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ABSTRACT

This text explores the intersection between phenomenology and the sciences of complexity, seeking
to understand the dynamics of social interactions during the COVID-19 pandemic. It is argued that
the analysis of interactions between individuals, groups and institutions, considering nonlinearities
and uncertainties, is fundamental to understand emerging social behaviors. The importance of
building a phenomenology of the pandemic that takes into account the social context and the
dynamic structures involved is highlighted. Two studies are mentioned: one that analyzes the
effectiveness of social distancing in mitigating COVID-19 and another that develops a dynamic
model to understand the spread of the disease and vaccination strategies. Both studies highlight the
relevance of incorporating the social context into the analyses. The text concludes that understanding
the pandemic requires an integrative approach that considers both the complexity of social dynamics
and the search for the essence of phenomena. Reflection on controversial topics, such as the use of
masks and vaccination, is essential for a more complete analysis of the global COVID-19 emergency,
using the tools of complexity sciences to model and understand these dynamic phenomena over time.
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INTRODUCTION

In its interdisciplinary approach, the science of complexity encompasses several domains of
knowledge, both in relation to the contents of interest and the ways used to represent them. This
representation is not limited only to the symbols and vocabulary employed, but is mainly imbued
with the intellectual context present during its conception.

Dynamical systems, an integral part of the science of complexity, lack a consensual
definition. However, they are composed of units whose behavior, when isolated, is considered simple
or predictable, such as convergence to a steady state. However, when these units are coupled, they
undergo a more intricate temporal evolution, resulting from the interactions between the parts. In this
sense, it is appropriate to examine dynamical systems from the fundamental bases of
phenomenology.

Phenomenology is one of the many philosophical currents that developed throughout the
twentieth century, especially in the first half. During this period, the main investigations, conjectures
and publications on the subject were credited to Husserl (1859-1938). For Husserl, the process of
phenomenological induction comprises the following stages (FRAGATA, 1960):

e "Intentional" analysis of the relationship between the object as it is perceived (noema)
and its subjective apprehension (noesis). Husserl coined the term "intentional” to
describe the relationship between the object and its appearance in the consciousness that
perceives it, i.e., its meaning;

e Epoche, which consists of the suspension of the appearances of the world, or of a
phenomenon;

e Eidetic reduction (eidos = essence), the process by which essences of a phenomenon are
abstracted from consciousness and/or experience, transcending conventional patterns and
structures of thought and action to identify their common roots;

Therefore, for Husserl, knowledge resides neither in the observer nor in the observed object,
but in the conception or image of the object formulated by the observer. He defines truth as the
perfect agreement between the meaning (formulated by the observer) and what is given (the object)
(MARCONDES, 2005).

It seems reasonable to us, therefore, to recognize points of convergence between the
objectives outlined in the field of complexity sciences, based on dynamic systems, and the
methodology that drives phenomenology in its seminal form. Let us look in more detail: It is
necessary that the object of study within the natural sciences, including the science of complexity, is
nature in its broadest sense, including anthropomorphic relations under certain conditions, even if
this nature is expressed through a symbolic set of laws or models, this implies an "intentional”

analysis. as mentioned earlier.
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In a tangential approach to Sartre (SARTRE, 2021), we can consider the distinction between
a "nature in itself" and a "nature for itself". Nature itself represents nature in its intrinsic essence,
closed in on itself. On the other hand, nature for itself is that which is revealed by the construction of
anthropomorphic consciousness and expressed through laws, equations, models, and narratives. The
latter is thus the result of human thought, emerging from eidetic reduction through a reflection on an
epoché. Thus, it seeks to constitute processes of repeated interactions where the essence of a
phenomenon is sought, rejecting superficial appearances.

