: Immediate care (red
color) ) Service in up to 60 minutes (yellow color) and
Minor urgency (green color). They were classified as the
need for immediate care when the elderly person has
difficulty breathing and articulation of words, tachycardia
and altered state of consciousness. Burns, presence of
abdominal pain, minor dyspnea and headache were
included as a need for hospital care within 60 minutes. In
the classification of minor urgency, those who present with
injury, diffuse abdominal pain, minor headache,
psychiatric symptoms and diarrhea. For each clinical
situation group, decision-making is suggested to the
caregiver.

The graphic diagramming of the technology was built
in the two-dimensional vector drawing program for
graphic design corel draw version 2018 by corel
corporation, a color gradient with nuances of red, yellow
and green was used to represent the highlight of
information such as classification, symptoms and
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behaviors required by the caregiver. We opted for
dimensions of 15 cm in diameter, that is, 7.5 cm in radius,
made for printing on rigid material of the plastic type and
waterproof adhesive, aiming at the durability and ease of
cleaning the technology.

IV. DISCUSSION

According to the survey of the studies of this literary
review, the contribution and the power of the caregiver of
the elderly in the necessary care that favor the good
prognosis of those who depend on help in their care
routine are undoubted. Therefore, taking into account the
findings of the study by O'Caoimh et al. (2016), the
absence of a professional linked to the health area
increased the incidence of adverse effects in the geriatric
patient, especially in the caregiver's perception of
managing health problems that required specific
information from the medical area related to the risk of
death. This fact is associated with probable theoretical and
practical insecurities that have been consolidated over time
in their professional life, and if remedied, should provide
more effective decision-making in life-threatening
situations.
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Caregivers still need training and qualification with
regard to technological resources and access to health
sites. In the study by Papa et al. (2020), who investigated
the proportion of technological resources aimed at
caregivers of the elderly with specific neurodegenerative
diseases, only 17% included this group of professionals
and most of the population of caregivers studied did not
even have prior knowledge of any technological resource.
Although the virtual scenario demonstrates greater
accessibility to applications through smartphones, for
example, resistance from some groups is noticeable.

Therefore, the construction of physical tools such as
classifying disks for various health problems can reduce
the negative impacts of the technological inability of
caregivers and even the elderly accompanied. Furthermore,
for Scholzel-Dorenbos et al. (2012), it is important to
agree on the level of knowledge about clinical signs and
symptoms related to dementia, and in this way they admit
that this assessment is insufficient in the leveling of health
knowledge of the caregiver of the elderly.

Likewise, the functional classification of the patient at
the time of reception at the health institution is
undoubtedly irreproachable, as it gathers information that
helps in directing them to specific care. In the absence of
functional or outdated classification, health and death costs
increase. Therefore, functional classifications can
encourage the construction of informational and
educational technologies for caregivers. As an example,
the tool produced by Lusart et al. (2010), who, through
information on the natural history of the disease, patient
self-report and performance-based measures, demonstrated
clinical utility in the assessment of the risk of falling
through cumulative points (scores) and are currently the
most proven functional measures for determine the
individual risk of falling (Garcia-Arango et al, 2021).

In addition, caregivers have work overload, especially
in the groups of elderly people over 79 years of age and
those who do not walk. According to Sanches-Soler et al.
(2021), patient autonomy can improve when training on
palliative health care is provided at the patient's home, in
addition to improving autonomy and reducing the
caregiver's workload. In this way, the operational protocols
that guide the safety of the elderly and, therefore, improve
treatments, reduce the number of visits to health
institutions, reduce the need for unnecessary exams, in the
same way, the exposure of the patient to the hospital
environment and, therefore, less cost to health services
(Netto & Petraroli, 2020).

Baixinho & Dixe, (2017), admit that there is no
consensus and standardization of prior knowledge about
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the physical risks of the elderly in their routine, and there
are professionals who are unfavorable to preventive
measures against the risk of falling. Thus, risk assessment
models are necessary among professionals who work with
the elderly, since most of the body of professionals is
formed by women with low schooling in which there is
physical and mental overload, diseases and social
problems. are also among the caregivers. Additionally,
black women without formal employment, with little or no
training for the role and low pay still predominate
(Mamani et al, 2019; Ceccon et al, 2021).

Therefore, there is a real need for facilitating proposals
in the classification of daily geriatric risk situations, which,
although growing, there are still few studies that aim to
build informational products for caregivers of the elderly,
such as the construction of a facilitator disk geriatric risk
classification. Thus, the technology proposed in this study
aims to offer direct and indirect benefits in the short and
long term, respectively. In summary, the construction of
the product should improve the quality of life of the
elderly, by favoring prognostic factors for health and
providing professionals with better results in the care
provided.

V. CONCLUSION

The need for technologies that facilitate care and
universal are of paramount importance in the process of
evaluating symptoms and classification in the urgency to
maintain the patient's health, the elderly population in the
country is constantly growing and with a gradual inversion
of the age pyramid that has been occurring in the world.
Therefore, the development of technologies and tools that
are easy to understand and handle, aimed at the elderly
population, is irrefutably necessary.
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customers, the safety of its patients. The objective was to settle how
technologies influence the quality management of the health sector today.
Thus, this article presents as a methodology a bibliographic research in
which a literature review of the last five years was carried out in scientific
articles, analyzed in the months of November and December 2021, using
the following descriptors: technology, health and quality. As a result, it can
be seen that technologies are important allies of management in health
services, providing patient safety, systematization, organization and agility
in processes, reducing workload and reducing costs for the organization.
However, it is essential that managers are attentive to develop training and
adherence strategies for professionals responsible for feeding the
computerized systems, in order to guarantee the quality of information and

the achievement of the intended results.

I.  INTRODUCTION

Thinking about the quality of the services provided,
regardless of the area of activity, involves organizational
efforts in order to mobilize the entire team, since to offer a
satisfactory final result, the work goes through the
institution's top management to those who work at the end,
in the contact directly with the customer.

When talking about quality management, Lago [1]
points out that:

It is essential to guide the processes and redirection
of energy within the management, for the fact that
when the consumer purchases a product or a good,
even if unconsciously, this choice is based on a
“cost-benefit” relationship. This is no different for
the health sector, as the client seeks affordable
prices and quality in the care provided.

In the health sector, in addition to the desired quality, it
is a service that is directly linked to the life of the
individual, and that often if the service provided is not
adequate and unsatisfactory, it can be fatal for the client
involved. In this sense, all possible efforts must be made to
deliver the best.

Technologies add an important source of support in all
care processes, ensuring patient safety and systematization,
organization and agility in the actions and services
provided.

Given this context, this paper aims to discuss how
technologies influence the quality management of the
health sector today.

1. METHODOLOGY

This is a qualitative, exploratory, bibliographic
research, in which a literature review of the last five years
was carried out on scientific articles in the Virtual Health
Library database, analyzed in November and December
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2021, using use the following descriptors: quality, health
and technology. 900 articles were found, of which 28 were
directly related to the theme. After applying the eligibility
criteria: three most relevant studies for each descriptor, full
text, in Portuguese and indexed, the abstracts were read
and the studies that met the theme related to the object of
study were selected. They were thoroughly read in full to
effectively absorb their content. Discussions related to the
five most relevant articles will be presented here.

I1l.  RESULTS AND DISCUSSION
3.1 Quality Management in Health

Considering that we are experiencing a moment in
which clients are much more demanding and aware of
their rights in relation to their own health, mainly because
they have more access to information than in the past, one
must think about “a change in managerial posture,
involving all sectors of the organization with a focus on
excellence” [1].

To achieve the expected results in terms of quality
management, it is important to emphasize that:

Quality management in healthcare is an area in
constant growth, which absorbs changes in the
competitive and demanding market. Institutions are
no longer understood only as places of prevention
and care for patients and begin to be seen as
organizations that need management and focus on
the patient [1].

Technologies together with other valuable tools such as
quality indicators, accreditation seal, diagrams, scales and
various graphs can and should help managers to develop
strategies for organizations to achieve the expected results.
It is important to emphasize that these tools can be
incorporated into computerized systems, generating
decisive data and information. They serve as an anchor for
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quality management in health, directly contributing to the
effectiveness of the implemented actions.

Quality management can make use of numerous
resources that information systems provide, these when
"well designed and organized are crucial for the decision-
making process in health, as they provide data and
knowledge about the real need of the assisted population,
helping in the planning of managerial actions and in the
decision-making process of professionals [...]” [2].

3.2 Technologies and their Influence on the Health
Sector

According to Salomi and Maciel [3] “as in any other
organization, in a hospital, both Information Technology
(IT) and Information Systems (IS) permeate the various
hierarchical and functional levels”, playing a fundamental
role in various scenarios.

The 1S, when applied to the health area, provides
multiple technological resources that, in addition to care
management, allow the implementation of barriers to the
occurrence of adverse events, thus acting directly on
patient safety and qualification of the care provided [4].

Patients are accompanied by different professionals:
doctors of different specialties, psychologists, nurses,
physiotherapists, social workers, nutritionists, among
others. In this context, there is a major problem of
communication between all these professionals, which is
historically rooted in health services. At this point,
technologies come to alleviate many of these
communication failures, as it is currently possible to enter
all information relevant to the treatment of patients in
electronic medical records systems and, thus, any
professionals will be able to access this information in real
time, preventing the same are lost in papers that were once
so commonplace.

Study developed by Ferreira [4], corroborates stating
that “control and access to all care and procedures through
the computerized system are a resource that is easily
available, due to the practicality to view patient
information and all actions related to the care provided”.

Another important scenario in which the IS is inserted
is in the control of medications, helping the professional in
prescribing, dispensing, checking and administering
medications, greatly reducing the possibility of errors in
medication administration, forming real barriers to the
occurrence of adverse events involving medications,
unfortunately so common in the routine of health services.

Healthcare IT systems, such as electronic health
records and computerized medical order entry, have
the potential to improve quality and reduce costs. In
general, they are designed to improve
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communication between different providers within
a healthcare organization. In addition, these
technologies facilitate the implementation of goals
and the use of decision support tools, which can be
particularly valuable in preventing errors in
processes [3].

In the same study by Salomi and Maciel [3] it was
found that “for patients, the most obvious benefit was the
speed of care. [...] the technology facilitated the perception
of the waiting times to which each patient was subjected
until being seen”.

Another aspect that can be approached from the
perspective of the patient, concerns a major change that is
currently perceived in the level of information and access
of these to Internet services. In this context, Malik [5]
explains that access to the network:

[...] does not mean really good quality information.
The most difficult thing for different users is to
discriminate what is useful, what is useless and
even what is outdated or wrong. The patient having
access to the results of his exams can be good, but
he does not have the technical competence to
interpret them alone, nor with the help of existing
websites. In the same way, collecting lists of
symptoms does not help to configure a diagnosis,
confronting  healthcare  professionals  with
information collected online does not facilitate the
introduction of a therapy [...].

Given this scenario, it is essential that there is a process
of training professionals to deal with these very common
situations, and awareness of patients who, when seeking
information from dubious sources, create expectations that
are often exacerbated and negative, generating unnecessary
anxiety and discomfort.

Technologies are very useful and welcome in health
when well used. As an example, in countries where
telemedicine (e-health) is widely used, there is already a
gain in time in patient care, thus reducing the workload on
professionals, service costs are lower, generating savings
for the organization, which can invest in other demands.
Professionals feel more secure and satisfied with their
work, have lower absenteeism and turnover rates,
reflecting the improvement in the quality of patient care.
Undoubtedly, this brings more security to professionals
and patients.

Complementing the above, Malik [5] notes that:

In Brazil, telemedicine is defined as a national
system for assistance and education, involving
teaching/reference institutions and primary and
secondary services. It has been proven to be an

Page | 151


http://www.ijaers.com/

Ribeiro et al.

efficient tool for increasing access [..]. It
guarantees economy and risk reduction for the
system, for professionals and for patients, reducing
the need for displacements.

However, it is important to emphasize that for the use
of telemedicine, training of those involved is necessary, so
that its implementation “must be combined with
appropriate changes in the processes and in the
organization, guided by duly qualified people” [3].

To ensure reliable information, it is essential that the
professionals who feed the system are able to do so, that
they actually appropriate the necessary knowledge for this
action. At this point, management plays a fundamental
role, seeking improvement strategies, directing the
organization to the best possible decision-making. It can
therefore be said that technologies are true tools to
transform the provision of care.

In addition, leaders must pay attention to the issue of
professionals' adherence to the use of technologies, so that
they internalize the use of technologies as a normal and
daily work tool. It is also important to note the need for a
contingency plan in case the computerized system
becomes unavailable.

IV. CONCLUSION

Technologies play an important role in supporting
health organizations, guiding the decisions of managers so
that the final result is quality of services provided, internal
and external customer satisfaction, reduction of work
overload, agility in service, cost reduction. , among others.

In terms of the patient, the main benefit observed is the
speed of care, as the change observed with the
implementation of technologies is quite significant.

However, managers need to develop training strategies
and employees' adherence to the use of technologies, so
that reliable information is obtained based on the data fed
by the responsible professionals. This is the only way to
guarantee the quality of the information so that the
expected results are achieved.
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Abstract— The proposal to understand the management of diversities in
view of the talents found includes understanding the identities of both
employees, the organization and the manager himself. Their beliefs and
stereotypes can be impediments to organizational growth and loss of
talent that are essential to the company's smooth running. The manager's
emotions must be regulated as to his personal security in relation to
himself and the environment. Having a good management of diversities
will make a big difference in competitive markets. Since school
management also begins to be seen in the same way as company
management, curriculum changes are important in order to implement
training focused on the organization's needs, in view of its vision, values
and mission. Continuing education appears as a strategy for creating new
management models.

. INTRODUCTION

The anthropological  differences

recorded

increasingly diverse,(MYERS, 2003). On the other hand,
homogeneity can bring competitive disadvantages.

throughout the history of the human being denote
evolutionary processes that range from its ontogenetic
structure to living in society. To maintain itself as a species,
man sought means of adaptation. Since the most distant
times, this survival movement has directed every step of
men in order to preserve themselves in the face of all the
mishaps that are inflicted on them.

If before it was necessary for tribe A to fight
against tribe B and defeat it so that it could perpetuate its
dynasty today, both tribes are part of the same village and
for the survival of all the concept of differences needs to be
approached not as a problem; and if for the permanence of
the species it is necessary to have some war, these
peculiarities of each one can become like a war instrument
against the extinction and, to manage these questions it is
necessary that there is (continuing the analogy to the tribal
context) the intervention of the chiefs .

As seen within the global marketing process, the
issue of diversity is advantageous for those who “open their
eyes” to this issue, as it expands the conditions to win in the
competition of national and international markets that are
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Thus, in order to broaden the discussion on the
topic of diversity, this work seeks to verify how its
management should occur in view of its challenges and new
technologies in the different current social contexts and the
mediating role of management in this process, given that
every day, within the organizational context, there is a mix
of talents in groups that deviate from that traditional view
of employees with standardized characteristics, aiming at
respect for equality in difference and individualization of
treatments:

Based on the argument of the need to correct
perverse consequences of the past, minorities and
marginalized or socially vulnerable groups began
to be contemplated with compensatory public
policies and affirmative actions, in which two
aspects stand out: respect for equality in difference
and the individualization of
treatments.(CARVALHO EJ, 2013).

It is clearly perceived that in the face of all
globalized action, in all areas of human existence, a
management model in which certain premises in relation to
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diversity are set aside would be a setback in social
achievements. And the education that stands as a door to the
world has a great responsibility to foster new behaviors, as
was the case of Hong Kong, South Korea, Singapore and
Taiwan where “education was used intentionally to promote
social cohesion and social cohesion”. sense of national
identity”.(WILSON, 2011).

1. DEVELOPMENT - LITERATURE REVIEW
2.1 IDENTITY

Human beings have peculiar ways of presenting
themselves, of living in society, of representing their social
roles. This is part of their social nature and their cultural,
ethnic or religious context has to be taken into account since
all this served so that each one, within their own history,
could form their personal identity.

The formation of identity goes through a range of
feelings and rational and irrational decisions in the
choice of personal investments that the subject
makes for his identification. Subjectivity suggests
our understanding of our self. It is what allows
explaining why a subject clings to a peculiar
identity.(MIRANDA, 2012)

On the other hand, there are organizations that also
have their own history and that have gone through a
construction of their own identity and that, when they
receive a collaborator, have the implicit idea that he needs
to have his identity reconstructed, especially when there is
a need for change:

It is through this sharing of reality that the
identities of individuals in organizations are
constructed, by communicating to members, in a
tangible way, a set of norms, values and
conceptions that are taken for granted in the
organizational context. When defining the social
identity of individuals, what is intended is to
guarantee productivity, through harmony and
maintenance of what has been learned in
coexistence. It is important to emphasize that these
identities often need to be rebuilt, when the
company is faced with situations that require
changes.(FERNANDES, 2006)

The junction of this group of identities (company
and employees) forms a set of information that can be used
for organizational growth. When a company is looking for
a collaborator, it excels in establishing the profile that suits
the position, that is, someone with the personality to meet
the requirements of the peculiar issues of the functions.

Therefore, once,(CARVALHO M., 2012),
considers that the dualism of social identity and personal
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identity is no longer the focus, and due to the individual's
socio-cultural changes, a dynamic intersection that involves
the subject's entire environment is considered, it is
important to have a new look for the management's behavior
towards the organization and its employees, considering
their points of convergence, with all their qualities and
diversities with those of the company, that is, people
management would be intrinsically linked to identity
management.

2.2 MISCELLANEOUS IDENTITIES

The functional character of an organization is
delimited by its rules that are implicitly inserted in its
structural scope. These internal instructions are what form
the company's identity; it is for these qualities that one
becomes known, loved, or hated.

Managing diversity, within such a broad market in
which every day it is necessary to stand out in some way to
attract and keep customers, is seen as a differential that
gives companies competitive advantages, giving new
characteristics to their identity:

For companies, one of the advantages of managing
diversity is that it works as a strategy to maintain
competitiveness in the context of globalization, in
which markets are extremely
diverse.(CARVALHO EJ, 2013).

So, within a corporate environment, there is the
management of the organization's identity, of the
employee's identity, without taking a look at the identity of
its customers and, also, the manager's own identity.

2.3 THE EMOTION MANAGER

This being understood, now comes the
development of the manager's understanding of his own
personality demands regarding emotional regulation within
the company's cultural transformation process in the face of
the needs of the market in which it is inserted.

Emotion in management, therefore, is essential to
measure the relationship between flexibility,
democracy and autocracy present within
organizations, which are vectors of a system that
must be well coordinated so that they become a
system that can instill people to work better. its
human perception and motivation.(OLIVEIRA,
2011)

Psychologist Rogério Martins, pondering why,
even knowing that change is something inevitable and
present in human history, this still frightens certain people:

The answer, however, is both simple and complex.
confused? For that's exactly what the processes of
change cause in our lives: a sense of duality. All

Page | 154


http://www.ijaers.com/

Cavalcante et al.

this because what is involved are our emotions. No
matter how rational and logical the person is, he
will feel fear and fear of what he does not know.
For some this is a stimulus and so they risk more.
For many this paralyzes. It feels like an anesthetic.
Fear takes over and makes your reactions one of
resistance.(MARTINS, 2012).

Thus, the growing approach to diversities is a
factor of change that can affect the manager with some
psychic defense mechanism, such as resistance. It is,
therefore, imperative that you have your emotional and
cognitive conditions properly regulated and restructured, so
that you are not a saboteur of the assimilation process when
you are faced with competences, for example,
technological, in people who flee from their
Shiboleth.X("shibboleth™) peculiar, which does not meet
your personal expectations.

