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Resumo

Acidentes de trabalho (ATs) sdo um problema sério para a sociedade que podem
resultar em danos fisicos e/ou psicolégicos para os empregados, perda de mao de obra,
despesas com indenizagoes e multas para o empregador e gastos de seguro social com
indenizagoes e hospitalizagoes para o Estado. O Ministério Publico do Trabalho(MPT)
coleta dados sobre ATs e esses dados apresentam potencial para analise. Neste trabalho
apresentamos uma estratégia visual empregando técnicas de Visualizagao da Informagao
para exploracao e andlise de dados de ATs, focando no aspecto temporal, para identificar
padrdes nas ocorréncias de ATs e associd-los a informacoes estratégicas sobre como as
ocorréncias se comportam no tempo. Noés desenvolvemos um sistema interativo para
validar nossa estratégia de analise de dados de ATs do Brasil e realizamos as analises
utilizando os dados providos publicamente pelo MPT, usando informagoes geograficas e
temporais associadas ao dado, para demonstrar o potencial de nossa estratégia. Como
resultado de nossa analise visual nés pudemos destacar a evolucao das ocorréncias de ATs
nas localidades brasileiras ao longo do tempo, identificar tendéncias, eventos sazonais e
comportamentos anormais. Pudemos também compara o comportamento de localidades
em mesmo/diferente nivel hierarquico, entre outros. A estratégia proposta pode fornecer
um ambiente eficaz para orientar governantes na identificacao de localidades que carecem
de mais atengdo para criar politicas publicas que melhorem a fiscalizacao, ajudem na
redugao dos acidentes e garantam a seguranca dos empregados. As contribui¢oes deste
trabalho sdo uma estratégia visual para analise temporal de dados de AT, e um sistema
computacional para melhorar as capacidades analiticas de especialistas do governo. Noés
esperamos incentivar a transparéncia nos governos, bem como a participacao publica nas

decisoes dos governos.

Palavras-chave: Acidente de Trabalho. Dados Governamentais. Visualizagdo da Infor-

macao.






Abstract

Labor accidents (LAs) are a serious social problem that can result in physical or/and
psychological damages to employees, loss of manpower, expenses with compensations and
fines to employers, and social security expenditures with compensations and hospitaliza-
tions to the State. The Brazilian Federal Labor Prosecution Office (BFLPO) collects a
massive volume of data regarding LAs and this data presents potential to be analyzed.
In this work we present a visual strategy employing Information Visualization techniques
to explore and analyze LA data, focusing on the temporal aspects to identify patterns
on labor accident occurrences, and to associate it to strategical information about how
they behave over time. We developed an interactive system to validate our strategy in
analyzing LA data from Brazil, and performed the analysis on the data publicly provided
by the BFLPO, using the geographical and temporal information associated with the
data, to demonstrate the potential of our strategy. As the result of our visual analysis
we were able to highlight the evolution of accidents occurrences in the localities of Brazil
over time, to identify trends, seasonal events, and abnormal behavior. We could also
compare localities” behavior in the same/distinct hierarchical levels, among other task.
Our proposed strategy may provide an effective environment to guide the governors in
identifying localities lacking attention in order to create public policies to improve inspec-
tion, to reduce accidents and to grant safety for employees. The contributions of this work
are a visual strategy for temporal analysis of LA data and a computational system, that
implements this strategy, to enhance the analysis capabilities of experts from government.
We expect to encourage transparency in governments as well as public participation in

the governments’ decisions.

Keywords: Labor Accident. Governmental Data. Information Visualization.
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CHAPTER

Introduction

Labor accidents (LAs) represent a serious problem to the society. Around the world,
per year, the numbers exceed 374 million of LAs recorded, resulting in more than 2.78
million of deaths. It is estimated that the amount of money spent due to poor safety
work conditions is about 3.94% of the global GDP(ILO, 2019). In Brazil, from 2012 to
2018, more than 4.5 million of LAs were recorded and among them approximately 16
thousand resulted in death. For social security the expenditures were about 29 billion of
Brazilian reais(Smartlab de Trabalho Decente MPT - OIT, 2017). LAs can impact all
sectors of the society, resulting in physical or psychological damages to the employee, loss
of manpower, expenses with compensations, and fines to the employer, as well as social

security expenditures with compensations and hospitalizations to the State.