It was Marx who stated that "all science would be superfluous if the form of manifestation
(the appearance) and the essence of things coincided immediately" (MARX; ALVES, 1983). It was
also Marx who affirmed that theory is the real movement of an object transposed to the researcher's
brain - it is the real reproduced and interpreted on the ideal plane (of thought). For Marx, the object
of research has objective existence; it does not depend on the subject, on the researcher, to exist. The
researcher's objective, going beyond the phenomenal, immediate and empirical appearance through
which knowledge necessarily begins, this appearance being a level of reality and, therefore,
something important and not disposable, is to apprehend the essence (i.e., the structure and
dynamics) of the object. In a word: the research method that provides theoretical knowledge, starting
from appearance, aims to reach the essence of the object, that is: capturing its structure and dynamics
(MARX, 2017).

Structure in a dynamic system, an integral part of the sciences of complexity, can be
understood as the underlying organization and patterns of interconnection between the various parts
or elements that make up the system. It outlines how these elements relate to each other and how
their interactions impact the overall behavior of the system over time. This structure encompasses
aspects such as the topology of the connections between the elements, the cause-and-effect
relationships, the feedback and feedback patterns, as well as the emergence of collective properties.
Also part of the structure are the actors, understood here as the research community, and its research
agenda, and how it is approached in the face of the multiplicity of options, in view of the available
resources and the intellectual emergence of a phenomenon, such as the COVID-19 pandemic.

On the other hand, dynamics in a dynamical system refers to the temporal and evolutionary
behavior of that system, i.e., how its parts interact and develop over time. It describes the changes,
patterns, and processes that occur within the system, and how these changes emerge from the
interactions between its components.

In complex systems, dynamics are often characterized by properties such as nonlinearity,
interdependence, multiple feedbacks, emergence of patterns, and unpredictable behaviors. These
characteristics can result in phenomena such as bifurcations, oscillations, self-organization, chaos,

and adaptation.
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Now, if in dynamic systems structures are essentially linked to dynamics, and one is not
possible without the other, it can be preliminarily concluded that this field of human knowledge
meets, at least to a large extent, the driving requirements of phenomenology, being essential to the
essence of the phenomena studied by them. However, even if the sciences of complexity are intended
for the essence of phenomena, are they also intended for a possible totality of knowledge? Netto
teaches us (NETTO, 2009) that it is through abstraction, here understood as intellectual capacity, that
an element is extracted from its context. It is then possible to isolate and examine it. Abstraction
takes from the abstracted element its most concrete determinations, until it reaches "the simplest
determinations". At this level, the abstracted element becomes "abstract" precisely what it is not in
the totality from which it was extracted. Here we also come to another observation: knowledge of the
essence of an object is not enough; it is necessary to place it in the social context that produced it, if
we want to unveil it in its totality (or even totalities, considering that reality, even though it is
complex and difficult to grasp, is not fragmented).

It was Martin Heidegger (1889-1976) who, further extending the limits of phenomenology,
stated that "a phenomenon is that which shows itself in itself" (HEIDEGGER, 2010). Thus, a
phenomenon, when it "shows" itself, does so within a context. Therefore, the essence in
phenomenology also requires the context or even the totality worked out by Marx.

At this point, we can already see that the attendance of the driving bases of a possible seminal
phenomenology of the COVID-19 pandemic, based on the sciences of complexity, needs to produce
structures and dynamics of this pandemic. The plural here is not by chance, as this will necessarily be
multifactorial and must be approached from the theoretical multiplicity allowed by the sciences of
complexity. At the same time, such structures and dynamics need to reflect the context in which the
global emergence of COVID19 unfolded. For this, models, complex networks, etc. (structures) in
their temporal evolution (dynamics) need to reflect, at least partially, the context of the COVID-19

pandemic. To this end, some relevance inherent to the global emergency of COVID-19 is presented.

THE COVID-19 EPIDEMIC, ITS CONTEXT AND THE BASIS FOR DYNAMICAL
SYSTEMS

At the end of December 2019, patients with pneumonia of unknown origin were reported to
the World Health Organization (WHO). All of these cases were associated with the Huanan market,
located in the city of Wuhan, China (ZHU et al., 2020). In January, Chinese researchers were able to
identify the causative agent of the disease as being a single-stranded, enveloped RNA virus
belonging to the Coronaviridae family (LU et al., 2020). Initially called nCoV and 2019-nCoV, the
virus was later named SARS-CoV-2, being the cause of Severe Acute Respiratory Syndrome 2 (TAN
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et al., 2020). On March 11, 2020, after more than 118,000 infected patients in 114 countries and
4291 confirmed deaths, the WHO declared the existence of a global pandemic (WHO, 2020).