2.4 SCHOOL MANAGEMENT AND TECHNOLOGIES

Social strata stand out for their unique conditions
that involve needs that companies seek to satisfy and “The
new information and communication technologies (NICT)
and the growing human diversity in the most urbanized
societies are fulcrums - perhaps the most important -
generators of change in all social domains”.(CARDOSO,
2001)

Education management was seen as a separate
form in terms of administration, however, there is a need for
the manager to see it as other companies that seek to adapt
to changes in the sense of always favoring their customers
are understood. Therefore, the curriculum for education
comes up with a proposal to be guided more by aspects of
citizenship, proposing a review:

[...] the clear orientation of the curriculum for
education for citizenship and for the principles and
values that support it; the explanation of the
essential competences, at the end of basic
education, which guide the exercise of this
citizenship; hence, the focus on the social effects
of the curriculum's products and, for all this, the
strong challenges to curricular flexibility and
transversality. In other words, this revision
proposal, if carried out successfully, is more
reformist than the curriculum reform of the early
1990s. What is essential now is to act in relation to
the conditions for carrying out such a curriculum;
Bear in mind that this review calls, above all, for
changes focused on the processes and ideological

Linguistic apparatus used to differentiate the members of the
Gileadite and Ephraimite Tribes. Because of the famous episode
quoted in the Bible (Judges 12:6) the term "shibboleth” came to
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attitudes of the main people responsible for
managing the curriculum, in particular,
teachers.(CARDOSO, 2001).

The proposal to insert management with a critical
pedagogy shows that changes need to be understood without
so much rigidity, which is not just change for the sake of
change, but that this change is ideological despite the
understanding of the process as something dynamic
"attentive and permanent to changes in the information
society and its projection into their professional daily
lives”(CARDOSO, 2001).

In a globalized culture where what happens in one
country quickly reflects on the other, in a positive way,
technologies can serve as an instrument for disseminating
information and training in which those management
models that still perpetuate a repetition of prejudiced
patterns are restructured to meet the emerging demand in
relation to the adequate use of human competences for
education:

The continuing education of  education
professionals (directors, pedagogues, teachers and
others) is a strategic condition for updating and
promotion that, consequently, contributes to
improving the quality of teaching/learning and the
creation of new management models. This
condition can be fulfilled quickly and extensively
through technology, through the use of TV, video
and computer resources and in the creation of
virtual information and knowledge production
networks.(SILVER, 2002)

The different segments of the sciences and all the
means that involve work or human action have, in some
way, influences of technology, information and
communication. This is a fact. And management may or
may not excel when given due attention.

1. CONCLUSIONS

As the perspective that involves the smooth
running of a company permeates the consent of the
manager, it is understood that his emotional condition has a
character of primordial influence. Their sense of security
and their stereotyped view can alter their perception of a
changing scenario that involves the acceptance of
competences found in people with standards that go against
their beliefs in relation to diversities.

designate any expression that can serve to characterize the way of
speaking in a certain region or state.
SOURCE:https://focoartereal.blogspot.com/2013/02/xibolete-
denuador.html
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The great and greatest social changes, undertaken
by technologies and diversity, drive measures of attention
to the subject that involve people's interest in terms of their
real needs; this, linked to the objectives of the companies
and the change of perception, necessarily, needs to undergo
a modification of the manager's internal beliefs. And when
these changes occur, school management will have
structural conditions to also implement curricular changes,
since these have, primarily, ideological fillings, which
would be the Gordian knot.?of school management.
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. INTRODUCTION

Statistics show that, in number, women are the
majority of the population in Brazil, according to data
from the Brazilian Institute of Geography and Statistics
(IBGE), (year 2013), whose total Brazilian population at
the time was 201,032,714 inhabitants, of which
approximately 103.5 million women (51.4% of the
population). Based on this, why be treated as a "minority"
or your "minority" agendas?

It is important to point out that this research is based on
a decolonial point of view, that is, from the study from the
study from potentiating the voice and visibility to the
subalternized and oppressed peoples who for a long time
were silenced. To this end, one will drink from sources
such as the authors Rita Segato (2003 and 2017), Joan
Scott (1995), Débora Diniz (2020), Anibal Quijano (2005),
among others, aims to bring reflections about the problem:
"How to face gender violence (against women) in
contemporary times, effectively?". In an attempt to answer
this question, a bibliographic survey of the authors and
authors mentioned will be used, as well as a literature
review of articles, course completion papers, publications
in journals and dissertations on the Google Scholar
platform, as well as statistical data updated and published
by the Brazilian Public Security Forum (FBSP), Research
intelligence and Consulting (IPEC), from 2019 to 2021.

The interest is justified from the moment that, being a
woman, the author, researches for more than a year, the
reason that violence against women does not decrease over
time, although Brazil has the laws considered "more
innovative" related to the case. Therefore, we sought to
build reflections from the subject, therefore, the sections
will deal with: gender; promoting gender equity; violence
against women; the public policies used to face this
problem and, at the end, will present (or attempt) to solve
the problem.

Thus, it is expected that this work will contribute to
future research and effectively so that women, men and
society see much more than dua, female or male bodies,
but beings endowed with values, strength and capacity.

1. THE SOCIAL MARKER OF GENDER

The social gender marker is an essential feature for this
research, given the need to analyze the socioeconomic,
political, cultural differences between men and women, in
the Manichean (dual) and patriarchal society, which are
still reproduced in contemporary times, as perceived on the
inequalities of the sexual division of labor and social
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relations (including “power relations”)!. This is said
mainly because of the permanence of this type of “colonial
patriarchal doctrine” in the political, social and economic
structure of countries that were exploited as colonies,
according to Anibal Quijano (2005), an author who
attributed the expression “coloniality of power” to this
junction of capitalism and eurocentrism? as systems that
reflect, in female bodies, the diminished or annulled
subjectivities, with different roles and tiny values before
men.

This sexual division also begins in the primary social
nucleus, the family, in which women are assigned a
secondary life, adjuvant, but essential in some criteria:
reproduction, maintenance of the house, care for the
husband, children (these being invisible functions), as a
consequence of the macho, misogynistic, Eurocentric
culture imposed on cis women (Diniz, 2020); while trans
women are relegated to social abandonment, violence and
intentional deaths (Benevides and Nogueira, 2020).

To man, it would be up to public life, important,
independent, protagonist, provider, with prerogatives.
From this inequality and non-division (since women would
have an overload of responsibility and work), discussions
about women's struggle were theorized. Therefore, gender
studies were, in its beginning, linked only to women,
however, this theory is neutral and pertinent also to men,
since they are parts of the same social structure (Diniz,
2020).

That is, the studies mentioned aim to reflect and
promote discussions that enable women, assign roles to
them, are active in the community of experience,
independent, that can resist unequal environments and
fight for their rights. Therefore, the emergence of these
studies was called "gender studies" in the 1990s,

“Power relationship” explains that this is a category from the
Foucaultian lexicon Michel Foucault, a contemporary
philosopher who developed the understanding of power relations.
A scholar on power, in order to identify subjects acting on
subjects, he said that power is omnipresent, not only in an
institution (State), but in social relations. Therefore, in order to
understand the category of Foucauldian lexicon, in his work The
Order of Discourse, Foucault states that, in societies, there is
recurrently an unevenness between the discourses that are said
and those that are at the origin of new speech acts that take them
up, transform them or repeat them. This happens in texts already
known culturally, such as legal, literary, religious, among others,
as many are the resumption of what has already been said.

2 A doctrine that, a priori, locates individuals in a genealogy that
determines them to an immutable origin. It promotes the
justification of existing inequalities, of capitalism as a world
system; from a place where individuals can be racialized, certain
backward countries and the peoples who inhabit them are
primitive within the aforementioned economic system.
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establishing itself with emphasis on feminism?
(Casagrande and Carvalho, 2006).

Consequently, the concept of gender is beyond the
dualistic biological differences of sex. Although this
differentiation is important, because it was in this that the
starting point was given for the construction of the social
role of women, the term focuses on the culturality
impregnated from the sexed bodies. Researcher Joan Scott
(1995) states that gender is one of the ways of indicating
how social construction is an entirely ideological product,
about the predetermined roles of men and women,
basically, "a social category imposed on a sexual body"
(1995, p. 75). In this same treadmill, more recently (2006),
Heilborn defines what gender would be:

Gender is a concept that aims to point to the
non-continuity of physical sex and social sex,
and that has been used by various fields of
knowledge. The expected behavior of a person
of a given sex is the product of social
conventions about gender in a specific social
context. Moreover, these ideas about what is
expected of men and women are produced
relationally (Heilborn, 2006, p. 03).

As noted by Heilborn (2006), the stereotypes,
sexualization and superficiality attributed to the theme,
made public policies remain based only on reproduction
and care. Therefore, Joan Scott (1995) treats that gender is
primarily a way of resignifying power relations from the
oldest, such as cultural symbols that attribute
characteristics; they create male and female patterns and
are generally used in religious doctrines; segregator sexual
perception of the labor market, among others.

Gradually, women, in their social coexistence, in the
most varied roles played (mother, daughter, professional,
practitioner of religion, neighbor) realized that the
treatment  offered to them was differentiated,
discriminated, therefore, it was necessary to reflect on and
seek improvements in their living conditions, work and the
like. Therefore, the concept of gender and equity between
entities is not limited to sex, however, it encompassed
class, race/ethnicity, age and the relationships between
human beings. Therefore, in these unequal culturally
structured relationships, there is also the distribution of

3 Feminism is a social, political and philosophical movement that
began in the 19th century, with the aim of proposing equal rights
between men and women through female empowerment, absent
from patriarchal patterns or rooted in society. The French
philosopher, writer and professor Simone Beauvoir was one of
the representatives of modern feminism, author of the book "The
Second Sex" (1949) and the famous phrase: "No one is born a
woman, they become a woman" (emphasis added).
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authority among individuals, based on stereotypes, and this
process produces a distortion, segregation. And even the
situation of inequalities experienced by women is
aggravated by socioeconomic precariousness (Casagrande
and Carvalho, 2006).

What is perceived in the literature studied so far is that,
if there were institutionalization of struggles for the
eradication of poverty, there would be a more just and
egalitarian society, promoting the disruption of cycles of
poverty, hunger, socioeconomic vulnerability throughout
the generations and equality between genders; however
what we see is the juggling between domestic work
(invisible) and paid work (formal or informal); the burden
of this work with the raising of children, of family
members; in addition to women's incomes being focused,
in large part, on survival (health, education and spending
on children) much more than the same expenses recorded
by men. Therefore, it is essential that public policies be
emphasized in the domestic and financial life of women
and their families, as a way to provide a quality of life,
their emancipation and not just a survival.

1. VIOLENCE AGAINST WOMEN

Heloani (2005) treats that violence is an inherent
condition of the human being, being relevant to research
their present forms in societies and that also reflect on the
social relations of power. However, violence does not
originate in individuals, but is generated (as well as
gender) by a social system.

Alves, Moreira, Oliveira and Naatividade (2020)
mention that violence is like a disruption of the victim's
integrity, whether physical, psychic, sexual and moral,
and, in general, these modalities of violence occur
together, thus reverberating in a power relationship
between aggressor and victim: "Whatever form assumed
by aggression, moral violence is always present” (Saffioti,
2015, 75). Therefore, it says that the relations of gender
and power inequality are the origin of violence against
women (MVC), from the historical, social and cultural
construction of the female and male role (Schraiber et al.,
2005).

From the 1960s on, the feminist movement promoted
the reinvtion of women's rights and debated the
naturalization of the culture of violence. The MVC was
considered a public and global problem, from which,
legislation, research, public policies and services emerged
and were gradually implemented (Schraiber et al., 2005;
Souza & Sousa, 2015). Feminism contributed, from its
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authors (like Joan Scott, bell* hooks), for the
understanding that inequalities between men and women
are reflexes of social relations through the social markers
of class, race and sex (Scott, 1995).

It is known that these relationships are established in an
asymmetric, subordinate way, where arbitrariness,
oppression,  hierarchy and  violence  (physical,
psychological, moral, patrimonial) are reproduced.
Therefore, VCM calls for state actions, social movements,
the implementation of gender education, among other
alternatives in order to empower women in whatever
spheres (public and private).

3.1 Brazilian public policies and violence against
women progress together

The records of contemporary Brazilian public policies
for women occurred primarily in the public security areas,
through the Specialized Police Stations in Women's Care
(DEAM’s), created in 1985 (Couto and Gomes, 2012). It
should be worth noting that the conception of gender as a
social and historical construct, helped public policies in the
implementation of the decentralization of services offered
to women: there was the dissemination of campaigns and
prevention and awareness programs to combat gender
inequality; promoting socio-financial autonomy; fostering
and strengthening the institutionalization of actions in
federal, state, district and municipal public authorities;
qualification of public officials who received these
women; development and dissemination of gender studies.

Pertinent to justice and the legislature, there is the
innovative publication of federal law No. 11,340/2006,
known as "Maria da Penha"®, that brought great progress
to the confrontation of the MVC, creating mechanisms
aimed at preventing, punishing domestic and family
violence against women (Brazil, 2006).

4 bell hooks - Gloria Jean Watkins is the birth name of bell
hooks, born in 1952 in Hopkinsville, Kentucky, southern United
States. The choice of the alias bell hooks is a tribute to his great-
grandmother Bell Blair Hooks, known for her courage in telling
the truth. The lowercase letter is on purpose and is intended to
focus on the strength of your writing and not on her person.

5 “lei Maria da Penha”: Law n. 11.340/2006 was named in honor
of Maria da Penha Maia Fernandes, who fought for twenty years
to see her aggressor arrested. She suffered numerous
assassination attempts, delays in the processing and judgment of
the case relating to the case, and, only with the help of NGOs,
was she able to send her case to the Inter-American Commission
on Human Rights (OAS), which, for the first time, accepted a
report of domestic violence. Just like that, her ex-husband was
arrested (year 2002) and the aforementioned Commission ordered
Brazil to create adequate legislation for this type of violence.
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It is noteworthy that the aforementioned law modified
the penalty of the offender (it was decided to maintain the
male gender, because mostly, the author is a man with
intimate bond of affection to the woman /victim) for
punishment with imprisonment. From the implementation
of the law, public policies were turned to the creation of
Women's Reference and Social Assistance Centers;
Specialized prosecutors; shelters; "dial 180" and Non-
Governmental Organizations (NGOs) overtaxing and
enforcing policies for women; justifying the fact that MVC
affects the most diverse dimensions of women's lives,
causing social, physical, financial and psychological
consequences (Hanada, H.; D' Oliveira, A. F. P,
Schraiber, L.B., 2010).

However, mVC-related crimes continued to occur.
Every day, it is seen that the first public institutions to be
sought are the police, in order to find an immediate
solution, largely, of repression and/or protection (Pasinato
and Santos, 2008). This occurs as a reflection of a public
policy absent from priority social assistance, in which
public security takes the lead. Under another bias, despite
the creation of institutions, publication of care manuals,
recent legislation in Brazil — Maria da Penha Law (n.
11.340/2006), Feminicide Law (n. 13.104/2015) and the
Sexual Importation Law (n. 13.718/2018) — the numbers of
MVC have not decreased.

In a recent disclosure, the Brazilian Public Security
Forum (FBSP), a non-governmental organization and
Intelligence in Research and Consulting (IPEC), a
company originating from the Brazilian Institute of Public
Opinion and Statistics (IBOPE), held in 20195, they
released staggering numbers: of 897 women interviewed,
536 women have been victims of physical aggression
every hour in the last year; 76.4% of women who suffered
violence, claim that the aggressor was someone known,
this represented a growth of 25% compared to 2016; 66%
suffered some kind of harassment in the last year (year
2018); black women have a higher level of victimization
than those who declare white or brown; 27.4% of Brazilian
women reported that, aged 16 years or older, they suffered
some kind of violence in the last 12 months (representing
approximately 16 million women), see the infographic
below.

6 Quantitative research with a personal flow point approach.
Nationwide sample (total: 2,084 interviews) representative of the
universe of the Brazilian adult population aged 16 years and over.
Interviews conducted in 130 municipalities, between February
4th and 5th, 2019. Self-completion module with questions
applied only to women (897 respondents). Margin of error of plus
or minus 2.0 points in the national sample and 3.0 plus or minus
points in the sample of the self-completion module. Source:
Datafolha and Brazilian Public Security Forum.
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Fig.1: “Visivel e Invisivel, 3a edigdo”. Fonte: FBSP,
2021.

It is noteworthy that, in the context of the Covid-19
pandemic (decreed by the WHO on 11.03.2020), gender-
based violence against girls and women was aggravated by
factors such as: "social isolation, mental health
impairment, eventual mourning, overload of domestic care
and financial difficulties" (Lima et al., 2021 apud Pasinato,
2020). Also in this context, it is observed that there was a
decrease in the official records of complaints (Lima et al.
apud Bueno et al., 2021). For comparison with the report
mentioned above and what was published in 2021 (same
methodology used): 1 out of 4 women reported having
suffered violence; of these women, 61.8% had their family
income decreased; 78.3% were black (black or brown);
72.8% suffered aggression from acquaintances. It should
be emphasized that, in both surveys, whether from 2019 or
2021, there is no information about questions or whether
the interviewees considered themselves as transgender
women, as continued in the infographic below.
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Fig.2: “Visivel e Invisivel, 3a edigdo”. Fonte: FBSP,
2021.
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Moreover, another reason for the promotion of Vcm is
still patriarchy” impregnated in society, and obviously in
institutions (occupied by social beings), such as in the
judiciary. Examples of this in a decision of the 5th
Criminal Chamber of the Court of Justice of Rio Grande
do Sul, whose court decision was for the acquittal of a
driver, denounced for rape by the passenger, because,
according to the collegiate body: "the victim put himself in
a situation of risk, because he had consumed alcohol on
the day of the event" (Maier and Segobia, 2020, p. 06).

Or, when in the examination of the appeal no.
0000311-97.2014.8.26.0099, judged by the Court of
Justice of S8o Paulo, in addition to acquitting the
defendant accused of the same crime, the judge exara that
"the defendant certainly did not leave unpayable marks on
the victim, because it, shortly after, began to relate to a
man of 28 years, of which he was pregnant even before the
hearing" (Maier and Segobia, 2020, p. 07).

Therefore, with these findings, it is necessary to leave
in search of solutions to the problem.

(AVA FINANCIAL AUTONOMY AND SOCIAL
EMANCIPATION: PREPONDERANT
FACTORS FOR COPING WITH VIOLENCE
AGAINST WOMEN

It is worth noting, according to CAVALCANTE
(2012), regarding gender relations, that men and women
are not the result of a biological destination, but above all,
of social constructions. That is, it would be two social
groups involved in a specific social relationship: sex.
These have a material basis - work - and manifest
themselves through the sexual division of labor, thus,
society cannot be thought only from social relations, but
equally and simultaneously, from the connections with the
relations between the sexes of this same social system.

When discussing female work articulated with the
gender category, men and women are brought up in
productive and reproductive spaces and it is understood
that gender relations bring diverse relationships. Thus, the
analysis of female work begins to understand that the
relationships in these spaces are also social constructions
permeated with power and domination, and that this fact,
entails the definition of so-called "feminine" and
"masculine™ spheres. (CAVALCANTE, 2012)

7 Patriarchy is a system whose foundation is sociocultural, with
structures and relationships that aim to favor men, especially
white, cisgender and heterosexual men. In patriarchal society,
there is a prevalence of power relations and domination of men
over women and other subjects who do not fit the “normative”
pattern of race (white), gender and sexual orientation (straight).
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Drawing the parallel with this research, thinking about
women's autonomy is to reflect how they express
themselves, what are their challenges in the disrupture
with unequal gender relations, not only in private spaces,
but also in public spaces as well as in relationships in the
labor market. (CAVALCANTE, 2012). Thus, for the
purpose of discussion of this study, autonomy is
understood as indicated by SOARES (2011, p. 281):

We understand women's autonomy as the ability
to make free and informed decisions about their
own life, so that they can be and make
according to their own aspirations and desires,
in a given historical context. The advancement
of autonomy is related to the advancement of
women in public and private life, as a guarantee
of the full exercise of rights. The lack of
autonomy is the result of the poor distribution of
power, income, the use of time, the lack of
recognition of women's rights.