In Brazil, the Brazilian Federal Labor Prosecution Office (BFLPO) is the institutional
agency responsible for the inspection of labor conditions when there is a public interest,
aiming to regulate and mediate the relationship between employees and employers (Min-
istério Publico do Trabalho, 2018). One of its main duties is the supervision and control
of labor health and security, and to do it effectively, it keeps records of the LAs using doc-
uments named Comunicagdo de Acidente de Trabalho or Labor Accident Communication
(LAC), which are documents that should be filled by the companies to communicate the
occurrence of a LA, occupational disease or death(INSS, 2018).

Labor accident data relates two important aspects: geographical and temporal in-
formation. The geographical information provides a good comprehension of a country’s
situation. Each geographical position reveal differences or similarities related to several
associated particularities. This sheds light on the understanding of LAs’ evolution since
some factors related to population size, economic activity, efficiency in inspection policies,
etc, may impact the type and frequency of accidents occurrence. The LA data is usually
collected in a specific locality with some time specification, such as date and hour, and
this temporal information is the main characteristic in the analysis of LAs evolution, since
it reveals how the accidents are distributed over the years and also can reveal patterns,

anomalous behaviors, seasonalities, as well as the impact of public policies. Considering
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the time, governmental data can be seen as temporal series whose observation is important
to study the past, to understand the present and to make predictions about the future,
as well as for comprehending phenomenon behaviors in specific spans of time. From that
arises the need to understand the LA data evolution in order to identify patterns in the
occurrence of LAs and to better understand LA occurrence behavior, providing means for

creation of public policies to improve work conditions in the country.

In a country of continental proportion, such as Brazil, the amount of governmental
data produced is huge and, as the data is collected over time, this data volume daily grows.
There are different approaches that can be applied to understand huge data volumes and
its evolution. The manual analysis is arduous, demands a considerable amount of time and
is susceptible to mistakes. Automatic approaches employing machine learning techniques,
while often effectively applied to big data volumes, usually results in processes in which
the user is not able to interfere, except for parameters’ empirical manipulation, which

may impair users to understand data behavior and infer reasons to justify this behavior.

In Brazil, the BFLPO and the International Labor Organization (ILO) provides the
Observatorio Digital de Saide e Seguranga mo Trabalho (ODSST), which is a website
containing information about LAs in two main approaches, statistical, with some gross
values, and visual, with some charts. They also publicly provide the raw data using
spreadsheets in which each line presents a record of one LAC gathered at some specific
period. The exploration process and data analysis available in the website is very limited
and is not suitable to reveal complex patterns, specially for analysis of evolution of LAs’
occurrence, since it presents only simple bar charts without interactions, significantly

reducing the data mining ability by the user.

Information Visualization (INFOVIS) is a research area that develops data exploration
strategies by mapping abstract data to visual representations to enhance the cognitive
capacity of the user (MUNZNER, 2014). Visual representations and interactions may be
valuable to analytical tasks in the sense that they accelerate rapid insight into complex
data (THOMAS; COOK., 2005), revealing particular characteristics and providing means

to the user to make inferences about it, performing such tasks intuitively and effectively.

INFOVIS is a potential tool to reveal patterns and trends in the data gathered by
the BFLPO, representing an important approach to understand the variation over time
in this huge amount of data. Analyzing the evolution in the LA data behavior allows,
among other tasks, to understand the period of occurrence of the events, seasonalities
and anomalous behaviors, which may have impact on the decision making by the diverse
administrative sectors of society and government. A visual analysis strategy can also
benefit the population, since it communicates, in a simple and clear manner, the infor-
mation within the data, enabling the monitoring of government actions and increasing
their awareness about the locality they live, in order to encourage their participation in

creating safety policies. Thus, the analysis of the LA data behavior over time becomes a
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relevant research task.
Moreover, there are several different INFOVIS techniques that can provide different
perspectives of a given data set, in this sense the combination of techniques well known

in the literature could be of good use to potentialize information extraction.