Coronaviruses are capable of infecting mammals and birds, causing respiratory, neurological
and gastrointestinal diseases (WEISS; LEIBOWITZ, 2011). Before the discovery of SARS-CoV-2,
six species of coronaviruses were known to cause disease in humans. Four types of human
coronavirus - 229E, OC43, NL63 and HKU1 - are common and usually cause simple cold symptoms
in immunocompetent individuals (BOUHEMAD et al., 2011; SU et al., 2016). The other two — the
Severe Acute Respiratory Syndrome coronavirus (SARS-CoV) and the Middle East Respiratory
Syndrome coronavirus (MERS-CoV) — are zoonotic in origin and have been linked to more severe
and potentially fatal illnesses. Due to the high prevalence, wide distribution, great genetic diversity,
frequent recombination of their genomes, and increased human-animal interaction, the periodic
emergence of new Coronaviruses with the potential to infect humans was predicted (CUI; READ;
SHI, 2019).

SARS-CoV and MERS-CoV viruses are transmitted by droplets and by direct contact (LEI et
al., 2018; OTTER et al., 2016), mechanisms that were initially proposed for the transmission of the
new coronavirus, just like its predecessors. Currently, it is known that SARS-CoV-2 is transmitted
by respiratory droplets and by a possible, although unlikely, fecal-oral transmission (TAY et al.,
2020). There is also the possibility of transmission of the virus also through direct contact with
inanimate objects, supported by studies that demonstrated that the virus could remain viable and
infectious in aerosol for hours and on surfaces for days (DOREMALEN et al., 2020).

The incubation period of SARS-CoV-2 is estimated at 14 days, with a median of 5 days
(LAUER et al., 2020), although this period has changed with the arrival of the omicron variant. The
lethality rate of the virus is estimated to be between 0.2 and 1.6%, with large fluctuations between
studies. This variation is mainly attributed to the different age groups analyzed and the
socioeconomic disparities of the sites studied, including the degree of preparedness of health systems
and the proportional number of COVID-19 patients admitted for hospitalization (VERITY et al.,
2020; BRAVATA et al., 2021).

In view of the above, it is clear that the spread of SARS-CoV-2 occurs through social
interactions, which are subordinated to a political logic. It is no coincidence that a series of metrics of
social interactions were produced, the most reported being those prepared by Google (community
mobility report) and the Rigor Index produced by the Our World in Data platform. In the case of
Google, mobility in leisure places, markets and pharmacies, parks, public transport stations,
workplaces and residential places were measured (GOOGLE, 2020). The nine metrics used to
calculate the Rigor Index are: school closures; closure of workplaces; cancellation of public events;

restrictions on public gatherings; closure of public transport; stay-at-home requirements; public
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information campaigns; restrictions on internal movements; and international travel control
(MATHIEU et al., 2020).

In Brazil, there was an ambiguous approach to confronting SARS-CoV-2. While the majority
of municipal and state authorities and the Ministry of Health, at least most of the time, took a
position in accordance with the guidance of the majority of the academic community, the presidency
of the republic, at various times, verbalized against and did not adhere to the non-pharmacological
treatments recommended by the World Health Organization (WHO). In addition, there were verbal
and administrative obstacles to the use and acquisition of vaccines. The timeline, figure 1, below
illustrates the context in which the COVID-19 emergency unfolded in Brazil (SANAR, 2022). It
begins with the first cases of COVID-19 patients in China and is characterized by an escalation of
cases and deaths in Brazil. In addition, it is possible to identify two distinct periods of action by
public authorities. During the first and second trimesters, approximately, there is a lack of synchrony
between the Presidency of the Republic and the Ministry of Health. However, during the third
quarter, there is greater political cohesion.