The possibility of financial autonomy of women in
situations of domestic violence, is not only envisioned in
the idea that only the opportunity of women to work for
paid activities will overcome the situation of financial
and/or economic subordination, it is understood that it is
necessary to reflect on the entire cultural, symbolic and
social context that women are inserted. It is also
understood the thought that it is necessary to leave the
deterministic conceptual structures and employ from the
perspective of gender also in this social, historical and
cultural construction, exhausting these power relations
between men and women. (CAVALCANTE, 2012) Thus,
it is essential to analyze the prevailing current changes and
trends and how they reflect in the family institution in the
contemporary context, marked by the individuation of
social life.

In this sense, public policies must intervene in order to
combat wage discrimination and occupational segregation
that women go through, but actions beyond the monetary
nature are also essential, with practices that can provide
these women - the construction of new relationships with
their partners, as well as in the domestic sphere, that is,
affective relationships that are not permeated by the
patriarchal order of gender, with women with access to
employment, having the conditions to produce and
commercialize with dignity, the possibility of personal
development and also the right to free time.
(CAVALCANTE, 2012)

According to SILVA (2021), when it comes to female
autonomy, public policies have been working in an
articulated way with various agencies, predicting the
insertion of women in the labor market. It is understood
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that female economic autonomy is one of the ways of
overcoming violence or, at least, minimizes its effects.
However, most income generation policies are focused on
entrepreneurship that reinforces the individualizing logic,
and women are responsible for seeking their financial
autonomy, through the development of skills focused on
subalternized positions in the labor market, as revealed in
the living conditions of the women in our study. Most of
them are in precarious, low-income jobs that require low
schooling, contributing to situations of vulnerability and
violence, in addition to accumulating overload of domestic
work and family support network. (SILVA, 2021)

The social agendas have included women in a more
present way, with the survey of discussions and actions for
the valorization and effectiveness of the defense of their
rights, prerogatives, capacity, qualification and conditions
to occupy the same spaces of men; whether for decision
making, management, work or simply making your own
choices. To this do so, the Brazilian Fundamental Law, in
article 5, item |, treats that "men and women are equal in
rights and obligations” (Brasil, 2021). This equality of
rights provided in the main norm of the country regulates
that women's opportunities must go through all fields:
social, political, economic, environmental, labor and
family.

Thus, the construction of a State capable of promoting
equal rights in the most diverse spheres, including gender
issues, is defended. A state that has a leading role, which
favors the construction of democratic spaces and more
egalitarian relations between men and women. To provide
democratic spaces, the State must build strategic agendas
that represent the deliberation of broad actors, as well as
ensure that popular anides are configured as political
legitimacies through medium and long-term public
policies. (CAVALCANTE, 2012)

According to ALVES (2019), this is the only way
women become visible and "empower™ socially, because
this expression that still generates resistance in its concept,
is linked to the strengthening of a portion of society that
lives daily the contradiction: quantitatively, women are
more than 50% of the world's population and are invisible
in their work, are subordinate, silent, unworthy of
decision; that is, as a colonized reproduction, without any
conditions of equality with men. In this way, empowering
women is to bring to her opportunities for personal growth,
emancipation, financial and professional social, with
prioritization of also intellectual equality.

However, it is understood, therefore, that fostering the
financial autonomy of women requires time for them to
strengthen their process of disruption of the situation of
violence, but also requires immediate actions, in a context
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in which cultural constructions are present that hold them
responsible for the care of the family and all domestic
issues, where financial autonomy must go through other
spaces other than that of generating employment and
income, but also of children and housing.
(CAVALCANTE, 2012, p.172)

Thus, actions can be initiated from the woman's need
for income, but should gradually gain other dimensions in
which the woman can discover in this process. It is
believed that it should be during the process that the
woman can see himself as a subject capable of
constructing a new position in the relationship, in the
domestic sphere and, consequently, the possibility of
seeking, among other possibilities, her financial autonomy.
(CAVALCANTE, 2012, p.172)

The conquest of autonomy, understood as the control
over one's own life, the body, the right to an independent
identity and self-respect, is preceded by two conditions:
one of them is the consideration of the needs and interests
of men and women by policies and programs to achieve
gender equity; the other is to support strategies that aim at
strengthening and women's empowerment. (GUEDES,
2011, p.1733)

The relevance of the theme has been massive and has
provoked the manifestation, including, of the United
Nations Women's Organization, which in 2010 published a
document listing the basic principles for women's
empowerment, whether professional or social: that
corporate leaders be established that envision gender
equality at all levels; that all men and women be treated
fairly in their work, with respect for human rights; to
ensure the existential minimum: safety, quality of life,
health and well-being; education, qualification and
professional development is essential, to promote the
entrepreneurship of women in communities and activism;
and to record, analyze and publish the data, the progress of
companies working on the promotion of gender equality
(ALVES, 2019).

V. RESULT AND DISCUSSIONS

Rita Segato points out that: "(...) the genus has a time
as long as that of the species, a time much slower than that
of the history of mentalities. [...] it seems natural. [...] That
is why it is so difficult to modify gender oppression"
(Segato, 2003, p. 153). Thus, in our view, in addition to
the exclusion of oppression and violence against women, it
is necessary to break what has been crystallized, so it is
proposed as an alternative to combating MVC:

Alternative one: One of the proposed ways is by
education, with libertarian pedagogies, whose practice is
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based on human rights, empathy, inclusion, diversity and
difference. The law itself "Maria da Penha" points out for
the relevance of education during the permanent process of
prevention and eradication of gender violence (Article 8):
educational campaigns; dissemination of educational
programs aimed at respecting human dignity and
combating prejudices to gender, beliefs, religion, sex,
ethnicities; qualification of professionals working with the
theme and inclusion in school curricula and political non-
censorship of gender issues (Brasil, 2021).

Alternative two: Quoting segato again (2017), this
states that the precarious in existence generates violence.
With the rates of inequalities already described in this
work, it can be seen that the public policies implemented
to combat MVC have hardly eradicated it, or social
inequalities. This is largely due to the absence of state
political interest and the establishment of neoliberalism as
a financial system inserted in structural racism. A
continuous act, although Brazilian laws are innovative,
their effectiveness is reduced by the absence of constant
political actions and investments (in pandemic Covid-19,
the lack of chance with the theme by the federal
government culminated in the reduction of public
investment — which should be included as public health —
which was notorious, because the Ministry of Women
spent only 53% of the budget of the portfolio, 2020), as
disclosed by the Chamber News Agency (Agéncia, 2021).

Also, the three: Eliminating machismo, misogyny,
patriarchalism, decolonization of legal education (again
the solution is education) and its institutions, is also a
solution for Vcm. Moreover, denaturalize the MVC and
break with this cruelty, from the feminist movements that
are also aimed at men, because what is sought is the
freedom of women, conquest of diverse spaces: conguest
of choice, decision, power, and financial autonomy and
social emancipation.

Moreover, the social relations that are constituted in
contemporary  society are marked by historical
constructions that determine different social roles to men
and women. In this sense, such historical attributions place
women in a situation of subalternity, who, in the face of
unequal gender relations, are the contingent that suffers the
most consequences in this sociability, that is, they become
hostages to diverse forms of oppression/exploitation
resulting from these relationships. (SILVA, 2021, p.34)

In a statement, the forms of oppression,
inequalities, discrimination, all this social
structure built on the basis of the sexual division
of labor allows patriarchy to establish itself as a
system that orders society, which pre-embodies
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capitalism, but is transmuted and incorporated
into the capitalist system. (SILVA, 2021, p.27)

As for women's labor rights, these have not yet been
established, it is necessary to recognize the female
contribution in everyday life to the production of added
value, that is, for the production of social wealth. Care for
household duties and children are roles played almost
exclusively by the female sex. The word "care" requires
special attention, as it has a much broader meaning when it
comes to public policies focused on the issue of gender.
Gender inequality presupposes a form of structural
inequality that is crossed by social relations. The term
"care" is imbricated in a social norm, which associates the
feminine with domesticity and which is expressed in the
sexual division of labor, thus, it is worth saying that its
meaning "primarily attributes to women the responsibility
to the family” (SORJ, 2010, p.57).

In times of globalization of the economy and
flexibilization of labor, there is a tendency of
public policies appear in a diversified scenario,
that is, for a good portion of the working class,
especially women, there is a kind of polarization
of workers in different groups, that is, for a part
of the female class, specifically the white
middle class can keep up with the flexibilization
of formal work. [...]. However, for the other
portion of women inserted in the productive
sphere, work becomes a contribution in family
income, which does not in itself guarantee the
support of the family. Generally, the functions
held by black and brown women are less
recognized, that is, under less favorable
structural conditions. The factors are many,
among them: low schooling, early motherhood,
high  vulnerability rates, among others
(LOMBARDI, 2010).

It should be worth noting that women's autonomy in
the context of public policies concerns the economic
situation of women, as a way of overcoming violence. In
this context, governmental and non-governmental actions
allied to international agencies, which seek to feed back
financial capital and interfere in the social issue, require a
specific look at the particularities of social formation in the
context of each country. (COUTO, 2010)

Finally, four. Socio-financial autonomy is essential for
the decision-making power of this woman, who can, from
her self-sufficiency, promote the break with daily
interaction with her aggressor, with precariousness,
poverty, non-professional qualification, improvement of
quality of life, health, well-being, environment of her and
her family.
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VI. FINAL CONSIDERATIONS

From the theoretical framework sought and the
analyses performed, it is perceived how complex the
theme of violence against women is. First, because it is not
only about pure and simple violence, but discussions
encourage tours of gender; prejudice; the institute of
patriarchy extremely natural and rooted in social culture;
and even in their institutions; in the lack of public
investment and mode of misimplementation of public
policy to do so (it should be constantly in the area of
public health).

Thus, after the research carried out, it is intended to
continue studying the theme, contributing and promoting
reflections. In addition, it is understood that coping with
violence against women should permeate all relevant
aspects of their lives and the society in which they live,
starting in teaching; decolonizing the school curriculum
with libertarian pedagogical practice; encouraging social
activism; entrepreneurship and training and professional
qualification, so that this woman can empower her life, her
choices, her decisions; which will provide not only her, but
the community in which she lives, the improvement of the
place, politics and the environment. That is, to give this
woman the possibility of seeing in herself and in other
women, their strength, their values, their emancipation,
their financial autonomy, their capacity and their self-
confidence.

ACKNOWLEDGEMENTS

Luciano da Silva Facanha and other authors would
like to thank the Coordination for the Improvement of
Higher Education Personnel - thanks to CAPES (Finace
code 001).

REFERENCES

[1] AGENCIA CAMARA DE NOTICIAS. Violéncia contra as
mulheres nas ruas cai durante a pandemia, mas aumenta
dentro de casa. (2021). Disponivel em:
https://www.camara.leg.br/noticias/797543-violencia-
contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-
aumenta-dentro-de-casa/. Acesso em 20 jan. 2022.

[2] ALVES J. S, MOREIRA L. E, Oliveira; R. G,
NATIVIDADE C. Mulheres em tempos de pandemia: um
ensaio tedrico-politico sobre a casa e a guerra. (2020).
Psicologia & Sociedade, v. 32. Recuperado de
https://www.scielo.br/j/psoc/a/93BpjQdGtPsILxs9SCSWhk
r/?lang=pt.

[3] ALVES, E. L. Empoderamento feminino como instrumento
de combate a violéncia politica. Resenha Eleitoral em
Nuvens (Floriandpolis), v. 23, n. 1, p. 51/70, 2019.
Disponivel em:

Page | 164


http://www.ijaers.com/
https://www.camara.leg.br/noticias/797543-violencia-contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-aumenta-dentro-de-casa/
https://www.camara.leg.br/noticias/797543-violencia-contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-aumenta-dentro-de-casa/
https://www.camara.leg.br/noticias/797543-violencia-contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-aumenta-dentro-de-casa/
https://www.camara.leg.br/noticias/797543-violencia-contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-aumenta-dentro-de-casa/
https://www.camara.leg.br/noticias/797543-violencia-contra-as-mulheres-nas-ruas-cai-durante-a-pandemia-mas-aumenta-dentro-de-casa/
https://www.scielo.br/j/psoc/a/93BpjQdGtPs9Lxs9SCSWhkr/?lang=pt
https://www.scielo.br/j/psoc/a/93BpjQdGtPs9Lxs9SCSWhkr/?lang=pt

Dantas et al.

https://revistaresenha.emnuvens.com.br/revista/article/view/
14/10. Acesso 20 jan. 2022.

[4] BEAUVOIR, S. de. O segundo sexo. Rio de Janeiro: Nova
Fronteira, 2009. 904 p.

[5] BENEVIDES, B; NOGUEIRA, S. (2020). BOLETIM N°
02/2020: Assassinatos contra travestis e transexuais em
2020. Antra Associagdo Nacional de Travestis e
Transexuais. (2020). Recuperado de
https://antrabrasil.files.wordpress.com/2020/05/boletim-2-
2020-assassinatos-antra.pdf.

[6] BRASIL. Presidéncia da Republica. Constituicdo da
Republica Federativa do Brasil/1988. Disponivel em:
http://www.planalto.gov.br/ccivil_03/constituicao/constituic
a0.htm. Acesso em: 20 Jan. 2022.

[71 BRASIL. Presidéncia da Republica. Lei n. 11.340/2006, de
07 de agosto de 2006. O Codigo Penal e a Lei de Execucéo.
Brasilia, 2006. Disponivel em:
http://www.planalto.gov.br/ccivil_03/_ato2004-
2006/2006/1ei/111340.htm .Acesso em: 20 Jan. 2022.

[8] BRASIL. Presidéncia da Republica. Lei n. 13.104, de 9 de
marco de 2015. Altera o art. 121 do Decreto-Lei n° 2.848, de
7 de dezembro de 1940 - Cddigo Penal, para prever o
feminicidio como circunstancia qualificadora do crime de
homicidio, e o art. 1° da Lei n® 8.072, de 25 de julho de
1990, para incluir o feminicidio no rol dos crimes
hediondos. Disponivel em:
http://www.planalto.gov.br/ccivil_03/_Ato2015-
2018/2015/Lei/LL13104.htm. Acesso em: 10 jan. 2022.

[9] BRASIL. Presidéncia da Republica. Lei n® 13.718, de 24 de
setembro de 2018. Altera o Decreto-Lei n° 2.848, de 7 de
dezembro de 1940 (Cdodigo Penal), para tipificar os crimes
de importunagéo sexual. Disponivel em:
http://www.planalto.gov.br/ccivil_03/_ato2015-
2018/2018/1ei/L13718.htm .Acesso em: 10 jan. 2022.

[10] BRASIL. Tribunal de Justica de Séo Paulo (7. Cémara).
Apelacdo Crime n° 0000311- 97.2014.8.26.0099. Apelante:
J.S. Apelada: M.P. Relator: Min. Alberto Anderson Filho,
15 de outubro de 2015.

[11] BRASIL. Tribunal de Justica do Rio Grande do Sul (5.
Turma). Apelacdo Crime n° 70080574668. Apelante: F.B.M.
Apelada: M.P. Relator: Cristina Pereira Gonzales. Porto
Alegre, 17 de julho de 2019.

[12] CASAGRANDE, L. S. Educando as novas geragdes:
representacdes de género nos livros didaticos de
Matematica. 2005. Dissertacdo (Mestrado em Tecnologia) -
Programa de P6s -Graduagdo Tecnoldgica, Centro Federal
de Educacédo Tecnoldgica do Paran, Curitiba.

[13] CAVALCANTE, S. M. P. Violéncia contra a mulher e
autonomia financeira: uma avaliacdo do atendimento do
Centro de Referéncia Francisca Clotilde de Fortaleza/Ceara.
2012. 192f. — Dissertacdo (Mestrado) — Universidade
Federal do Ceara, Programa de Pds-graduacdo em Avaliagcdo
de Politicas Publicas, Fortaleza (CE), 2012. Disponivel em:
http://www.repositorio.ufc.br/handle/riufc/5977. Acesso em
12 de abr. de 2022.

[14] CONSELHO FEDERAL DE PSICOLOGIA [CFP].
Referéncias técnicas para atuagdo de psicologas (0s) em

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

programas de atencdo a mulher em situagdo de violéncia.
Brasilia: CFP, 2013.

[15] COUTO, B. R. O direito social e a assisténcia social na
sociedade brasileira: uma equagdo possivel? 4 ed. Sdo
Paulo: Cortez, 2010.

[16] COUTO, M. T. & GOMES, R. Homens, salde e politicas
publicas: a equidade de género em questdo. Ciéncia e Salde
coletiva. 17 (10), p. 2569/2578, (2012). Disponivel em:
https://doi.org/10.1590/S1413-81232012001000002
Acesso em: 19 jan. 2022.

[17] DINIZ, D. E hora d STF responder o que significa uma
epidemia para a vida das mulheres. [Entrevista concedida a
Helena Bertho, em 22 de abril de 2020]. Azmina. (2020).
Recuperado de https://azmina.com.br/reportagens/debora-
diniz-e-hora-do-stfresponder-o-que-significa--uma -
epidemia-para-a-vida-dasmulheres/.

[18] Férum Brasileiro de Seguranga Publica. 22 edicdo (2019).
Visivel e invisivel: a vitimizacdo de mulheres no Brasil.
Recuperado de https://forumseguranca.org.br/quem-somos/.

[19] FOUCAULT, M. Vigiar e punir. Leya, 2014.

[20] GUEDES, R. N.; FONSECA, R. M. G. S. da. A autonomia
como necessidade estruturante para o enfrentamento da
violéncia de género. Revista da Escola de Enfermagem da
USP, v. 45, p. 1731-1735, 2011. Disponivel em:
https://doi.org/10.1590/S0080-62342011000800016. Acesso
em 12 de abr. de 2022.

[21] HANADA, H.; D’OLIVEIRA, A. F. P.; SCHRAIBER,
L. B. Os psicologos na rede de assisténcia a mulheres em
situacdo de violéncia. Revista Estudos Feministas. 18(1),
33-59, 2010. Disponivel em:
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S01
04-026X2010000100003 . Acesso em 19 jan. 2022.

[22] HEILBORN, M. L. Entre as tramas da sexualidade
brasileira. Estudos Feministas. Florianopolis: UERJ, 14(1):
336, janeiro-abril/2006.

[23] HELOANI, R. Assédio moral: a dignidade violada.
Aletheia, 22, 101-108. Disponivel em:
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=
S1413-03942005000200010 . Acesso em 26 jan. 2022.

[24] LIMA, P. M.; DANTAS, S. C. M,; OLIVEIRA, A. C. A;
FEITOSA, A. C. Precariedades no contexto da pandemia da
COVID-19: uma anélise dos dados sobre violéncia contra a
mulher no Brasil. International Journal of Development
Research, Vol. 11, Issue, 12, pp. 52575-52580, December,
2021. Disponivel em:
https://doi.org/10.37118/ijdr.23549.12.2021. Acesso em 02
jan. 2022.

[25] LOMBARDI, M. R. A persisténcia das desigualdades de
género no mercado de trabalho. In: COSTA, Albertina.
AVILA, M. B. de M. et. al. ( Orgs). Divisdo sexual do
Trabalho, Estado e crise do Capitalismo. Recife: SOS
CORPO- Instituto Feminista para a Democracia, 2010.