1.1 Objectives and Contributions

The analysis of LAs is an important task performed by the BEFLPO, but even though
they lack of strategies that could potentialize this analysis. In this sense the objective
of this research work is to develop a visual temporal analysis strategy of labor accident

data, employing INFOVIS techniques. The specific objectives are:

(1 To setup layouts for different perspectives analysis of the temporal evolution in the

BFLPO’s LACs data set;

d To combine different interactive layouts attending to the proposed structure to cre-

ate visualizations that potentialize information extraction;

1 To develop a system to evaluate the proposed strategy;

1.1.1 Hypothesis

A visual temporal exploration strategy, using interactive Information Visualization
techniques, better communicates the temporal evolution of labor accidents behavior to

the user enhancing the comprehension of the accidents occurrence distribution over time.

1.1.2 Contributions

The contributions of this work are:

[ A strategy for temporal visual analysis of LAs data that combines a set of INFOVIS
techniques that provide different perspectives of data, potencializing the information

extraction;

d A temporal visual analysis system that communicates the patterns and anomalies
within Brazil’s LA data, allowing the analysis of the distribution of the accidents

over time and the comparisons of the LA evolution from different perspectives;

(4 Suitable visual metaphors combination that characterize the occurrence of LAs in
Brazil, providing to the government strategic information to guide the creation
and /or improvement of public policies, as well as to evaluate their impact over time

in different geographic regions.
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(d An instrument to simplify the communication of LA data to the population, granting
real transparency of governmental information to the citizens, and allowing them
to better identify the problems, as well as to comprehend the impacts of the public

policies over time, playing their role as government inspectors.

1.2 Thesis Organization

This thesis is organized as follow: chapter 2 presents the basic concepts related to this
research, as well as the related works to the main topics addressed. Chapter 3 presents
the strategy we proposed using INFOVIS techniques and the design considerations for the
system that we implemented to test our strategy. Chapter 4 presents the results of using
our system in the analysis of the LA data provided by the BFLPO regarding temporal

context. At last, we present chapter 5 with our final considerations.
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CHAPTER

Fundamentals

This chapter presents some fundamentals and discusses the main topics related to this
research work. First, we present the Information Visualization research area, and focus on
some techniques that perform the visualization of temporal data. We also introduce the
governmental data and present discussions on strategies for visual analysis of this type
of data. Finally, we detail the BFLPO, as well as the labor accident repository and the

already developed computational tool that they provide for analysis.

2.1 Information Visualization

Information Visualization (INFOVIS) is a research area that studies techniques to
create visual representation from abstract data to aid people to do tasks more effectively.
One of the main goals of the INFOVIS is to investigate which techniques are more suitable
to associate a data set with a specific task . It is used to enhance humans cognitive ability
in tasks where they can not be substituted (MUNZNER, 2014).

The INFOVIS is based on the most keen human sense, the vision. Due to the great
communication channel between the brain and the eyes, a large amount of visual infor-
mation is quickly processed. Other advantage is the information technology for commu-
nication, which provides more resources to explore the vision than to any other human
sense(MUNZNER, 2014).

Figure 1 presents the classic visual analysis process, described in 5 stages (LIU et al.,

2014), which are:

1. Data Transformation and analysis: The data are studied and pre-processed to
be adequately structured for the analysis. Examples of pre-processing tasks include

missing values processing, sumarization, among others;

2. Filtering: The data are filtered and subsets are selected to compose each specific

visualization, according to the nature of the data;
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3. Mapping: The chosen subsets are encoded in visual representations that consider
geometric primitives as lines, points, circles or more complex visual metaphors, with

different attributes as color, size, texture, etc;

4. Rendering: The created representation is transformed in an image to be presented

to the user;

5. UI Control/Controls: A set of interactions are added to the rendered image to

allow the user to do the visual exploration of the data, showing different perspectives.

Data collection £

Data Transformation
and Analysis

Structured data

Filtering
Focus data
Mapping
Geometric data
Rendering
Ul Controls B k’ v i
User w
Interaction

Figure 1: Pipeline of the visual analysis process using INFOVIS.
Source: (LIU et al., 2014).