Figure 1: Timeline that encompasses the first year of COVID-19 in Brazil.

05/03 - 1° Caso de
transmisséo intemo, 11/03 -
OMS declara pandemia.
17/03 (PR) - deceta crime
recusa ao isolamento.
19/03 - Bahia decreta
emergéncia. 24/03 (PR)
critica o "fique em casa’
02/04 - Mascaras para
todos. . 10/04 - 1° Colapso
Manaus, 16/04 - Nove (1S}
30/04- Imperial College
London coloca o Brasil
COM a maior taxa de
2/05-Jornal da

SARS-CoV-2 30/09-Brasil adere ao
SARS-CoV-2 Covax Facility. 05/20 - SARS-CoV-2
P Vacinas de Oxford
’ \ T~ anunciam atraso. 15/11 - ¥, T~
| Casos: 1, ) / Casos: \ fase 3 Coronavac. 30/11 Cafos:10.081.576.
\Monr*S'G/ | 3.229.621. | Voita a crescer os | Mortes: |
M{?ﬂSS 105. 5,64 internamentos. 244.675
~_ - . \ /
- uso da cloroquina ~_ - ~_ -
Time span Time span o Time span 5
7 m?z’jg.l_%ow Margo-Abril-Maio-2020 Setem-Outu-Nov-2020
SARS-CoV-2 03/06-(MS) atrasa SARS-CoV-2 15/12 - Plano de vacinagdo
08/12- 1° casos de T~ divulgagdo de casos, * —_ anunciado. 31/12 -
COVID-China. 05/01 - OMS g Casost s 04/06-(MS) muda hordrio  Casos Coronavac alinge meta.
publica 1° comunicado. 514.849, de divulgagéo de caos e 5.863.093 15/01- P1 é anunciada
09/02- 34 Brasileiros \ Mortes: / mortes, *. 05/06-(PR) Mortes: 18/01 - Inicia-se a
retornam de Wuham. 21/02 29814 ameaga deixar OMS, (MS) \ 165,798 / vacinagéo, 19/02 - Brasil
- (MS) - Alerta de paises. - atrasa casos e ~— negacia compra de vacinas
26/02/2020 - 1° caso morntes.06/06-(FR) tira do sem aprovacdo da

COVID-18 ar plataforma. 08/06-( ) ANVISA. .

- passam a divuigar
nimeros. 11/06 - (PR) pede
gue seguidores entrem em
hospitais, *. 27/06 -
Parceria FIOCRUZ e
Oxford. 29/06 -OMS
declara Brasil epicentro nas
américas, *. (PR) com
COVID-19. 06/08 -
Butantan anuncia
possibilidade da vacina.
11/08 - Russia anuancia
vacina.

"(PR)" refers to the Presidency of the Republic or the President of the Republic. "(MS)" is the abbreviation for Ministry
of Health or Minister of Health, and the asterisk (*) indicates a record number of deaths that day.

The continuity of the timeline is shown in figure 2.
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Figure 2: Timeline marked by vaccination and drop in deaths.

SARS-CoV-2 16/06 - Mais de 50 milhdes 23/12-Exigéncia da
de doses da Coronavac. SARS-CoV-2 vacinag4o infantil. 28/12 -
= 31/07 - Registra-se queda 80% da populagdo
Casos de 40% nas mortes. A PR vacinada. 31/01- Casos
15.285.048 avanga. 31/08 - )5 22 voltam a crescer, mas ndo
| ] Casos: 22
Mortes més com a menor taxa de | mihdes ) as mortes. 28/02- Pior més
\ s / mortes no ano. Mortes:614.278 em contagio.
P
Time span ° Time span { Time span
Margo - Abril - Maio - 2021. Junho-Julho-Agosto-2021 21 Dez 2021, Jan, Fev - 2022.
- - ARS-CoV-2
SARS-CoV-2 30/09 - Més com menor SARS-Co
12/03-Registro definitivo da N taxa de mortes no ano. -
vacina de Oxford. 15/03 - Casos. 30/10 - Cai novamente o Gsos: 28,