[26] MAEIR, J. P.; SEGOBIA, S. E. A institucionalizacdo do
machismo nas decisdes judicias brasileiras: uma analise do
caso Mariana Ferrer sob a Otica do principio da
imparcialidade. Entrementes: 172 ed., 2020. Disponivel:
http://sites.fadismaweb.com.br/entrementes/anais/wp-
content/uploads/2021/02/a-institucionalizacao-do-

Page | 165


http://www.ijaers.com/
https://antrabrasil.files.wordpress.com/2020/05/boletim-2-2020-assassinatos-antra.pdf
https://antrabrasil.files.wordpress.com/2020/05/boletim-2-2020-assassinatos-antra.pdf
https://antrabrasil.files.wordpress.com/2020/05/boletim-2-2020-assassinatos-antra.pdf
https://antrabrasil.files.wordpress.com/2020/05/boletim-2-2020-assassinatos-antra.pdf
http://www.planalto.gov.br/ccivil_03/constituicao/constituicao.htm
http://www.planalto.gov.br/ccivil_03/constituicao/constituicao.htm
http://www.planalto.gov.br/ccivil_03/constituicao/constituicao.htm
http://www.planalto.gov.br/ccivil_03/constituicao/constituicao.htm
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2018/lei/L13718.htm
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2018/lei/L13718.htm
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2018/lei/L13718.htm
http://www.planalto.gov.br/ccivil_03/_ato2015-2018/2018/lei/L13718.htm
http://www.repositorio.ufc.br/handle/riufc/5977
http://www.repositorio.ufc.br/handle/riufc/5977
http://www.repositorio.ufc.br/handle/riufc/5977
https://doi.org/10.1590/S1413-81232012001000002
https://doi.org/10.1590/S1413-81232012001000002
https://doi.org/10.1590/S1413-81232012001000002
https://azmina.com.br/reportagens/debora-diniz-e-hora-do-stfresponder-o-que-significa--uma%20-epidemia-para-a-vida-dasmulheres/
https://azmina.com.br/reportagens/debora-diniz-e-hora-do-stfresponder-o-que-significa--uma%20-epidemia-para-a-vida-dasmulheres/
https://azmina.com.br/reportagens/debora-diniz-e-hora-do-stfresponder-o-que-significa--uma%20-epidemia-para-a-vida-dasmulheres/
https://forumseguranca.org.br/quem-somos/
https://forumseguranca.org.br/quem-somos/
https://forumseguranca.org.br/quem-somos/
https://doi.org/10.1590/S0080-62342011000800016
https://doi.org/10.1590/S0080-62342011000800016
https://doi.org/10.1590/S0080-62342011000800016
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-026X2010000100003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-026X2010000100003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-026X2010000100003
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-026X2010000100003
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1413-03942005000200010
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1413-03942005000200010
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1413-03942005000200010
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1413-03942005000200010

Dantas et al. International Journal of Advanced Engineering Research and Science, 9(5)-2022

machismo-nas-decisoes-judicias-bras.docx.pdf. Acesso em
20 jan. 2022.

[27] PASINATO, W.; SANTOS, C. M. Mapeamento das
delegacias da mulher no Brasil. Nicleo de Estudos de
Género Pagu, Universidade Estadual de Campinas
PAGU/UNICAMP, 2008.

[28] PASINATO, W. Diretrizes para atendimento em casos de
violéncia de género contra meninas e mulheres em tempos
da pandemia da COVID-19. Brasilia. (2020). Recuperado de
http://www.onumulheres.org.br/wpcontent/uploads/2020/08/
Diretrizes-para atendimento_ ONUMULHERES.pdf.

[29] QUEM SOMOS... (2021). Forum Brasileiro de Seguranga
Publica. Recuperado de
https://forumseguranca.org.br/quem-somos/.

[30] QUIJANO, A. Colonialidade do poder, Eurocentrismo e
América Latina. In: Lander, Edgardo (org.). A colonialidade
do saber: eurocentrismo e ciéncias sociais. Perspectivas
latino-americanas. Buenos Aires: CLACSO, Consejo
Latinoamericano de Ciencias Sociales, 2005, p. 117/142.

[31] SAFFIOTI, H. I. B. Género, Patriarcado, Violéncia. Sdo
Paulo: Perseu Abramo, 2015.

[32] SCHRAIBER, L. B. & D'Oliveira; A. F. P. L; Falcdo, N.
T. C; Figueiredo, W. S. Violéncia déi e ndo é direito: a
violéncia contra a mulher, a salde e os direitos
humanos. Sdo Paulo: Ed. Unesp, 2005.

[33] SCOTT, J. Género: uma categoria Util de andlise historica.
Educagdo e Realidade. Porto Alegre, v. 20, n. 2, p. 71-100,
jul./dez., 1995.

[34] SEGATO, R. L. Las estructuras elementares de la violencia:
ensyos sobre género entre la antropologia, el psicoanalisis y
los derechos humanos. Bernal: Universidad Nacional de
Quilmes, 2003.

[35] SEGATO, R. L. Por qué la masculinidad se transforma en
violencia. La Voz. Buenos Aires, 2017. Disponivel em:
https://www.lavoz.com.ar/ciudadanos/por-que-la-
masculinidad-se-transforma-en-violencia. Acesso em: 12
jan. 2022.

[36] SILVA. A. M. Violéncia contra a mulher: uma andlise sobre
as estratégias de enfrentamento da Rede Sécio Assistencial
no municipio de Ouro Preto. 2021. 71 f. Monografia
(Graduagdo em Servico Social) - Instituto de Ciéncias
Sociais Aplicadas, Universidade Federal de Ouro Preto,
Ouro Preto, 2021. Disponivel em:
http://www.monografias.ufop.br/handle/35400000/3004.
Acesso em 12 de abr. de 2022.

[37] SORJ, B. Os Cuidados com a familia e as desigualdades de
género e de classe. In: COSTA, Albertina. AVILA, Maria
Betania de Melo. et. al. ( Orgs). Divisdo sexual do Trabalho,
Estado e crise do Capitalismo. Recife: SOS CORPO-
Instituto Feminista para a Democracia, 2010.

[38] SOUZA, T. M. C.,; SOUSA, Y. L. R. S. Politicas
publicas e violéncia contra a mulher: a realidade do
sudoeste goiano. Revista SPAGESP, 16(2), pp. 59-74.
(2015). Disponivel em:
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=
S1677-29702015000200006 . Acesso em 19 jan. 2022.

www.ijaers.com

Page | 166


http://www.ijaers.com/
http://www.onumulheres.org.br/wpcontent/uploads/2020/08/Diretrizes-para%20atendimento_ONUMULHERES.pdf
http://www.onumulheres.org.br/wpcontent/uploads/2020/08/Diretrizes-para%20atendimento_ONUMULHERES.pdf
https://forumseguranca.org.br/quem-somos/
https://forumseguranca.org.br/quem-somos/
https://forumseguranca.org.br/quem-somos/
http://www.monografias.ufop.br/handle/35400000/3004
http://www.monografias.ufop.br/handle/35400000/3004
http://www.monografias.ufop.br/handle/35400000/3004
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-29702015000200006
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-29702015000200006
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-29702015000200006
http://pepsic.bvsalud.org/scielo.php?script=sci_arttext&pid=S1677-29702015000200006

International Journal of Advanced
Engineering Research and Science

International Journal of Advanced Engineering Research
p and Science (IJAERS)

Peer-Reviewed Journal
ISSN: 2349-6495(P) | 2456-1908(0)
Vol-9, Issue-5; May, 2022

Journal Home Page Available: https.//ijaers.com/ i
Article DOI: https://dx.doi.org/10.22161/ijaers.95.15 - s

1s

loameitesc) dchal it
| I paciitisaunn s

Effluent Treatment System for Low Loads — Biodigester:

Case Study

Pedro Carlos Lemos da Costal, Fabiano Battemarco da Silva Martins?, Marcelo de Jesus
Rodrigues da Nobrega®, Luiz Affonso de Paula Junior?

!Department of Environmental and Sanitary Engineering, Gama e Souza University, Brazil

Email: pclemos.costa@gmail.com

2Department of Environmental and Sanitary Engineering, Gama e Souza University and Santa Ursula University, Brazil

Email: fabianobattemarco@gmail.com

3Department of Environmental and Sanitary Engineering, Gama e Souza University and Santa Ursula University, Brazil

Email: engmarcelocefet@terra.com.br

“Department of Education Sciences, Columbia University of Paraguay, Paraguay

Email: luizaffonso1002@gmail.com

Received: 15 Apr 2022,

Received in revised form: 08 May 2022,
Accepted: 15 May 2022,

Available online: 23 May 2022

©2022 The Author(s). Published by Al
Publication. This is an open access article
under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

Keywords— Compact System. Anaerobic
treatment. Sanitation.

Abstract— Water is an extremely important resource for the maintenance
of life on earth and several human activities depend on it for its
development, such as: agricultural production, industrial activities and
energy generation. It is estimated that in a short time this resource, which
has already been considered renewable, will be the object of conflict
between nations. In order to be able to continue enjoying this asset,
measures are needed to maintain the quality of water sources, such as the
proper treatment of sanitary sewage for the discharge of water bodies. In
this context, the present work aims to present a low load sanitary effluent
treatment equipment that can be adopted in homes and industries, the
Biodigester by the FIBROMAR company. This equipment has 03
chambers, where the first two work as an RAFA (Ascending Flow
Anaerobic Reactor) and the last as an Anaerobic Filter. It was installed
for evaluation in an industrial shed receiving the contribution of 10
people during business hours, where in 2015, after 06 months of use, the
analyzes performed showed efficiency values in the removal of 87% DBO
(61.00 mg/l) and final concentration of RNFT 25.00 mg/I efficiency of the
equipment to meet CONAMA No. 430/11 (supplementary No. 357/05) and
NT-202-R10 (INEA-RJ). Recently in 2021, the analyzes were repeated to
evaluate the system's functioning, the results showed DBO removal
efficiency 93% (8.00 mg/l) and Total Suspended Solids less than 10 mg/I,
remaining within the parameters of legislation previously evaluated and
in line with recent legislation (NOP 45 — CONEMA 90).

l. INTRODUCTION
Water

is an extremely important resource for the

renewable natural resource, however, it is estimated that in
a few years it will be the object of conflict between nations
(DA COSTA, 2018).

maintenance of life on the planet, from simple activities
such as consumption to agricultural and industrial
production and energy generation. It is considerate a
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One of the great challenges that humanity will face in
the coming years will be to reconcile the expansion of
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society is using natural resources in a sustainable way
(VIEIRA, 2003). Among these resources with enormous
importance are water sources, where, according to Jorddo
& Pessoa (2017), most of the sewage is released into
rivers, lakes, bays and oceans, thus altering their
physicochemical capacities.

According to Metcalf & Eddy (2016), sewage
treatment methods began with a focus on public health and
the adverse conditions caused by the discharge of sewage
into the environment.

As for effluents of sanitary origin, they need to be
treated so as not to generate environmental pollution,
avoiding risks to man and his environment (BENJAMIN,
2015).

As an option to minimize these impacts, low load
biological treatment systems have been adopted in order to
reduce the organic load of the effluent. The best known are
septic tanks, anaerobic filters and biodigesters.

The present work aims to present, through a case study,
a model of treatment of low loads carried out by a
biodigester, which aims to serve small residences (urban
and rural), small businesses, restaurants and industries
(generation of sanitary sewage).

Thus, we seek to present the academic community with
a low-cost option for places with low effluent generation
and with high efficiency.

1. DEVELOPMENT
2.1 Literature Review

According to the diagnosis of water and sewage services of
the Ministério das Cidades of Brazil based on 2019 year, it
indicates that in 54.1% of the country are covered with
sanitary sewage collection services, with 61.9% meeting in
the urban area and considering the portion of treated
sewage, 78.5% go to Effluent Treatment Stations (SNIS,
2020).

According to Chernicharo (2016), it is evident that in
the country there is a low rate of coverage of sewage
collection networks, however, this is itself does not
constitute an aggravating factor for unfavorable sanitary
conditions. In developed countries with a large population,
they adopt individual systems of treatment and disposal in
the soil, however, in Brazil, there is a wide experience in
the use of these, but not the technical rigor in the design of
the project and operational control, resulting in inefficient
systems (CHERNICHARO, 2016).

Domestic sewage consists of 99.9% water, the
remaining fraction includes organic and inorganic solids,
suspended and dissolved, as well as microorganisms.
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There is a need to treat sewage for this fraction of 0.1%
(VON SPERLING, 2014).

In domestic sewage, the biological and physical-
chemical characteristics vary according to the
socioeconomic and health classes of the population, the
nature of the water used and industrial waste (NUNES,
2014).

Lehmann and Medeiros (2019), describe the
parameters for urban waters with high, medium and low
concentrations. Regarding DBO, the values presented for
high, medium and low are with the concentration in mg/I
between 300, 250 and 120, respectively.

When raw sewage accumulates making it septic, the
decomposition of the organic matter contained therein
leads to the production of unpleasant by-products, such as
the generation of bad odors, in addition to the various
microorganisms that develop in the human intestine
(METCALF & EDDY, 2016).

One of the main causes of pollution to water bodies and
organic matter, the microorganisms present in its
metabolic processes, consume dissolved oxygen for its use
and stabilization (VON SPERLING, 2014).

According to Jorddo & Pessoa (2017), one of the most
used methods to measure the amount of organic matter
presents is through is the determination of the Biochemical
Oxygen Demand (DBO). This determination measures the
amount of oxygen required to biologically stabilize the
organic matter in a given period of time (05 days).

Biological unit processes are used primarily for the
removal of biodegradable, colloidal and dissolved organic
substances dispersed in sewage by biological activity
(METCALF and EDDY, 2016).

The treatment method using the biodigester has existed
for more than two centuries, with good responses
regarding treatment, waste use and energy use (FRIGO et
al., 2015).

The biodigester is a closed chamber where the organic
material is placed in an aqueous solution, which undergoes
the anaerobic decomposition process, with the
decomposition of organic matter accumulated in the upper
part of the layer as a product (DEGANUTTI et al., 2002).

According to Chernicharo (2016), in the process of
anaerobic digestion, it is considered as an ecosystem where
several groups of bacterial colonies act in the process of
converting organic matter into methane, carbon dioxide,
water, hydrogen sulfide, ammonia and other bacterial cells.

Low load digesters are built in a single compartment
and do not have mixing mechanisms, usually the process
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of digestion, sludge densification and supernatant
formation occurs (CHERNICHARO, 2016).

Considering the treatment of effluents by anaerobic
digestion, residential systems called septic tanks follow the
same principle as biodigesters. Historical research records
that in 1860 Jean Louis Mouras invented the septic tank by
making a compartment in masonry before entering the
sinkhole. The effluents from a residence in Veoul in
France were sent, where the house opened 12 years later
did not have the number of solids that was imagined
(JORDAO & PESSOA, 2017).

According to Jorddo & Pessoa (2017), the septic tank is
a compartment intended to treat one or more homes with
simplicity and reduced cost, seeking to treat the effluent in
proportion to its simplicity and cost.

As treatment systems for high loads, anaerobic sludge
blanket reactors (UASB, RAFA, RAMA, RALF among
others) are adopted. at 10 hours, resulting in the efficiency
of organic matter around 70% (CHERNICHARO, 2016).

According to the Brazilian Association of Technical
Norms (ABNT, 1993), the usual detention times in septic
tanks vary from 12 to 24 hours, where they are also
oriented on the contribution adopted to each activity and
sludge generation, as well as relating parameters related to
temperature.

Also adopting the anaerobic digestion process,
anaerobic filters have been widely used for complementary
treatment to septic tanks according to concepts maintained
in NBR 13.969/97 (CHERNICHARO, 2016).

Anaerobic filters, although they can be used as the
main treatment unit, are more suitable as post-treatment
units, giving the treatment high operational safety and
quality in the final effluent (CHERNICHARO, 2016).

In NBR 13.967/97, the anaerobic filter is defined as a
compartment where a biological reaction takes place,
consisting of an empty lower layer and an upper layer
filled with a filter bed where the fixation of facultative
organisms that act in the degradation of organic matter
acts. It also addresses the dimensioning of the unit, filling
material and dimensions of the compartments (ABNT,
1997).

According to Metcalf and Eddy (2016), anaerobic
filters can be classified as fixed bed reactors, where the
bed can be filled with some type of matter, such as stone,
ceramic or more commonly used plastic material, and its
flow can be ascending or descending.

According to Chernicharo (2016), for the dimensioning
of larger treatment units, applied to post-treatment of
effluents from anaerobic reactors, hydraulic detention
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times ranging from 5 to 10 hours can be adopted. related to
the type of filter media and bed height.

For the release of treated effluents, according to
CONAMA 430 (Brasil, 2011), the parameters for the
release of effluents of sanitary origin the parameter
referring to the concentration of DBO in the maximum
limit of up to 120 mg/l, and the limit may exceed in the
case of effluent with a minimum efficiency of 60% of
DBO or through a self-purification study that shows that
the receiving body is capable of receiving the remaining
concentration without compromising its quality.

The competent environmental agency may, at any time,
add other conditions to the treatment and make them more
restrictive, aiming at the conditions of the receiving body
and even requiring new environmentally appropriate
technologies (Brasil, 2011).

According to NT-202-r10 (FEEMA-RJ, 1986), it
established standards for the release of liquid effluents for
potentially polluting activities, as for the release criteria
referring to DBO, the legislation established that specific
guidelines should be followed.

For several years, the legislation that directed the
release parameters regarding the removal of carbonaceous
organic matter was DZ-0215.r4. According to DZ-0215.r4
(INEA-RJ, 2007) the DBO removal parameters varied
according to the total daily organic load of the enterprise,
ranging from 30% (organic load less than
5.00KgDBO/day) to 85% (organic load greater than
80.00KgDBO/day) of removal, recommending which type
of technology could be adopted to achieve the desired
efficiency.

Recently, the CONEMA resolution (State of Rio de
Janeiro, 2021) approved legislation that establishes the
criteria for sanitary sewage discharge standards in the state
of Rio de Janeiro, being applied to all buildings
(residential, commercial, ports, concessionaires and
treatment). of sanitary sewers) NOP 45 — INEA-RJ, fully
amending DZ-0215.r4 and NT-202-r10.

According to NOP 45 (INEA-RJ, 2021), new
parameters for DBO removal, among other ranges, these
two stand out where it establishes concentration limits of
120 mgO2/L and total suspended solids of 110 mg/l for
higher organic loads at 80 Kg.DBO/day, the DBO
concentration values at the outlet have a limit of
40mg.02/L and total suspended solids of 40mg/l, where
the former differs from DZ-0215.r4 where the limit is
180mg.02 /L was replaced making it more restrictive and
the upper bound was kept.

The equipment used in the case study was a biodigester
made by the FIBROMAR Group. This equipment is
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characterized by a single tank developed in FRP
(Fiberglass Reinforced Polyester), where through the
cylindrical section, the equipment is divided into 03 equal
parts. Where in the first 02 chambers, an ascending flow
septic tank is configured and 01 chamber is composed of
an Ascending Flow Anaerobic Filter in a total volume
equivalent to 1,000L. In Fig. 1, we can see the floor plan
of the treatment system and its divisions.
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Fig. 1: Plant drawing of the equipment with the divisions
of the lowlands. Source: Company's technical department
of FIBROMAR.

Laie da fibrs de vidro com 1uracio 20mm

3" Etapa - Filtro anaecobio

]2 Etapa - Tanque Sépieo

2 Tubo de Distribuicso
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Fig. 2: Cutaway drawing of the transition from the 2nd
(Upflow Septic Tank) to 3rd (Upflow Anaerobic Filter)
Chamber. Source: Company's technical department of

FIBROMAR

In Fig. 2, it can be seen in section how the passage
from the 2nd chamber to the 3rd chamber is made, where
the compartment corresponds to the anaerobic filter, the
filtering medium adopted in the equipment is the plastic
corrugated (conduit). According to Chernicharo (2016),
plastic materials have an advantage over the gravel
adopted in conventional filters due to their low density,
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providing bed mobility and reducing the risk of clogging,
as well as their greater contact surface for bacterial colony
formation (100 m?). /m3).

2.2 Methodology

For the development of the work, the biodigester was
applied to treat the sanitary effluents of a part of the
factory corresponding to a bathroom where 05 people used
it during business hours (08:00h to 17:00h - Monday to
Friday), at first, the results found were obtained after 08
months of implantation. In the second moment, this
analysis was repeated to evaluate the system implemented
after 06 years of installation.

It is important to emphasize that during this period the
operational procedures for the correct functioning of the
system occur regularly (removal of the annual portion of
the excess sludge).

This equipment was installed in the industrial bathroom
of the factory environment where daily around 10
employees use the treatment system from 07:00h to
17:00h. It is noteworthy that the installed system had a
period of 6 months until the collection of the first sample
to be analyzed for the maturation of the bacterial colony,
where, according to Chernicharo (2016) the biological
system takes from 03 to 06 months for acclimatization. of
organic matter without performing the inoculation. In Fig.
3(a) and 3(b) we can observe the moment of collection.

It is important to emphasize that the collections were
made in simple ways (one sample at the entrance and
another at the exit) to evaluate the treatment capacity. As
can also be seen in Fig. 3(a) and 3(b) by a collection point
through a tap installed in the tank in the first and third
chambers.

Fig. 3: (a) shows the time of collection of the raw influent;
(b) the treated effluent. Source: Company's technical
department of FIBROMAR.
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In the first performance of the analyzes carried out in
2015, the parameters of DsBO2 € RNFT were analyzed to
evaluate the removal efficiency and as the equipment was
installed in the municipality of Pinheiral-RJ, the results
were compared with the values required in the DZ-215- r4,
NT-202-R10 and CONAMA 430/11.

In this second analysis carried out in 2021, the results
found were compared with the parameters established in
NOP 45-INEA-RJ, which was prepared in February 2021
and entered into force in August 2021 (180 days after its
elaboration).

International Journal of Advanced Engineering Research and Science, 9(5)-2022

1. RESULTS AND DISCUSSION

A simple collection was carried out in the equipment inlet
pipe and at the outlet at the same time and taken to the
accredited laboratory for analysis in November 2015. It
can be verified in Table 01 in the following parameters
DsBO2 and RNFT:

Table 01: Input and output sample results (06 months after system installation).

Parameter Input Output Efficiency DZ-0215-r4 | NT-0202-R10 | CONAMA 430/11
BOD (mgl/l) 469,2 61,00 86,99% 180 180 120
RNFT (mg/l) - 25,00 - 180 - -

Source: Technical Department of the company FIBROMAR — Result presented by Test Report No.: 21842.2015.A- V.0 —
AMPRO Industrial Analysis — Date 10/02/2015.

It is observed that the parameter referring to DBO had
a removal efficiency of 86.99%, a result above what is
requested by the DZ-215-r4 (InEA-RJ effluent treatment
guideline), a standard that requires the treatment minimum
of 30% removal for organic load below 5.00 Kg.DBO/day
and 65% for organic load between 5 and 25 Kg.DBO/day.
The result also meets the requirements of CONAMA
430/11 (Federal directive) which requires 120 mg/l for
sanitary effluents and requires at least 60% of DBO

removal by means of a self-purification study of the
receiving body.

As for the RNFT parameter, it appears that the value of
25.00 mg/l is lower than the values established in the DZ-
215-r4.

In the second analysis carried out in June 2021, 06
years later, it evaluated the parameters of DBO, COD, SS,
SST, mineral oils and vegetable oils. Table 02 shows the
results found below:

Table 02: Input and output sample results (06 years after system installation).

Parameter Input Output Efficiency :\:\?Eillg‘] C(Z:l)’\l O'?‘ll\l/lA
BOD (mg/l) 122,00 8,00 93,44% 120 120
COD (mg/l) 155,50 77,20 50,35% - 120
Sedimentable Solids (mL/L)* 0,50 <0,10 80,00% 1 1
Total Suspended Solids(mg/1)* 11 <10 9,09% 110 Auséncia
Mineral Oils (mg/l)* <5,00 <5,00 0,00% 20 20
Vegetable O(i:Ts;;/rll)d*Animal Fats <5.00 <5.00 0.00% 50 50

Source: Technical Department of the company FIBROMAR — Result presented by Test Report No.: 47792/2021- 0.A -
Analytical EP - Date 06/25/2021.

It is observed that in relation to DBO, despite the value
found is close to the concentration of light sanitary
sewage, the results showed an efficiency of 93.44%, with
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the results within the parameters established by NOP 45 -
INEA-RJ. It can be observed that for the other parameters
of settling solids and total suspended solids the values also

Page | 171


http://www.ijaers.com/

Costa et al.

comply with current legislation, however, their input
values are very low. It is important to emphasize that in
Fig. 3(a) it shows the collection of raw effluent was carried
out by a faucet installed on the side of the equipment.
Thus, the low values found at the entrance of the
equipment are justified because as the flow is ascending,
the material collected has already undergone a first process
of degradation and sedimentation of the first chamber.

The values referring to mineral oils and vegetable oils
and fats present a very low concentration due to the
activity of not having generation of these compounds in
the activity performed.

This efficiency in the treatment is justified by the
process adopted in the treatment having the configuration
of the ascending flow, promoting the contact of the organic
load with the sludge blanket where the bacterial colony is
installed in the first two compartments, different from the
conventional septic tanks where the flow is horizontal.
decanting and non-contact with the sludge blanket. In the
3rd chamber, where the compartment referring to the
anaerobic filter is located, the adoption of low-density
material with a high specific area, which is the anaerobic
filter, allows for a better polishing in the system and as the
material is mobile, clogging does not occur. of the bed.
The improvement in efficiency presented from the first to
the second analysis can be justified by the stabilization of
organic matter due to the long period of installation of the
system and the periodic maintenance that occurs regularly
(removal of excess sludge).

In Fig. 04 below, it is possible to observe the visual
aspect of the effluents collected at the entrance and exit of
the equipment.

Fig. 4: Comparison of samples — On the left side the raw
effluent and on the right side the treated effluent. Source:
Prepared by the author (2021).
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AVA CONCLUSION

The equipment provided by the company FIBROMAR
meets guaranteed DBO and RNFT removal efficiency,
surpassing conventional treatment processes. The adoption
of upward flow has significantly influenced the increase in
DBO removal from conventional systems. The conduit
used as a filtered medium is an alternative that also
influences the improvement of efficiency and prolonging
the useful life of the equipment. Regarding the analysis
parameters the equipment complied with both old and
current legislation, in the federal and state.

With this, it can be said that for low organic loads the
equipment safely meets the current environmental
requirements and is ideal for places with low number of
contributors such as residences and small standards.

In this work, only one aspect of the by-products of
anaerobic digestion was analyzed, the treated effluent. As
a suggestion for future works, it is of great value for those
equipments at agricultural communities with the use of the
generated sludge for fertilization. The generation of
methane (CH4) and its forms of use within the property
would also be evaluated, thus being an alternative for
sustainable use and quality of life for local residents.
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Abstract— This study aims to evaluate the relationship between soil
management and its loss by rainfall erosion in the watershed of the
Guajara-Mirim river. The methodology used was essentially carried out by
remote sensing, literature review and the application of the Universal Soil
Loss Equation (USLE), with the geoprocessing of matrix and vector files in
the QGIS software. The results show that, in relation to soil management in
the study region, considering that it is a plain and that there were no
measures to control soil erosion, its loss by rainwater transport is
aggravated the greater the exposure of the soil, that is, the removal of
vegetation and the revolving soil horizons. This assertion is evidenced by
the greater soil loss in the areas mapped for sand extraction and
deforestation by calculating the Universal Soil Loss Equation.

l. INTRODUCTION

According to the provisions of item Il, article 3 of the
National Environmental Policy [1], the degradation of
environmental quality consists of adverse changes in the
Such unfavorable
alteration may have a natural or anthropic origin. In cases
where the origin is natural, it can be said that unavoidable
losses have occurred. Otherwise, when
degradation is caused by human intervention, the loss of
environmental quality would be avoidable and the human
being assumes the role of responsible for altering the
quality of the environment, which may or may not exceed

characteristics of the environment.

disasters or

its capacity for natural self-recovery [2].

The process of soil erosion

consists
disaggregation, transport and deposition of parts of the
soil, whether small grains or larger amounts, and may be
caused by the action of natural agents, mainly water and

rainfall is one of the main causes of soil fertility loss, being
observed mainly in areas with high rainfall, exposed soil
and uneven topography. Wind erosion is related to arid and
semi-arid climate zones that present exposed soil, both in
plains and in irregular reliefs [3].

From a physical point of view, what causes soil loss
due to rainfall erosion is the impact of the raindrop against
the soil (splash) and the surface runoff of water (soil drag).
The susceptibility to erosion of an area depends on certain
physical characteristics, which include the nature of the
soil (texture, structure and porosity), the rainfall rate of the
region, relief and soil cover [3].

It has been developed about water erosion in
hydrographic basins in order to estimate the soil loss
caused by the action of rain over time. This measurement
can help in decision-making in soil management plans, and
one of the main ways of calculating to estimate soil loss

of the

wind, or by human pressure. Water erosion caused by
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from rainfall erosion is the Universal Soil Loss Equation
[4], [5].

Deforestation and fires with a view to agricultural and
logging use are among the human causes that aggravate
soil erosion by the action of rain, reducing the amount of
organic matter in the surface layers of the soil, as well as
losses in the aggregation between particles and a drop in
fertility [6].

The intensive use of agricultural equipment and
grazing are also potential factors for increasing soil
erosion, as they leave the soil compacted and with little
vegetation  cover.  Mineral exploration in an
environmentally unregulated manner is also a factor to be
considered, since soil disturbance and exposure to physical
weather favor the leaching process, and the risk of leakage
in ore tailings dams must also be considered [2].

Geographic Information Systems (GIS) currently
represent a set of computational tools of great use for
professionals in the environmental area [7]. They
specialize in acquiring, storing, retrieving, transforming
and issuing geospatial information. Your data depict real
objects in terms of cartographic position, non-apparent
attributes, and topological relationships. A GIS can be
used in environmental studies, in the prediction of certain
phenomena and in supporting planning decisions,
considering the concept that the stored data represent a
model of the real world [8].

Among the most used geoprocessing software today,
QGIS stands out in this work for its relevance in the
academic and  professional  environment,  being
characterized as free, open source (programmers can
contribute to its improvement with new tools) and have
regular updates [9].

Therefore, as in the Guajara-Mirim river microbasin
area, there are several land uses with different potential for
rainfall erosion and, in view of the importance of
preserving soil quality, an attempt was made to classify
and quantify the land cover areas and their respective
losses from rainfall erosion through the application of the
USLE in the QGIS software.

This study evaluated the relationship between soil
management and its loss by rain, in the watershed located
on the banks of the Guajard-Mirim river, Vigia - PA,
through the application of the Universal Soil Loss
Equation (USLE) in the geoprocessing software. QGIS .
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1. THEORETICAL REFERENCE
2.1 Photointerpretation

The use of satellite images, in the scope of
geotechnologies, is invariably related to the process of
photointerpretation of the identifiable categories in the
area of interest. Satellite and drone images allow a detailed
analysis of the ground surface and are treated in
Geographic Information Systems (GIS). The affirmation of
this type of analysis depends on the spatial resolution of
the satellite images, as well as the technician's ability to
visually recognize the land uses of the specific region [10].

The classes of soil cover or use and occupation may
vary according to the scope of the study and the
nomenclature adopted, and they generally involve: native
vegetation; secondary vegetation; agriculture; clean
pasture; dirty pasture; logging; burned; hydrography; rock
formation; wooded areas; anthropized, civil construction
and industrial areas [7].

2.2 Universal Soil Loss Equation (EUPS)

The Universal Soil Loss Equation - EUPS was
developed by assistant scientists at the US Department of
Agriculture [4], [5]. Its purpose is to predict the long-term
average rate of soil erosion using six physical variables
(2). It should be noted that its application is intended to
calculate the loss of soil from laminar erosion or surface
furrows, its formulation does not predict river bed erosion,
as well as other more severe forms of erosion, such as
ravines and gullies [11].

A=RKLSCP 1)

Where: A is the estimated soil loss in ton per hectare per
year (t hat year?);

R is the rainfall erosivity factor, the potential for rainfall to
cause erosion (MJ mm ha! ht year?);

K is the soil erodibility factor, the ability of the soil to
resist the erosive process (t h MJ*t mm™);

LS is the topographic terrain factor, taking into account the
ramp length (L) and the terrain slope factor (S),
dimensionless;

C is the land use and management factor, proportional to
the type of cover that is on the ground (dimensionless);

P is the conservation practices factor, it identifies erosion
control measures applied in the region of interest
(dimensionless).

. METHODOLOGY
3.1 Study area

The study area is the Guajard-Mirim river watershed,
located in the central region of the municipality of Vigia,
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in the state of Pard. According to Faustino [12],
hydrographic sub-basins are drainage areas of the
tributaries of the main watercourse, ranging from 100 km?
to 700 km2. To a lesser extent, a microbasin has a drainage
area to the main river of the sub-basin and an area of less
than 100 km2 [12]. Therefore, several watersheds form a
sub-basin. The study area fits as a watershed because it has
an area estimated by remote sensing of 96,541 km?

The estimated population in 2021 in the municipality
of Vigia (PA) is 54,650 inhabitants, with a territorial area
of 401,589 km? and a population density of 88.83
inhab/kmz2. In livestock, the local economy stands out for
the tambaqui aquaculture, for the creation of cattle and
chicken herds and for the cultivation of honey, in addition
to breeding buffaloes, goats, horses, sheep and pigs [13].

Vigia integrates the mesoregion of Northeast Para and
the microregion of Salgado, forming part of the Amazon
biome [13]. According to Kottek et al. [14] the
municipality is included in the Koppen climate
classification, presenting a tropical monsoon climate (Am),
with a brief dry season and an average annual rainfall that
can vary from 1750 to 3000 millimeters.

The cartographic scale of Figure 1 refers to the main
map of the study area, the secondary map of the location of
the municipality is illustrative.
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Fig. 1. Location map of the Guajara-Mirim river
watershed in Vigia (PA).

3.2 Software, satellite image and vector base

The elaboration of thematic maps was performed in the
geoprocessing software QGIS 3.16.8 Hannover. For the
location map of the watershed, a scene from the CBERS
04A satellite was used, with a capture date on 08/20/2020,
quadrant 211/114 (Path/Row). For the selection of the best
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image in the Image Generation Division [15] the one with
better visibility, less presence of clouds and the most
recent imaging date, with temporal resolution from
01/01/2020 to 07/31/ 2021. The cartographic bases of the
municipalities and states used were the IBGE [13]

3.3 Composition of CBERS 04A satellite spectral bands

The image composition in natural colors of the CBERS
04A satellite was made in the QGIS 3.16.8 Hannover
software, through the composition of bands 3 (red), 2
(green) and 1 (blue) of 8 meters of resolution, with band 0
(panchromatic) of 2 meters of resolution, improving the
spatial resolution of the image from 8 to 2 meters in the
area of interest [16].

3.4 Correction of the Digital Elevation Model

One of the necessary input data for the elaboration of
USLE thematic maps is an altitude raster. It took 4
quadrants to fully cover the area of interest, obtained from
the Topodata project website, which provides 30-meter
spatial resolution SRTM (Shuttle Radar Topography
Mission) radar images: 00S495, 015495, 00S48 and 01548
[17]

An altitude raster usually presents imperfections in its
primary state, as there is no perfect digital elevation
model, given the complexity of the earth's surface and the
level of geometric fidelity that geoprocessing software
provides, but there are technically acceptable models. To
alleviate the imperfections, three processes were
necessary: the removal of negative altitude values [18];
filling in the pixels without data (tiny blank spaces) [19];
and the leveling of spurious depressions (pixels with
incongruent values in relation to their immediate altimetric
neighborhood [20].

To correct the negative altitude values, the Raster
Calculator function of the SAGA (System for Automated
Geoscientific Analyses) in QGIS was used, with the input
of the formula: “ifelse (a<0, 0, a)”, which considers
negative values as zero altitude and maintains the other
values [18],[21].

To fill in the tiny blank spaces, we used the Fill no data
function, with the default setting. In this way, the software
fills the blank values with values that are in accordance
with the most likely statistic of the pixel neighborhood
[19]

To correct the spurious depressions, SAGA's Fill sinks
(Wang & Liu) tool was used, which flattens the altitude of
pixels with outliers. After these technical procedures, there
is a Hydrologically Consistent Digital Elevation Model
(HCDEM), with altimetric values closer to reality [20]
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3.5 Rain Erosivity Factor (R)

The method of calculating the factor R proposed by
Lombardi Neto and Moldenhauer [22] was implemented,
which arrived at Equation 2, derived from the regression
between the average monthly erosion index and the rainfall
coefficient.

pE
E‘rmensal = 68-730(3)0341 (2)
Where: El is the monthly average of the erosion index
(MJ.mm/ha.h.year);

p indicates the average monthly rainfall (mm);
P indicates the average annual precipitation (mm).

To obtain the annual rainfall erosivity factor, it is
necessary to calculate the average of the El values for the
12 months of the year (3). The historical series used was
from the years 1990 to 2020. The average of R was
calculated for each sample year and the average of 31
years (4), which is the final value considered for the map
algebra (R factor of USLE). The data used were
downloaded from the Hidroweb platform of the National
Water Agency [23], selecting the rainfall station in Vigia
(PA). The calculation of the mentioned formulas was done
in the Excel 2019 program [22].

Ranua,l' _ 11:21 E‘r(":)mensal
12 3)
3L R(D pnuat
R ) _ i=1 anua
final 31 (4)

3.6 Soil Erodibility Factor (K)

The soil erodibility factor K depends on the geological
knowledge of the soil in question. According to the Soil
Map of Brazil [24], the Guajara-Mirim river watershed in
Vigia (PA) is predominantly located in the patch of
dystrophic yellow latosol of medium texture, with
pedological formations of dystrophic concretionary petric
plintosol and neosol orthic quartzarenic.

According to the Geodiversity Cartographic Survey of
the State of Para [25], the watershed of the Guajara-Mirim
River is part of the lithological formation of Post-Barreiras
Sediments. It has a characteristic presence of consolidated
and semi-consolidated sands, yellowish cream and white,
with fine to medium granulometry, containing a fraction of
clay and millimetric quartz clasts. In a field survey in the
area, the authors of the present study found the presence of
quartzarenic neosols in the sand mineral extraction areas.
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3.7 Topographic Factor (LS)

The method applied in the QGIS 3.16.8 software to
calculate the LS topographic factor was carried out using
the field-based SAGA (System for Automated
Geoscientific Analyses) Factor LS tool. A Digital
Elevation Model (DEM) is required as input, and
catchment areas are derived according to Freeman's
computational model, being used instead of the slope
factor originating from the EUPS [26], [21].

As a DEM with a spatial resolution of 30 meters was
inserted [17], the resulting raster has this same
characteristic. The selected LS topographic factor equation
that allowed automatic calculation in QGIS was developed
and described by Desmet and Govers [27].