21.425.777, milhdes.
| morees: |

\ 647.290 /
NSO

Novo (MS). O (MS) s

] nimero de mortes. 14/11
Brasil ultrapassa 0s EUA
em vacinagdo. 29/11 -
Butantan publica estudo e
mostra a eficacia da
vacinagéo,

notabilizou pela Mortes.
tretamento precoce. Pior \ i% 503 /
momento da pandemia até -
entdo com mai s de dois mil

mortes dia. 25/03- mais de

6 mil pessoas esperam

leitos de UTI. 06/04 - Mais

de 4 mil mortos no dia, *.
27/04 - Instala-se a CPI da
COVID-189.

As evidenced, the second timeline is characterized by an increase in the vaccination rate and
an overall improvement in the pandemic situation in Brazil, notably marked by the reduction of
COVID-19-related deaths.

In the next section, we address how the science of complexity, notably dynamical systems,

has addressed the COVID-19 pandemic.

DYNAMIC MODELS, DISEASES AND THE SEARCH FOR TOTALITY

First of all, it is important to consider the long tradition of complexity sciences in the study of
contagious diseases

In its seminal form, it was in 1927 that Kermack and McKendrick proposed a dynamic model
known as the SIR (Susceptible, Infected, and Recovered) model, which proposes to describe the
spread of an infectious disease (KERMACK; MCKENDRICK, 1927). This model is based on the
temporal evolution of compartments that represent the different stages of the population in relation to
the disease: susceptible, infected, and recovered. This dynamic is outlined through a system of three
differential equations, which describe the migration of individuals between the aforementioned
compartments, starting with the susceptible compartment with the introduction of infected
individuals. The SIR model has evolved over time to improve the understanding and control of

infectious diseases. Several studies have explored the qualitative behavior of the SIR model,
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analyzing equilibrium points, basic reproduction numbers, and local stability (JACOB et al., 2022;
WACKER; SCHLUTER, 2020). In addition, research has explored discrete SIR models in time with
nonlinear incidence and recovery rates, investigating bifurcation properties, such as transcritical
bifurcations, period folding and Neimark-Sacker, to enrich theoretical analyses (SADURNI; LUNA-
ACOSTA, 2021). The examples cited illustrate the evolution of the model proposed by Kermack and
McKendrick, showing that its structure, represented by differential equations that describe social
interactions, and its dynamics, nonlinear, have been scrutinized and improved over time. Even so, to
meet the bases of a possible phenomenology, they need to incorporate the context (totality) and, in
the specific case, the context of the COVID-19 pandemic.

As evidence of the intellectual effort of researchers to develop a theory of the pandemic that
reflects reality and incorporates the context in which it occurred, we highlight here two works. These
studies address aspects that have been the target of social dispute and, based on these, produce
conclusions of high relevance for the dynamic description of the COVID-19 pandemic.

The first of them analyzes the impact and effectiveness of social distancing in mitigating the
COVID-19 pandemic (FILHO; MORET; MENDES, 2021). In this work, we examine the
relationship between SARS-CoV-2 infection rates and a social distancing metric, developed by the
authors, based on data from all the most populous states and cities in the United States and Brazil, as
well as the 22 countries of the European Economic Community and the United Kingdom. It is also
discussed why the infection rate, rather than the actual reproduction number or the case growth rate,
1s an appropriate choice to perform this analysis when considering a wide period of time. Finally, a
strong Spearman rank-order correlation is obtained between the social distancing metric and the
infection rate in each locality. In other words, social distancing affects the infection rate. It is
important to remember that, as mentioned in the timeline in figure 1, social distancing was the
subject of controversy in Brazil, as can be seen in the statements of political authorities. This
highlighted work is followed by others with similar themes: (D'ONOFRIO; MANFREDI, 2022;
GOUNANE et al., 2021; MAKRIS, 2024), among others.