3.8 Soil Cover Factor (C)

The soil cover classes were identified in the Guajaréa-
Mirim river microbasin through photointerpretation and
manual vectorization in the QGIS 3.16.8 software and
comparison with the classes from the shapefile provided
by ESRI, Use and Occupation of Soil of Globo Terrestre
for the year of 2020, with a spatial resolution of 10 meters
[28]. The soil cover classes adopted and identified were:
native vegetation, secondary vegetation, clean pasture,
dirty pasture, hydrography, dam, anthropized area,
deforestation and mineral extraction. An attempt was made
to use nomenclatures similar to those of the TerraClass
Project by Embrapa [29].

The native vegetation is characterized by the presence
of dense forest and closed canopy, presenting
predominantly dark green coloration, with no identifiable
water courses below this vegetation by the orthogonal
view. The secondary vegetation is characterized by shrubs,
few tall trees and a canopy of lower height than the native
vegetation, with a predominant medium green color
[28],[29].

Clean pasture can be seen in areas with a low presence
of shrubby vegetation, associated with the creation of
herds, homogeneous grasses with little or no higher
vegetation; may have wild cereals, without human
planting. Grass is characterized by areas that may have
previously been used for grazing and are undergoing an
ecological succession process, or areas that have been
degraded for some time and have begun to recover
naturally; are fields with little or no tree cover, but which
already have some surface cover greater than that of clean
pasture, such as sparse shrubs and tall grass [28],[29].

The hydrography is characterized by the presence of
the Guajara-Mirim river and its tributaries, meanders that
can reach up to 10 meters in width, in addition to some
ponds with still water, being small lakes of dark water that
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normally serve for recreation or animal watering. The
category of anthropized area comprises the nuclei of
residences and buildings, mainly in the central part of the
municipality of Vigia. As it is a municipality with a large
presence of rural areas, some houses are in very close
contact with native and secondary vegetation. In the
photointerpretation, only those areas with significant soil
impermeabilization were considered as anthropized areas,
mainly in the central area of the municipality [28],[29].

Areas of deforestation were identified by the presence
of clearings in the midst of native or secondary vegetation,
in locations where no connection between the clearings
and the presence of anthropized areas was identified,
implying that this is possibly an area that suffered clear-
cutting of wood. The areas of mineral extraction of sand
are easily identified by satellite image due to their white-
yellowish tone, different from the other land cover classes
[28],[29].

After vectorizing the entire area of interest, the
Rasterize operation in QGIS was necessary to convert the
files in shapefile (vector) to raster (matrix) format, so that
it can be used in map algebra. Inverse operation was
performed on the final raster of soil loss due to rainfall
erosion (Vectorize), the values of each pixel of 30 meters
were extracted in the form of vector points, for the
calculation of soil loss by cover class.

V. RESULTS AND DISCUSSION
4.1 Rain Erosivity Factor (R)

According to the defined methodology, the result of the
Rfinal factor, which is used in the algebra of the equation
A =R KLS C P, was approximately 682 MJ.mm/ha.h.year
[22]. This value numerically represents the average rainfall
erosivity factor, considering the sampling interval of 31
years adopted and the rainfall data from the Vigia
meteorological station [23].

Table 1. Rsinar value.
Rfinal Unit
682 MJ.mm/ha.h.year

According to Silva et al. [30], this is an R factor
considered of weak erosivity, according to the
classification Table 2. This shows that the region,
characterized as a plain, with little altimetric variation and
being located in the equatorial zone of the globe (IBGE,
2021b), presented a weak potential for rainfall erosivity
throughout the historical series of analysis.
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Table 2. R values according to the levels of rainfall
erosivity, in MJ mm ha't ht.

R Factor Erosivity
< 2452 Weak
2452 — 4905 Medium
4905 - 7357 Medium to Strong
7357 — 9810 Strong
> 9810 Very Strong

Source: Silva et al. (2003).

4.2 Soil Erodibility Factor (K)

Silva and Alvares [31], carried out a review of K
values for soil classes in the state of S&o Paulo, finding
mean values for soil classes similar to those found in the
Guajara-Mirim river watershed. The soil cover classes
were classified as dystrophic yellow latosol: native
vegetation, secondary vegetation, dirty pasture, clean
pasture, agriculture and deforestation. For the areas
photointerpreted as sand extraction, quartzarenic neosols
were considered. The classes of anthropic area,
hydrography and weir did not receive soil erodibility
values, since they do not fit the K-factor erosion
measurement criterion (Table 3).

It is noteworthy to evaluate the K factor that the
quartzarenic neosols present in the basin area have a sandy
texture along the profile, with a very reduced A horizon, it
is in these soils that the activities of sand extraction are
carried out. The dystrophic yellow latosols present
conditions of good water retention, good permeability and
sandy-clay texture, where all agricultural practices in the
area are developed.

Table 3. Values for the Erodibility Factor K, in
tha .MJLmm™.

Soil Class

K Factor

Dystrophic yellow latosol 0.0043

Quartzarenic neosol 0.0127

Source: Silva e Alvares [31].

According to the classification proposed by Silva et al.
[30], the soil classes identified in the Guajara-Mirim river
watershed have low soil erodibility values. The higher the
value for K, the lower the natural resistance of the soil
structure to rainfall erosion (Table 4).
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Table 4. Soil Erodibility Potential, in t ha MJ* mm™.

K Factor Erodibility

<1471 Low
1.471-2.943 Medium

>2.943 High

Source: Silva et al. [30].
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Fig. 2. Soil Erodibility K Factor Map.

4.3 Topographic Factor (LS)

According to the resulting calculations, the LS
topographic factor presented values ranging between 0.03
and 17.41 in the Guajara-Mirim river watershed, with most
of the area not exceeding 2.50. Values above 2.50 are
linked to river slope areas. The higher the LS topographic
factor, the greater the susceptibility of the region to the
occurrence of erosion, as the slope of the terrain favors the
dragging of soil by the rains [11].

Table 5. Slope Classes.

Slope (%) Relief
0-3 Plan
3-8 Soft-wavy
8-20 Wavy
20—45 Strong-wavy
4575 Mountainous
>75 Strong-mountain

Source: Embrapa [32].
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4.4 Soil Cover Factor (C)

For factor C, different values were used for each land
cover class, based on studies by different authors,
requiring the correlation of the nomenclature used by these
authors with the one adopted in this work
[331,[34].[35]1,[22].

Table 6. Values for Soil Cover Factor C.

Soil Cover C
Anthropized area 0.000
Hydrography/Weir ~ 0.000
Native vegetation 0.001

Reference
Oszoy et al. (2012)
Oszoy et al. (2012)
Oszoy et al. (2012)

. Oliveira et al.
Secondary vegetation  0.010 (2014)
Grass 0.038  Oszoy et al. 2012
Pasture 0.090 Oszoy et al. (2012)
Beskow et al.
Agricul 2
griculture 0.290 (2009)
Deforestation 0.404 Bertoni, Lombardi

Netto (2012)

Sand extraction 1.000 Oszoy etal. (2012)
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Fig. 6. Land Cover C Factor Map.

The areas of the blank map represent the classes of
anthropized area, hydrography and dams, for which the
literature determines that the value 0.000 (zero) for the C
factor of land use should be used. Therefore, they will not
be considered as having the potential for rainfall erosion in
the USLE [33].
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Much of the area of the Guajara-Mirim river watershed
is covered by native and secondary vegetation, evidencing
the rural characteristic of the municipality. In contrast,
there are considerable areas of pasture that are used in
local agriculture [13]

With less expressiveness in territorial extension, few
areas of agriculture were verified in the microbasin.
Having the greatest negative environmental impact, the
areas of mineral extraction of sand and deforestation of
vegetation showed the highest values for the C factor of
soil cover, since they leave the soil more exposed by
removing its surface protection, increasing the erosive
potential [22],[33].

I

Anthropized area

Pasture

Fig. 7. land cover classes identified in the study area.

4.5 Factor of Conservation Practices (P)

In the Guajard-Mirim river watershed, it was not
possible to verify the implementation of conservation
practices against soil erosion through satellite images, field
surveys and literature review [16],[13].

Table 7. P values for different conservation practices.

Conservation practices P value
Planting down the hill 1.0
Contour planting 0.5
Alternation of weeding + Contour planting 0.4
Permanent vegetation string 0.2

Source: Pruski [36]

Page | 180


http://www.ijaers.com/

Goes and Oliveira

It is inferred that because the study area does not have
many hectares of agricultural use currently in activity, is
located in a low-altitude region and due to the lack of more
active technical monitoring in the area of soil
conservation, local rural landowners have not implemented
expressively such soil erosion control practices described
in the literature, such as contour planting and permanent
vegetation cordon [36]. Therefore, a value of 1.0 must be
adopted for the P factor of the Universal Soil Persian
Equation [4].

4.5 Soil Loss (A)

The Rainfall Erosion Soil Loss Map is the result of
multiplying the factors of the Universal Soil Loss
Equation, in the form of georeferenced raster files and pre-
established numerical values. Thus, each pixel with a
spatial resolution of 30 meters has a soil loss value that
depends on the characteristics of the area. The
multiplication in the Raster Calculator of the RKLS.CP
factors generated the map in Figure 8, with the factors R =
682 and P = 1. The physical variables K, LS and C entered
as previously processed matrix files [35].

Oliveira et al. [34] developed a classification of
intervals to measure the degree of soil loss, in tons per
hectare per year, serving as a reference to know how
vulnerable the watershed in question is to erosion.

Table 8. Soil loss classification intervals in tons per
hectare per year.

Soil loss (t ha' year?) Vulnerability
0-25 Slight
25-5 Slight to Moderate
5-10 Moderate
10-15 Moderate to High
15-25 High
25-100 Very High
> 100 Extremely High

Source: Oliveira et al. [34].

Figure 8 shows a rainfall erosion that varies from mild,
in most of the watershed, to moderate, specifically in the
sand extraction areas. Table 9 indicates an average soil
loss of 1.8381 t.hal.year® for the study area, being
classified as slight [34].

However, the estimated total soil loss for the entire
microbasin area over one year was 249.59 tons of soil.
This amount reveals the importance of implementing
conservationist ~ practices  against  erosion,  since
agribusiness, agriculture, livestock and forest management
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depend on the quality of the soil. In short, soil degradation
harms society in general, as it provides much of what is
essential for human and animal life [11].
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Fig. 8. Soil Loss Map.

It is inferred that investments in soil preservation can
bring greater returns in a financial and environmental
sense, as there are expenses to replace the loss of nutrients
that the soil suffers naturally and by anthropic action over
time, especially with regard to potential use. agricultural
and forestry [37].

It is costly to the environment that rural landowners
constantly seek to convert new areas of vegetation for
livestock or for logging and mining, when they found
degraded the areas they had previously explored [11].

Table 9. Percentage value of soil loss by cover class.

Class '?:/: )a Estimated loss (%6)

1. Anthropized area 4.70 -

2. Hydrography 3.14 -

3. Weir 0.13 -

4. Agriculture 0.16 0.95
5. Deforestation 0.21 1.39
6. Secondary vegetation 7.11 1.52
7. Native vegetation 67.43 1.80
8. Grass 4.43 3.01
9. Pasture 1141 20.37
10. Sand extraction 1.28 70.97
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Table 9 reveals that, despite being the smallest in
extent among all land cover classes, the sand mineral
extraction category represented the highest percentage
amount of erosion for the study area. With the second
highest erosive potential, the activity of clean pasture is
evident, being the second area in extension of land use in
the study area [22].

Table 10. Soil loss by cover class.

Area  Average Loss Estimated Loss

Class
(ha) (t halyear?) (tano™)
1 452.95 - -
2 302.17 - -
3 12.49 - -
4 15.32 0.1547 2.37
5 19.80 0.1749 3.46
6 684.91 0.0055 3.79
7 6496.61 0.0007 4.48
8 427.06 0.0176 7.51
9  1099.48 0.0462 50.83
10 123.15 1.4385 177.14
Total Total Total
9633.93 1.8381 249.59

The native vegetation, even with the largest territorial
extension in the Guajara-Mirim river watershed, showed a
very low soil loss, numerically confirming the importance
of vegetation in the control and prevention of soil loss by
pluvial erosion [22]

V. FINAL CONSIDERATIONS

The results show the potential of remote sensing and
geotechnologies for soil quality assessment and
monitoring. QGIS software is an excellent tool for
handling raster and vector data. In it, there was the
possibility of classifying the land cover for the study area
based on the satellite image CBERS 04A of INPE, in
addition to all the geoprocessing procedures described in
the methodological part.

The conservation of vegetation and the adoption of
erosion control measures are essential to reduce the natural
wear and tear that the soil suffers over time. In contrast,
the removal of natural vegetation to create pasture areas
and the extraction of wood without adequate forest
management are causes of soil degradation, as is the
mineral extraction of sand. Such practices must be carried
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out in a sustainable way, combining economic, social and
environmental factors.

It is worth mentioning that, whenever possible, there is
a greater investment in technical monitoring and scientific
research, there is the possibility of carrying out tests to
determine specific values of the physical factors of the
EUPS, generating more accurate estimates of soil loss. The
monitoring of land cover change at regular time intervals
by remote sensing is interesting for inspection by
environmental agencies, as well as it can meet the interest
of research institutions and professionals related to the
environmental area.

Finally, the Soil Loss Map is the maximum product
that could be elaborated by combining the Universal Soil
Loss Equation and the potential of the QGIS
geoprocessing software. It is interesting to underline the
importance of applying physical equations that can be
specialized in order to help professionals who work with
the environment to make accurate decisions in their
projects.
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Abstract— Objective: to describe, based on a literature review, the
strategies used to assess the contacts of tuberculosis patients.
Methodology: This is an exploratory and qualitative study, based on an
Integrative Literature Review (RIL), composed of 6 stages. Applying the
appropriate filters, resulted in 540 articles, in which 14 were selected
using the exclusion criteria properly, in which materials that portrayed
and explored the evaluation of tuberculosis contacts, latent tuberculosis,
as well as the challenges in implementation were prioritized. of actions
for this disease. Results: categorized into the following topics: Knowledge
of contacts about what the disease is, care and transmission; The
importance of contact tracing and Role of health professionals on
tuberculosis transmission. Conclusion: the importance of evaluating
tuberculosis contacts with the objective of controlling the disease was
highlighted. In this way, it is important to emphasize that the health
professional has a huge responsibility towards this public, and to the
community in general, and it is necessary to always be seeking new
knowledge in order to improve their health practices and ensure that their
professional attitudes towards contacts make it possible to optimize
identification and investigation of TB contacts.

I.  INTRODUCTION

Infectious-contagious disease is an infectious disease
mainly caused by the tuberculosis virus, which mainly
affects the lungs, but can reach the organs of the organs and
even the pandemic (COVID-19), among the main causes of
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death, the single infectious agent throughout the world.
world, in addition to being the leading cause of death among
people living with HIV ((TEIXEIRA, SAMICO,
MARTINS, 2020; SILVA, MELO, MIGLIORI, 2020;
WHO, 2021).

Page | 184


https://ijaers.com/
https://dx.doi.org/10.22161/ijaers.95.17
http://www.ijaers.com/
https://creativecommons.org/licenses/by/4.0/

Sousa et al.

A quarter of the world's population is infected with M.
tuberculosis, and in 2020, about 9.9 million people became
ill with TB in the world, and in Brazil, in 2020, 66,819 new
TB cases were reported, which corresponded to one case
incidence rate of 31.6 cases/100 thousand inhabitants
(Brazil, 2019; WHO, 2021; Silva, Melo, Migliori, 2020).
The northern region of the country, in 2020, had the highest
TB incidence coefficient, with 43.0/100,000 inhabitants,
remaining above the national average. , et al, 2021,
BRASIL, 2021).

Ananindeua-PA, municipality of Ananindeua-PA, it
was observed that one of the problems for the surveillance
and care of TB, consequently, is related to the shame and
fear of revealing the family, which contributes to the
worsening of the health status. of the individual, as well as
for transmission of the pathogen to their family members.
In addition, studies indicate that in home visits presented by
nurses, other problems are directed to the conditions of the
population, in which they live in unsanitary conditions,
where, in most windows of entire houses, there is only one
to ventilate the entire house (BRITO, this form 2020).

Ministry of Health (MS) recommends 100% of contacts
who identified the treatment of Latent Tuberculosis
Infection LTBI with the intention of reducing the risk of
illness. The proportion of 20.9% in the northern region of
the country (Brazil, 2019; Teixeira, Sa, Martins, et al, 60.9%
in the northern region of the country) 2020; Brazil, 2021).

Among the actions proposed by the National
Tuberculosis Control Program (PCNT) is the evaluation of
patient contacts, as well as among the strategies of the Plan
for the End of Tuberculosis is to intensify the evaluation of
contacts. It is known that contacts are all people who live in
the same environment as the index TB case, however the
degree of exposure will depend on the disease, environment
and exposure time (SOARES, COELHO, MONTEIRO,
2016).

According to Teixeira, Samico, Martins, et al, 2020,
there are two types of contact with tuberculosis patients:
home contact, used to define the contacts of TB patients
who live with the index case in the same household; and the
close contact, used to define the close contacts of the index
case, including relatives who do not live in the same house,
colleagues from work, leisure activities and other types of
contacts. Therefore, the evaluation of these contacts
becomes an indispensable strategy in TB programs, since
the investigation of TB in contacts of bacilliferous patients
is one of the simplest and most mandatory TB control
actions to control the emergence of new cases, mainly in
these more susceptible patients.

It is pointed out that living with a bacillary TB patient,
the susceptibility of the exposed person and the intensity of
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contact are factors that contribute to TB illness. According
to the Ministry of Health (2019) 3.5% to 5.5% of family
members or close contacts of a person with TB had
previously undiagnosed disease. It is understood that people
in the same household share the same socioeconomic
conditions and, often, the same life habits, in which they
contribute to illness from the disease, thus, the evaluation of
contacts is essential for early diagnosis, as well as to reduce
disease transmission.

In this context, the adequate assessment of the contacts
of the person with TB represents an effective and low-cost
way to detect the disease early, contributing to the
interruption of the transmission chain and the propagation
of microbial resistance. It is noteworthy that this assessment
is a challenge for health services, due to the resistance of
family members to attend the service and the lack of
appreciation given to this procedure by professionals
(LIMA, SCHWARTZ, CARDOZO GONZALES, et al,
2013).

According to Lima, Schwartz, Cardozo Gonzales, et al
(2013) evidence and strategies in the practice of evaluating
contacts of people with TB, through the execution of
evaluation protocols, monitoring of patients and their
contacts must be carried out through the primary care, in
view of the decentralization that the PNCT provides for this
condition. In view of the above, the following guiding
question was defined: What strategies are used to assess the
contacts of tuberculosis patients based on scientific
evidence in the period from 2011 to 2021?; The objective of
the research is to describe, from a literature review, which
strategies are used to assess the contacts of tuberculosis
patients.

1. METHODOLOGY

This is an exploratory and qualitative study, based on an
Integrative Literature Review (RIL), composed of 6 steps:
1) Establishment of a hypothesis or research question: What
strategies are used for the evaluation of the contacts of the
carrier of tuberculosis based on scientific evidence from
2011 to 2021; 2) Sampling or literature search; 3)
Categorization of studies; 4) Evaluation of the studies
included in the review; 5) Interpretation of results; 6)
Synthesis of knowledge or presentation of the review
(MARCONI, LAKATOS, 2017).

According to Silva and Fossa (2015) bibliographic
research is one of the best ways to start a study, as it seeks
similarities and differences between the articles found in the
reference bases, thus contributing to a deeper understanding
of the topic already investigated. The objective of this
review method is to point out knowledge gaps that need to
be filled and the need to carry out new studies.
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To carry out the research, the following databases were
used, Virtual Health Library (VHL), Latin American and
Caribbean Literature on Health Sciences (LILACS),
Medical Literature Analysis and Retrieval System
(MEDLINE) and Database of Bibliographic Specialized in
the area of Nursing (BDENF). The descriptors based on the
Population, Intervention, Context and Time (PICot)
methodology were: Tuberculosis; Prevention and Contraol;
Latent Tuberculosis. The descriptors were searched by
crossing them with the Boolean operator connector AND in
the descriptors field in the Virtual Health Library to build
the search strings.

Inclusion criteria are complete online texts in
Portuguese, English and Spanish; articles published from
2011 to 2021, whose publications were in the databases;
used the descriptors proposed for the scientific search. And
as exclusion criteria, articles that were repeated in the
databases and outside the period of literature review were
adopted.

After the electronic search, we used the PRISMA
flowchart, which serves as a supporting document
explaining and elaborating how it was produced following
the style used in other guidelines. (Figure 1). And the pre-
selection was carried out, with a thorough reading of the
titles and abstracts of the articles, with the intention that they
comply with the established inclusion criteria. Thus, at first,
540 articles were pre-selected. These articles were analyzed
using an instrument adapted from URSI (2005).

The instrument was presented, in which it is composed
of several axes of methodological evaluation, however, it
was adapted for this research, with two axes and their
respective subdivisions, the first: Axis 1 Profile of
productions, Axis 2 Results in evidence.

For content data analysis proposed by Bardin, which
encompasses 3 phases: 1) pre-analysis, which is the
organization of the preconceived idea and establishes

International Journal of Advanced Engineering Research and Science, 9(5)-2022

direction for the interpretation of collected information; 2)
Exploration of the material, where it categorizes
information from texts, interviews, allocating, for example,
in paragraphs according to related topics and 3) Treatment
of results, inference and interpretation, consisting of
interpreting and mastering all the content collected
(BARDIN , 2016).

Records identified through searches m databases Records identified through searches i other data
(@=540) sources {(n=00)

Records after elimnating duplicate studies (n=01)

IDENTIFICATION

Studies selected for Studies selected for

SELECTION

full readimg (n=30) full reading (1=30)
Cum‘pllleie e;h}dm Complete studies
evaluated for
ehigbilty (=14) exchuded

=)

ELIGIBILITY

Studies ncluded m
qualitative synthesis
=5

INCLUSION

Sm.ﬂjmin_dqdedin

s}i‘iﬁ?:;?(l:;)

Fig.1: Flowchart on the study selection procedure,
identification and eligibility for analysis. Belém-PA,
Brazil, 2021.

I11.  RESULTS AND DISCUSSIONS

As shown in Table 1, 14 articles were selected,
predominantly in English (92.85%), with quantitative,
qualitative, observational, systematic, analytical, cohort and
descriptive methods; published in the period from 2020 to
2014, no articles from the year 2021 were found with the
descriptors used; in national and international journals and
mostly indexed in Medline.

Table 1. Identification of articles selected for analysis, by title, year, place of study and main results. Belém (PA), Brazil,

Year/Author

Main results

Title Year/Author
Tuberculosis: TEIXEIRA AQ et al
knowledge and (2020)

adherence to
prophylactic measures
in contact individuals in
the city of Recife,
Pernambuco, Brazil

Quantitative, descriptive/LILACS

In this study, it was found that
tuberculosis contacts have little
or no knowledge about the
disease, low adherence to
primary health care and the
active search for contacts is still
inefficient. It was also analyzed
that some of the TB contacts are
unaware of the form of
transmission of tuberculosis and
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the need to be evaluated and to
carry out the requested tests.
MDR/XDR-TB MIGLIORIA et al Non-systematic This study talks about the
management of patients (2020) literature/MEDLINE importance of eliminating the
and contacts: challenges in the fight against
Challenges facing the tuberculosis, especially in cases
new decade. The 2020 of multidrug-resistant
clinical up date by the tuberculosis. The review also
Global Tuberculosis comprehensively describes the
Network latest information on contact
tracing and management of
LTBI in MDR-TB contacts,
while providing guidance on
post-treatment functional
assessment and rehabilitation of
TB sequelag, infections and
other public health priorities.
Is the EU model for ZELLWEGER JP Quantitative/MEDLINE This study shows that it is
contact investigation (2020). possible and important to carry

applicable to high TB
burden settings?

out contact investigation of
patients with a transmissible
form of tuberculosis. Early
diagnosis allows for a shorter
treatment, preventing the
transmission of the disease.
Implementation of preventive
therapy for people at higher risk
of developing TB in the future,
that is, reducing the pool of
future TB cases.

Knowledge, attitudes
and practices on
tuberculosis
transmission and
prevention among
auxiliary healthcare
professionals in three
Brazilian high-burden
cities: a cross-sectional
survey

TRAJMAN et al,
(2019).

Cross-sectional,
quantitative/MEDLINE

A study showed that knowledge
among auxiliary health
professionals about the

transmission and prevention of

tuberculosis presents relevant
gaps. These knowledge gaps
were notably related to the
management of LTBI, including
how to recognize it and prevent
progression to active
tuberculosis through treatment.

Acceptance of Chemo-
prophylaxis for Latent
Tuberculosis Infection
among High
School/College Student
Contacts of
Tuberculosis Patients in
Shanghai, China

LI Yang et al, (2018).

Cross-sectional study/MEDLINE

The present study aims to
evaluate the contacts of students
with tuberculosis and the level
of knowledge about TB and
their availability to participate
in LTBI chemoprophylaxis.
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Close contact
interferon-gamma
response to the new
PstS1(285-374):
CPF10: a preliminary 1-
year follow-up study

ARAUJO LS et al,
(2017).

Analytical Study/MEDLINE

This study aimed to perform a
one-year follow-up on recruits
in the city of Rio de Janeiro,
and as a result, they obtained
low IFN-g reactivity to all
antigen stimuli during the entire
follow-up period, except for one
participant.

Knowledge about
tuberculosis
transmission and
prevention and
perceptions of health
service utilization
among index cases and
contacts in Brazil:
Understanding losses in
the latent tuberculosis
cascade of care

SALAMEL FM et al
(2017).

Observational cross-sectional
study/MEDLINE

The present study excelled in
unraveling what is called the
cascade of contacts and what
are the steps for losses to occur,
as well as evaluating the degree
of knowledge of these contacts
about care and transmission.

Improving tuberculosis
contact tracing: the role
of evaluations in the
home and workplace

DUARTE R; NETO
M; BARROS H,
(2012).

Analytical comparative
study/MEDLINE

The present study highlights the
importance of tracing TB
contacts, and people who have
recently acquired the disease, in
order to eliminate the disease.
They perform a comparison of
screening data that reveal that
there is a greater decrease in
severe cases if there is early
screening.

Tuberculosis clinical
units improve
contacttracing

BRUGUERAS et al,
(2016).

Observational Study/MEDLINE

This study evaluates the impact
of the clinical picture of
tuberculosis in units that trace
TB contacts. Where it was
observed that the creation of
clinical units managed to track a
greater number of contacts and
significantly increased the
number of adherence to
treatment. Therefore, they
concluded that there was an
organizational advance in this
screening, and adherence to
early treatment of TB contacts.

Tuberculosis Contact
Investigations United
States, 2003-2012.

KAI H YOUNG, et
al

(2016)

Observational cross-sectional
study/MEDLINE

This study evaluates improving
contact investigation activities
to ensure completion of
treatment for contacts recently
infected with M. tuberculosis,
which is essential to achieve the
goal of eliminating TB.
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Risk Assessment of
Tuberculosis in
Contacts by IFN-T3

Descriptive cross-sectional
study/MEDLINE

The present study analyzes the
results of the IGRA and the
effect of preventive

and opportunities for
interventions in a high- (2014)
burden setting

JEAN-PIERRE .
Release Assays. A chemotherapy on tuberculosis
. ZELLWEGER et al . .
Tuberculosis Network progression rates in recent
European Trials Group (2015) contacts.
Study.
Age-specific risks of Analytical study/MEDLINE This study presents a new
tuberculosis infection approach to estimating age-
e, | sonamuanL g )
Y eXp ZELNER etal. y

sources in Lima, Peru.

Yield of tuberculosis
contact investigations in

Amsterdam: ROSA SaII_OOT et
opportunities for
improvement. (2014)

Observational study/MEDLINE

The present study determines
contact investigation coverage
and throughput, assesses
compliance with guidelines, and
identifies opportunities for
improvement.

Risk for tuberculosis in
child contacts. PEI-CHUN CHAN
Development and etal
validation of a (2014)
predictive score.

Cohort Study/MEDLINE

This study aims to develop and
validate a simple and easy-to-
use predictive score for TB risk
using data routinely available
during contact investigation.

The literature review revealed that it is possible to
formulate three categories from relevant points of view.
Thus, the following categories were developed: Knowledge
of contacts about what the disease is, care and transmission;
The importance of contact tracing; Role of health
professionals on tuberculosis transmission.

Category 1: Knowledge of TB contacts about the
disease, care and transmission.

Tuberculosis, the second (after COVID-19) deadliest
infectious Kkiller, is caused by a bacterium called
Mycobacterium tuberculosis and most often affects the
lungs and can be transmitted through coughing, talking and
sneezing by the infected person, or that is, those who have
a bacillus in their saliva (PAHO, 2021).

The pulmonary form, in addition to being more frequent,
is also the most relevant for public health, especially the
positive one on smear microscopy, as it is primarily
responsible for maintaining the disease transmission chain.
It is emphasized that the extrapulmonary form, which
affects other organs, occurs more frequently in people living
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with the Human Immunodeficiency Virus (HIV), especially
among those with immune compromise (CARVALHO,
PONCE, SILVA-SOBRINHO et al, 2018).

According to Brasil (2019) the main way to control
tuberculosis is the diagnosis and immediate start of
treatment, because when starting treatment, transmission
tends to decrease gradually and, in general, after fifteen days
of treatment, it is very reduced, allowing the chain of
transmission of the disease to be broken. However, the MS
recommends that control measures be implemented until the
smear test is negative, such as covering the mouth with the
arm or tissue when coughing and keeping the environment
well ventilated, with plenty of natural light, as the bacillus
is sensitive to light. sunlight and air circulation allows the
dispersion of infectious particles. Therefore, ventilated
environments and direct natural light have been shown to
reduce the risk of transmission.

In general, the contacts of TB cases report that they
know that the disease is serious, that it has a cure and
treatment, however, they are unaware of the form of
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transmission and the symptoms, which shows that
knowledge about TB is insufficient, even if there is
someone in the family with the disease. Thus, information
about TB becomes indispensable for the recovery of
knowledge about the health-disease process in order to
reduce social issues and demystify the disease. It can even
influence the most common consultations and attitudes of
contacts of TB patients and the investigation of obstacles
that distance them from prophylactics (TOURINHO,
OLIVEIRA, SILVA AL, 2020).

The research by Tourinho, Oliveira, Silva et al (2020)
also points out that TB contacts are unaware of the way TB
is transmitted, and the need to disseminate and carry out the
requested medicines because they are inserted in inequities,
often, possibly empowering them. the possible problems,
more conscious for the early detection of cases, as well as
for the disease, in the process and reduction of the incidence
of the disease by in the transmission of the transmission of
the early disease.

Linked to the fact of having knowledge about the
community, it can impact the results and support the control
of the disease, considering that the actions and references to
the grievance refer to the power held by society and early
identification of the signs and symptoms of tuberculosis, as
well as the power of attorney for health services to carry out
disease prevention. Society becomes an ally in the
awareness process and also needs to be aware of and access
to public health services. Thus, health education and
guidelines on tuberculosis prevention are essential to
achieve disease control objectives and strategies
(CARVALHO, PONCE, SILVA-SOBRINHO et al, 2018).

Category 2: The importance of contact tracing.

TB cases initially identified as new or recurrent, in a
person of any age, in a specific household, are considered
an index case. The importance of rapid diagnosis and early
treatment of the index case is perceived, and this should be
investigated to identify the people who will be considered
contacts, that is, those who have contact with the case
(SILVA, LIMA, SANTOS et al, 2018; SILVA et al, 2021).

In this way, information about contacts and the type of
relationship established should be listed and, whenever
possible, home visits should be carried out to better
understand the circumstances and invite them to come to the
Health Unit to be evaluated and, if If necessary, request tests
such as chest radiography, smear and tuberculin skin test
(PT) with PPD (Purified Protein Derivative) or Interferon-
Gamma Release Assays (IGRA) (TEIXEIRA, et al, 2020).

It should be noted that for the control of tuberculosis, it
is essential to interrupt the chain of transmission of the
disease, since each person with undiagnosed pulmonary TB
tends to infect 10 to 15 people/year, and of these, one to two
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become ill, maintaining transmission and disease at an
endemic level (GUIMARAES, 2017).

It is confirmed that the individual with Active
Pulmonary Tuberculosis, when coughing, sneezing or
talking, releases droplets (Pfluger droplets) that transport
the bacilli to the environment, the smaller these droplets
(Wells nuclei), the longer they remain in the air, and,
therefore, the greater the possibility that they are aspirated,
inhaled and infect other people (SILVA, et al, 2018).

Although TB is a curable disease, available free of
charge in the Unified Health System (SUS), Brazil is among
the 30 countries with the highest TB burden in the world,
due to the unstructured health system, restricting access to
health services. population, unplanned urbanization,
unhealthy practices and environments. Since 2010, the
PNCT has recommended that tuberculosis contacts be
monitored. Controlling the contacts of TB cases is a strategy
for preventing future illness (SILVA, et al, 2018;
FIGUEIREDO JUNIOR, SA, 2019).

Contacts who are no longer monitored and/or evaluated
represent an important factor for the maintenance of TB, as
they are more susceptible to developing the active disease
in the future, perpetuating the disease transmission chain
(FIGUEIREDO JUNIOR, SA, 2019; MENDES, 2018) .

In this way, the contacts of the TB index case must be
examined for the symptoms of the disease and/or the
Tuberculin Test (PT) should be performed, this test
evaluates the cellular immune response in vivo against the
antigenic extract of Mycobacterium tuberculosis; and/or
IGRA, an exam being implemented in the SUS, which also
evaluates the cellular immune response, albeit in vitro. For
those with TB symptoms, specific tests such as sputum
smear, rapid molecular test (MRT) or culture should be
performed; users who are asymptomatic should perform PT
and chest X-ray. Those who are asymptomatic, PT or IGRA
positive and without signs of active TB on chest radiograph,
treatment for Latent Tuberculosis Infection (LTBI) is
recommended (CASELA, 2020; SILVA, et al, 2018;
BRAZIL, 2019).

Individuals who live with TB carriers have a high risk of
infection and disease progression, especially when this
interaction is intense and/or continuous (MENDES, 2018).
According to the study by Figueiredo Janior and Sa (2019),
who evaluated 1000 medical records of TB contacts, the
most frequent type of interaction between contacts and
patients with active TB was continuous (n = 915), in
addition to representing the largest positive PT frequency
(52.80%), with the “Father/Mother” group presenting the
highest frequency of positive PT with 64.90%, followed by
the “Spouse (a)” group with a positive PT frequency of
57.40% .
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Given the above, screening for Latent Tuberculosis
Infection (LTBI) is recommended for all contacts of
infected patients, regardless of age or comorbidity. LTBI is
the period between the first contact with the bacillus and the
development of active TB, that is, the individual is infected
by the TB bacillus, but without manifestation of the active
disease. The detection of LTBI for the World Health
Organization (WHO) means a strategy for the control of TB,
as the detection of latent infection allows the initiation of
drug treatment, preventing progression to active disease
(SILVA et al, 2021; FIGUEIREDO JUNIOR, SA, 2019).

According to Dantas et al (2018), the vast majority of
TB contacts identified with LTBI were never investigated,
and there are losses that occur mainly in the first stages,
which are: identification and investigation. It was noticed
that there are many reports of active TB cases, but they
could be avoided in Brazil if all contacts were investigated.
It also states that the contacts would like to have been
investigated and would undergo treatment for LTBI if
prescribed, which represents, in this case, a missed
opportunity.

It is understood the question of why, that there are few
contacts investigated in Brazil, one of the main reasons is
the lack of close relations between the health team and the
patient, with this it is necessary to train health professionals
about their attitudes. and health practices together with the
TB patient (DANTAS et al, 2018).

Category 3: Role of health professionals on
tuberculosis transmission.

TB has a prevention method, through the treatment of
LTBI that is available in the SUS and which makes most
deaths from the disease avoidable. According to Trajman et
al (2019), a quarter of the world population has LTBI, which
constitutes a reservoir for new TB cases and that contact
tracing of index TB cases is an important task of Primary
Health Care services (APS).

Less than 10% of people who need treatment for LTBI
received the proper diagnosis, as obstacles to accessing
health care, attitudes, practices on TB
transmission/prevention, knowledge and beliefs are among
the possible explanations for losses in the cascade. of
contact care. This fact makes it difficult to adequately
control the disease (TRAJMAN et al, 2019).

To date, there is no exam considered the gold standard
for the diagnosis of LTBI, which is based not only on the
result of a diagnostic test, but also on the exclusion of the
active form of the disease, as well as, the PT has limitations
such as the need of return of the patient to the health
establishment to carry out the reading, low sensitivity,
especially in immunocompromised individuals, low
specificity, due to the possibility of a false positive result in
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populations that have broad vaccination coverage with
BCG, as well as cross-reaction with atypical mycobacteria
(SILVA et al, 2020; CASTILE, 2020).

Thus, the role of PHC is highlighted, considered the
main gateway to health services in Brazil, and
decentralizing the PNCT's health actions to it. The Family
Health Strategy (ESF) covers two-thirds of the Brazilian
population and is the largest public health system in the
world. It is noteworthy that ESF coverage has significant
results that are associated with successful treatment of
active TB. It is emphasized that the ESF, the Community
Health Agents (ACS), are auxiliary workers who live in the
community and are trained for health tasks and responsible
for home visits, being able to detect those individuals with
respiratory symptoms, observe and directly administer the
treatment of TB and convening the presence of TB contacts
for evaluation in the FHS (GUIMARAES, 2017).

The increase in FHS coverage and the development of
actions for active search, control and treatment of TB,
combined with improvements in the laboratory network and
the implementation of rapid diagnostic methods, it is
possible to visualize a favorable scenario for the
improvement of the current epidemiological situation of the
disease. (GUIMARAES, 2017).

Health teams, with the support of auxiliary workers,
have a very important role with the patient for the control of
TB in Brazil, because by adopting the necessary measures,
they create a bond and increase the probability of cure. It is
stated that the nurse must be a professional qualified for TB
control actions, in order to identify clinical, epidemiological
and social information of the disease suspects and take steps
to clarify the diagnosis (GUIMARAES, 2017).

IV. CONCLUSION

The evaluation of tuberculosis contacts is an important
strategy for the control of TB, because through it, it is
possible to prevent new cases of active TB from happening,
controlling and breaking the chain of transmission of the
disease, being used for this purpose the investigation of
symptomatic patients. respiratory diseases, the performance
and evaluation of PT and/or IGRA and the treatment of
LTBI, as the main form of prevention of active TB.

It is noteworthy that the contacts who have contact with
the TB case are more susceptible to infection by the bacillus,
S0 it is imperative to perform the LTBI screening and start
preventive treatment, but there are still some barriers to the
implementation of this strategy such as the difficulty in
diagnosing LTBI, the awareness of the population to take
the contacts in the health services for the evaluation of the
contacts, as well as the feedback in the reading of the PT.
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Thus, there is a need to carry out health education
actions with professionals to answer questions, explain
about the disease and the main forms of prevention, raise
awareness of the importance of evaluating contacts and train
for the application and reading of the tuberculin skin test
and initiation of LTBI treatment. It is considered that the
health professional has a huge responsibility to this public,
and to the community in general, and it is necessary to
always be seeking new knowledge in order to improve their
health practices and ensure that their professional attitudes
towards contacts make it possible to optimize identification.
and investigation of TB contacts.