The second work we highlight (BATISTELA et al., 2023) focuses on the development of a
dynamic model, called SIRSI vaccine, to understand the spread of COVID-19 and vaccination
strategies. The model considers unreported infectious cases, temporary immunity after infection or
vaccination, and the impact of the vaccination rate and the isolation rate on the spread of the disease.
The main conclusions and contributions of the study include: the identification of the transcritical
bifurcation diagram, showing the stability of endemic and disease-free equilibria based on the
vaccination rate and isolation index; the estimation of the maximum number of confirmed cases for
different sets of parameters; and the adjustment of the model with data from Sao Paulo, Brazil, to

analyze infected cases and trends in the isolation index. Provides information for policymakers on
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the effective combination of vaccination and non-pharmaceutical interventions to mitigate the spread
of disease. Once again, it is needless to say how controversial the topic of vaccination was in the
global emergency of COVID19 here in Brazil. This work is followed by others: (MARINOV;
MARINOVA, 2022; AL-RAEEI; EL-DAHER; SOLIEVA, 2021; POONIA et al., 2022), all with
similar themes.

Therefore, it becomes evident that the essential understanding of the phenomenon of the
COVID-19 pandemic is only achievable through the sciences of complexity, including dynamic
systems, if the mathematical framework incorporates the context in which it developed. From these
advances, the possibility of a phenomenology of the pandemic through the sciences of complexity

arises.

CONCLUSIONS

The profusion of works within the sciences of complexity that seek to incorporate the context
of the global emergency of COVID-19 shows us the vocation of this area for such feats. In fact, the
purpose of this text was to qualify what we understand to be the inductive bases of a possible
phenomenology of the COVID-19 epidemic, based on the sciences of complexity. To this end, we
focus on a branch of the sciences of complexity, which are dynamical systems. We glimpse that a
phenomenon of nature is apprehended by a researcher from his intellectual activity, converting the
phenomenon itself into a phenomenon for himself. In such an act, in order to meet the driving bases
of seminal phenomenology, it is necessary for the researcher to get closer to the essence of the object
studied. To this end, the structure and dynamics of an object are combined, which, within the
sciences of complexity in its branch mentioned here, dynamic systems, are intrinsically intertwined,
therefore destined to the essence of the object studied, in this case, the global emergency of COVID-
19.

In addition, it was shown to be imperative that the mathematical structure associated with the
dynamical system, if it wants to reflect well the reality of what the COVID-19 pandemic was, needs
to incorporate the social context in which it unfolded. It is therefore imperative that researchers
reflect on controversial topics such as the use of masks, vaccination, social distancing, among others.
Due to their characteristics, dynamic systems are suitable for reflecting on such controversies due to
their ability to model and analyze complex phenomena that evolve over time, allowing the
representation of dynamic behaviors, interactions, and feedbacks between different components of a
system. They capture the dynamics of interactions between social agents, such as individuals, groups
or institutions, and the consequences of these interactions over time, thus seeking insights into
behaviors decided from a political logic. They also incorporate nonlinearities, uncertainties and

randomness, reflecting the complexity inherent to social systems. This makes them a powerful tool
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for understanding and predicting emerging social behaviors, as well as for exploring different
scenarios and policies.

By making use of such reflections in their work, and incorporating them into their work, the
researchers meet the presuppositions for a possible phenomenology of the COVID-19 pandemic.

Certainly, the construction of a phenomenology of the COVID19 epidemic using the sciences
of complexity as a basis, in addition to the assumptions discussed here, needs to consider, analyze
and construct a series of other steps. In addition to the search for essence, for example,
phenomenology also seeks to identify communalities (SANDERS, 1982), an aspect that has been
addressed here only tangentially, and which deserves further reflection.

Investigating the intersection, and imbrication, between the sciences of complexity and
phenomenology offers a vast and fruitful field for understanding the multifaceted nature of the
phenomena that permeate our world, especially in the COVID-19 epidemic. By adopting an
integrative approach that values both the thorough analysis of complex dynamics and the search for
the essence and meaning underlying phenomena, we can open up new perspectives and gain deep
insights into the reality we have faced throughout the challenging days in which we have found

ourselves immersed in the global COVID-19 emergency.
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