It is also imperative to empower the community with
knowledge about TB and the forms and strategies of disease
control so that they work together with health professionals
in the actions of investigation of cases of the disease and in
the evaluation of contacts, looking for the service and
professionals of health for the specific exams.
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Abstract— This study's objective was to investigate the connections between
staff perceptions of equality and the levels of student contentment at private
institutions in the Kurdistan area of Iraq. Specifically, the researchers were
interested in the following: In order to collect data, a face-to-face survey was
administered to 119 students from five private institutions located in the
Kurdistan region of Irag. According to the findings, there is a significant and
favorable relationship between affirmative action and student satisfaction at
private universities in the Kurdistan region of Irag. On the other hand, there
is no significant and favorable relationship between embracing diversity and
student satisfaction at these universities.

I INTRODUCTION

For several decades, the level of satisfaction felt by
students has been a recurrent concern in the academic
world. The awareness of this feature has extended
throughout the academic fields, with ideas coming from
corporate
administration, and, more recently, managers. Managers
and industrial globalization, in addition to involvement in
businesses and their surroundings, have sparked a renewed
interest in gaining a better knowledge of how students are
the multifaceted
relationships that exist between satisfaction and equity
students. This interest has been sparked by the fact that
managers and globalization of industry are now more

psychologists, organizations,

pleased or inspired, as well as

prevalent (Khan & Abdullah, 2019).

The mindset that an students brings to their work is
frequently cited as the primary contributor to overall
student satisfaction. Studies have shown that a significant
influence in a wide variety of serious positive and poor
employment outcomes is the level of pleasure a student has

www.aipublications.com

with their educational experience. The level of pleasure
experienced by students has been shown to have an inverse
relationship with unfavorable job outcomes like students
turnover, but a positive association with work outcomes
like increased productivity (Sohail & Dhuha, 2020).

Take into account the level of worker satisfaction and
attitude toward the obligations and tasks that have been
assigned to them, as well as the level of justice and
fairness that exists between them (Darbandi, 2017). This
will make it easier for corporate directors to successfully
carry out the cooperative responsibilities and commitments
that they are responsible for. A student's level of
satisfaction can be defined as the sum of the good and
negative feelings they have toward the many obligations
and responsibilities they are responsible for. When an
students begins working for an organization, they bring
with them the requirements, desires, and knowledge that
control the prospects and potential that the students has
discharged. These can be thought of as the "requirements,
desires, and knowledge that control the prospects and

law,
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potential that the students has discharged (Mahmood et al.
2022)." According to Hassan & Ahmed, (2020), the level
of student satisfaction is a reflection of the degree to which
expectations are matched with and match the actual
rewards. The majority of the time in the modern world,
higher-level students are unhappy with their work as a
direct result of their negative attitude toward their jobs.
This, in turn, has an effect on the entire performance of the
company. Those who have a sense that their employer
treats them fairly are more likely to be satisfied with their
occupations, to experience less of a sense of urgency to
find other work, and to be more dedicated to the work that
they do (Sadq et al. 2020). Despite this, it's possible that
the pupils' perception of themselves as unequal contributes
to their discontent and bad attitude. This suggests that the
performance of a worker could be evaluated based on the
level of student satisfaction that he or she generates, which
will serve as a signal on the worker's attitude toward
justice and fairness. According to Othman et al. (2020),
pleasurable experiences such as satisfaction will lead to
higher performance. This is particularly true when
performance is regarded as being more than merely duty
performance. It is also important to highlight that a good
salary, a pleasant working environment, and a level
playing field for all students can all contribute to a positive
work attitude, and their combination will influence
students performance in the business. It is also important
to highlight that a level playing field for all students can
contribute to a level playing field for all students (Rashid,
2022).

1. LITERATURE REVIEW
Equity students

Equity students has recently garnered more attention from
human resource professionals, particularly in terms of the
justice of penalties. Equity students, or more properly,
inequity students, is a key issue of business, labor, and
government. The fairness of the disagreement between the
students and the corporation is not typically viewed by the
students as solely a commercial matter(Abdalla Hamza, et
al. 2021), but a component of comparative justice is
involved. Equity This may be applicable to any social
scenario in which an exchange happens, such as between a
married couple, basketball players, or a worker and a boss.
When two individuals exchange something, one or both of
them may consider that the exchange was inequitable. This
is typically the case when a person swaps his or her
services for payment (Sultan, 2021).

According to Ahmed & Mohammed, (2018), a worker will
associate his or her proportion of the benefits he or she
receives from working for a business or company to the
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inputs the students contributes to the company, as well as a
similar proportion for others both internal and external to
the company. According to Wu et al. (2022), a worker
would want to preserve parity between the alleged inputs
that he or she gives to a higher education and the alleged
outputs that he receives from it, in contrast to the perceived
inputs and results of others. According to the theory, an
individual would feel demotivated if he views unjust
treatment of others, both internal and external to the
company that employs him (Aziz, 2016). Furthermore,
Mardan & Ahmed, (2017) assert that a worker would
experience an equitable condition if he sees the percentage
of his inputs to his outputs to be equal to those internal and
external to the company for which he works. If a
comparable worker generates more output and this
comparable worker puts in more effort, the worker will
receive it. For example, if everything else is equal, a
worker would earn a lesser compensation while another
individual with more experience obtains a greater income.
According to Bourdage et al. (2018), inputs comprise all of
a member's contributions to the interpersonal transaction
and are considered as "entitling him to benefits or
expenses." Time, effort, loyalty, qualifications, flexibility,
tolerance, devotion, enthusiasm, personal sacrifice, and
other elements are common inputs. Outputs contain all of a
member's interactions with the firm that employs him. The
typical results include the presence of certain hygiene-
related factors and motivators. Anguish in the form of fury
or shame will be experienced by the worker if it is brought
to his attention that his percentage is lower than that of the
individual being compared. In the same vein, if the worker
realizes that his percentage is higher than the percentage of
the individual serving as a comparison, he will feel the
ache of anguish in the form of guilt. There is a correlation
between the worker's anxiety and their sense that they are
being treated unfairly. As a consequence of this, the
worker will feel more grief as the apparent imbalance
increases, and he will make greater efforts to restore equity
among students (Wang, 2018). These efforts can take the
form of cognitive distortion, in which the worker
intentionally misrepresents inputs and/or outcomes in his
own mind, direct changes to inputs and/or outcomes, or
resignation from the organization (Han, et al. 2018).

Antecedents of inequity students

According to Ross and Kapitan (2018), the focus of the
theory is on the exchange association, which describes the
situation in which individuals give something and
anticipate receiving something in return. Inputs are
generally understood to relate to the information that is
given by the individual. What the individual ends up with
after the transaction is completed is referred to as the
result. This is the "other hand" of the trade. A third aspect,
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known as the situation individual or cluster, is considered
to be important in addition to the inputs and outputs of the
system. This scenario group can include a coworker, a
member of the family, a neighbor, or even a group of
people from work. It's even possible that the person in
question is themselves, but in a different occupation or
social role.

If a person considers any of these to be information, then it
is information, and the person who provided it anticipates
a simple return in exchange for it. The issue emerges when
just the representative views a certain piece of information
rather than the firm as a whole. In this scenario, a sense of
guilt is experienced; for instance, a corporation may base
his promotion on rank rather than advancement; the
student "feels" that there has been some kind of unethical
behavior on the part of the school (Cheng, et al. 2018). The
manner in which an individual understands the connection
between the data sources they use and the results that they
produce is the primary factor in determining whether or
not they believe a social trade is discriminatory. When an
individual not only sees other inputs offset with the
outcomes that they themselves have produced, but also
sees their own sources of knowledge offset with the
outcomes that other individuals have produced, then that
individual is in a condition of perceived worth (Elmada, et
al.2018). The value hypothesis acknowledges that even if
an individual's data sources and outcomes do not change,
the individual will still feel that they have been treated
fairly even if it is thought that the other party does not
have data sources and outcomes that are equal to their own
(Wang, et al., 2018). inequality in the outcomes for pupils
According to the findings of Audenaert et al. (2018), poor
etiquette will result in disappointment, fury, and blame.
People will feel anger and dissatisfaction if they receive
less than they anticipated in proportion to what they
anticipated receiving, and they will feel sorrow if they
obtain more than they are worth. Adams names this
"blame™ when there is enough compensation, but he labels
it "outrage" when there is insufficient compensation
(disadvantageous disparity). It is typical for this rage to be
directed towards the individuals and groups who were
responsible for creating the imbalance; nevertheless, it is
possible for it to be directed at the individual themselves if
no other group is focused on disciplining or resisting it. As
a consequence of this, Bourdage et al. (2018) postulated
that individuals are motivated to strive toward eliminating
visual disparity because it makes them feel unwelcome and
that the level of incentive to do so correlates directly with
the degree of disparity that is perceived. As a consequence
of this, Adams provided a presentation in which he
discussed a few ideas that he termed "methods for
disparity reduction." These are the many approaches: 1)

www.ijaers.com

International Journal of Advanced Engineering Research and Science, 9(5)-2022

An individual who modifies the contributions he makes:
An individual may choose to expand or decrease the
number of information sources he uses as a response to a
perceived imbalance, depending on whether or not the
individual views the discrepancy as helpful. The person
may either build his own data sources, such as efficiency
or even the type of work, or he can limit the amount of
data. Components such as instruction and skill level are
able to be adjusted more effectively, however traits such as
gender, color, and ethnic foundation are not possible to be
transformed. Adams has two suspicions that he wants to
express: a) The limit for the observation 8 of disparity is
larger when an individual is overpaid as opposed to when
the individual is underpaid. (a) It is a given that a person
wants to cut their costs while simultaneously raising the
amount that they provide, and this motivation is expected.
In the second scenario, an individual will take action to
eliminate inequity, which will lead to the most severe
consequences for the person whose rights are being
violated. 2) The individual altering his results: An
individual has the ability to change his results by either
raising or lowering them, depending on whether or not the
value is beneficial. Either expanding the number of
outcomes or cutting down on the number of information
sources is one way for individuals to bring about a
reduction in inequality. 3) An individual who subjectively
modifies the information sources and results he uses: it is
rationally conceivable to transfer from one reference group
or individual to the next while still being physically
involved in a comparable vital trade connection (lglesias,
et al., 2018). Adjusting the correlation item is one method
that can be used to reduce the amount of inequality that
exists in the world. If a worker believes that he or she is
being underpaid, a thought that may strike a chord is that
the amount of money the worker in question is making is
more than what his or her father made at this age or what
his or her colleagues in various industries make. There is a
possibility that some individuals will find employment
elsewhere. 4) An individual leaving the field: In the
context of a job scenario, an individual may cease their
activities, receive an exchange, or suffer increased truancy.
5) Person who is following up on another: even when
deceit is present, a person may still attempt to manipulate
or psychologically twist other data sources and results, or
to drive others off of the field of play. If one individual has
a lower participation rate than others, the individual in
question may endeavor to decrease the contributions made
by the other individuals rather than expanding his or her
knowledge sources. 6) The person may alter "the
examination other" with whom the individual in question
analyzes oneself in the event that the individual
experiences disparity and the individual in question and
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"correlation other" continue to be in a trade relationship
with an outsider. Because of this, the severity of the
imbalance would be reduced. For instance, if two experts
are performing the same task but one of them is making a
considerably larger wage, they can be pleased with the
situation since the person who is earning the higher wage
might have more education, capabilities, experience, and
rank (higher data sources). To put it more simply,
inspections are created based on the nature of the result
input proportions of the comparer and the correlation
individual. This correlation may satisfy and be declared
not to be biased, depending on the circumstances. 7)
Alternatives to conventional approaches to conflict
resolution: Every tactic that has been used in the past is up
for scrutiny by all participants. Adams proposed a handful
of factors that, together, establish an individual's modes.

A) The significance of the person's impact on the results
would be greatly heightened.

B) They establish limitations on the expansion of inputs
that are difficult to replace and expensive to do so.
C) He or she will disregard genuine and psychological
shifts in information sources that are vital to his sense of
self-image and self-assurance.

D) When it comes to modifying perceptions of other
people's outcomes and sources of information, he or she
will be more resistant to change than when it comes to
shifting perceptions of his or her own results and
contributions.

The generation of imbalance was employed as a precursor
condition, and methods for minimizing disparity were used
as a required variable in the study. Take, for instance, the
phrase "a laborer was short on": (Wang, 2018). It was
demonstrated that a comprehensive research of the value
hypothesis had been conducted in order to offer a complete
hypothetical and practical understanding of the hypothesis.
In the pages that are to come, we are going to look at the
compensation result variable and all of the many
connections that are associated with it in great detail.

Equity students in higher education Affirmative action

When it comes to minorities in society, institutional racism
is a strategy in which a person's skin tone, color, gender,
religion, or national origin are taken into account in order
to broaden the opportunities given to an underrepresented
segment of society. This is done in order to broaden the
opportunities given to an underrepresented segment of
society. Affirmative action for minorities in society
programs are carried out by organizations and government
components in order to enhance the percentage of
individuals from particular groups who are employed by
organizations, institutions, and other parts of society. This
technique places an emphasis on socioeconomic groups
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who have, historically speaking, been underrepresented in
domains such as initiative, skilled wvocations, and
academics. In most cases, this tactic is seen as as a method
of addressing recorded victimization particular meetings.
Affirmative action has been used in an effort to achieve a
number of societal goals, including reducing economic and
employment disparities, increasing access to educational
opportunities, fostering a more diverse population, and
rectifying evident wrongs, damages, or disincentives from
the past. A variety of interpretations of the notion of
affirmative action for underrepresented groups may be
found across the country. Only a few nations still adhere to
the time-honored practice of reserving a particular
percentage of available employment in the public sector,
political offices, and academic posts for members of a
specific community or ethnicity. In some other locations
where shares are not utilised, individuals who are a part of
the minority gathering are given inclination or exceptional
thought in the shape of determination. Affirmative action
for societal minorities is considered to be in violation of
the law in certain nations, such as the United Kingdom,
due to the fact that it does not treat people of all races in
the same manner. The term "partially blind" refers to this
method of dealing with conditions that require the same
therapy (Han, et al. 2018).

In nations like this, the primary focus will often be on
ensuring that all aspects of the situation are equalized,
including, for instance, directed supporting attempts to
attract candidates from ethnic minority groups to join the
police force. This is what some people mean when they
talk about "positive activity." In the United States of
America, racial segregation is against the law—except
when it is. Techniques known as "affirmative action for
minorities in society,” which include separating
individuals who belong to persecuted groups, are widely
used in the United States of America as well as in
numerous other nations. Pundits, including a significant
number of those who supported the action at Harvard, say
that they ought to be prohibited (Sharma et al. 2022). The
United States Supreme Court has issued inconsistent
directions on the question of whether or not it is
permissible to take affirmative action on behalf of societal
minorities, which has led to an increase in the level of
confusion. The expression, on its own, lacks clarity. In the
year 1965, the President of the United States, Lyndon B.
Johnson, made an official request to government
businesses, requesting them to take "affirmation action for
minorities in society” and to "contract without regard to
race, religion, or national birthplace." Since that time, the
term has grown to mean essentially the reverse, which is
giving preference to persons according to factors such as
their ethnicity, religion, social position, or gender.
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Individuals from certain groups who have been separated
in the past or who are now being separated receive special
treatment or benefits from the state in a number of
different nations (Sharma & Kumar, 2021). People of color
who come from nations that were formerly oppressive can
now find chances in countries that have developed
economies (lbrahim et al. 2020). There is a sizeable
population of individuals in India who are considered
"untouchables" because of their position at the bottom of
the Hindu social order (Sabir et al. 2021). In a few
countries, there is an affirmative action program for
members of minority groups in society. This program is
intended for those who come from groups that, on the
whole, have it worse than their neighbors, regardless of
whether or not their neighbors have typically been unkind
to them. Positive segregation, for instance (Khan, 2021), is
practiced in Malaysia for native Malays, who suffer greater
levels of misfortune and perform less well in school than
their white counterparts.

Men of the same blood from China (Mohammed et al.
2018) and India (Rahmani et al. 2019). There are subtle
differences depending on where you are. In certain nations,
the practice of providing preferential treatment to members
of societal groups who are underrepresented is restricted to
spheres in which the government has direct authority, such
as open employment contracts or entry to open institutions
(Nithyanantham et al. 2019). In certain jurisdictions,
private businesses are also required to conduct racial
profiling of their employees (Sharma et al. 2022),
including students (Ahmed et al. 2021), temporary
workers, and even owners (Sharma et al. 2020). Advocates
of positive separation typically argue that such agreements
are required in order to face previously documented
instances of negative behavior (Saleh & Jamil, 2021).
Some people attributed the following statement to former
President Lyndon B. Johnson: "You don't take a man who
has been hampered by chains for a long time, release him,
bring him to the starting line of a race, saying you are
permitted to compete with all of the others, and yet believe
you have been completely reasonable (Sadq et al. 2020)."
Another perspective is that the victimization of a small
number of groups (Khan, 2021) is so pervasive that it can
only be solved by the use of coercive measures, such as
forced separation. Those who are against providing
preferential treatment to members of underrepresented
groups in society argue that "two wrongs don't make a
right," that "treating different ethnic groups differently will
only make racial conflict worse," and that “social orders
should intend to be largely blind to racial and ethnic
differences" (Saadi, 2021).

Since these arrangements were offered (Abdulsamad et al.
2022), a significant number of the gatherings that are
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supported by affirmation activity around minority in
society have either become more informative or richer in
content (Sharma et al. 2019). Regardless (HamaAliFaraj et
al. 2017), it can be difficult to assess the amount of credit
that can be claimed for affirmative action by members of
underrepresented groups in society (Cao et al. 2022). The
cost of living around the globe has skyrocketed in recent
years, along with an evident increase in the number of its
offspring who have pursued higher education (Qasim &
Alyousuf, 2021). The cost of living for people of Malay
descent is substantially higher in neighboring Malaysia,
where they have inclinations, than it is in Singapore, which
does not have a Malay population (Abdalla Hamza, et al.
2021). Despite the fact that the people who gain from
affirmative action for minorities in society are typically not
as happy as their neighbors, the gatherings that are ensured
by affirmative action for minorities in society will in
general make more people miserable (Hamad, et al. 2021).
In the United States, there is a government procurement
program (Harouache et al. 2021) that gives preference to
businesses that are operated by persons who are "socially
and financially disadvantaged (Qader et al. 2021)." People
in this situation can have a household income that is far
higher than the typical American family and yet be
classified as "disabled" if (Mohammad, 2021) their skin is
the appropriate shade. One of the people who took part in
the "Dark Economic Empowerment (Mohammed et al.
2022)" program in South Africa is now the new leader of
the country, and he is expected to get $500 million.
Education is the topic (Sadq et al. 2020) at the center of
some of the most contentious disputes about the merits of
beneficial segregation in some nations (Khorsheed et al.
2020). There are certain states in the United States, like
California, Michigan (Ibrahim, 2021), and Florida (Khan
et al. 2020), that do not permit the debate of race in college
confirmations that are sponsored by the state. On the other
hand, there are less and fewer of those other people.
Universities that consider it are typically reluctant to
specify how much weight they give (Muhammed &
Mustafa, 2021) it because of privacy concerns. Pundits
assume that this is due to the fact that they accord it an
unquestionably greater weight than what the majority of
Americans would deem realistic (Awdel et al. 2020). One
research found that black applicants at certain schools who
scored 450 points (Omar et al. 202