INFOVIS provides a variety of visual representations that can be combined with in-
teractions in myriad ways to address different needs. Visual analysis can benefit several
different areas such as Medicine (LEE et al., 2010; KOLESNICHENKO et al., 2019),
Education (LU; WEI, 2010; TERVAKARI et al., 2014), and Engineering (PARKINS;
MCCUTCHEON, 1999; DEWEN; PING, 2011; WANG et al., 2012), among others, to
perform different tasks such as data exploration. In the next sections we present some
studies related to the main focus of this research work that use from simple to more
sophisticate INFOVIS techniques and the particular case of the BFLPO system.
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2.2 Visualization of Time Varying Data

Time varying data is data observed and collected over time(LEE et al., 2015). The
time attribute can vary in scales, from nanoseconds to centuries. The main goal in
time varying data analysis is the understanding of data evolution, in order to properly
address the phenomena described by the data considering the date of occurrence of the
events. Beyond the difficult of deal with a large amount of data, another challenge is
the structure of the data, if it is irregular, unstructured or scattered (JANG; EBERT;
GAITHER, 2012). The analysis of time varying data is important for both the study of
the past and for predictive calculations, as well as to comprehend specific phenomena’s
behaviors over specific periods of time. This section presents applications of information
visualization techniques with focus in time varying data analysis in different scenarios.

Lin-spiration (GRAELLS; JAIMES, 2012) is an interesting visualization which is com-
posed of temporal series and interaction tools that allow data exploration. This visualiza-
tion uses a linear layout with curled spirals in both ends aiming to provide two perspectives
of the data. The central part of the layout, where the series are shown straight, focus on
a specific period of the data under analysis. On the other hand, spirals concentrate all
the rest remaining time series information, allowing the user to have an idea about the
data not focused at a specific moment. The visualization allows multiple time series to
be analyzed simultaneously, in a stacked way and also presents a scroll bar for each time

series so one can control what should be on focus.

YHOO

2004 Fabrusry March Apri May Jure duly Auguet  September  Oclober  Movember
[ | 1 1 | |

Figure 2: Representation of the time series of the Lin-spiration.

Source: (GRAELLS; JAIMES, 2012)

Figure 2 shows the complete visualization with three time series representing stock
market data. The layout employs scroll bars that represents each stock market: YHOO in
green, NSF'T in orange and GOOG in purple. The center of the image shows the behavior

between February to November, and the curled ends contain data from previous/posterior
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periods, providing an overview of how much data was measured, and how it behaves over
time. As the scroll bars are moved, the visualization also moves, rolling and unrolling the
spirals. This layout favors the perception of nuances in the data and allows comparisons
of different time series and different periods of time.

Another aspect that can be explored in a temporal data is the hierarchy and a variety of
approaches incorporate this hierarchical information in a combination of different layouts.
In (LI et al., 2013) INFOVIS techniques are applied to the study of index pollution in
the province of Shandong in China. This proposal is very similar to one presented earlier
by Burch, Beck e Diehl (2008). Both visualizations consist in a tree, combined with a
linear structure for the temporal aspect. This temporality is represented in both works
as different bar charts that are shown for each leaf node of a tree, as can be seen in
Figure 3 and Figure 4. Other charts are used to summarize measured values as sector
charts, and thumbnails show a tiny representation of the existence of a transaction related
to its node for overview purposes. Visualizing temporal data organized in hierarchies is
an interesting approach that can benefit comparisons and identification of patterns and
trends in different levels of abstraction, as shown by the authors of both works. This
structure presents potential for deep investigation of the temporality using filters, scale
change, and coordination with other layouts. However, a simple tree that does not show
the leaf nodes aligned may be an obstacle that can decrease the perception of the nuances

impairing the comparison.
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Figure 3: Layout proposed by Li et al. (2013) displays a tree-like diagram presenting
five pollutant indexes and the air pollution index(API). The root node repre-
sents the province of Shandong, the next layer of nodes represents the cities
being monitored, the third layer represents the monitor stations of air pollu-
tion and the last layer represents the pollutans measured in the station. Each
bar chart represents one pollutant index measured during the year 2010 and
the API.

Source: (LI et al., 2013)
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Figure 4: Layout proposed by Burch, Beck e Diehl (2008) presenting a tree-like diagram
in which each node is a region of the world. A thumbnail structure and a bar
chart is associated to each node.

Source: (BURCH; BECK; DIEHL, 2008).

The work developed by Morawa et al. (2014) deals with hierarchy of time series, such
as decades, years or months. This work proposes a graph structure over a timeline with
a structure named Time Shadow. Each node of the graph represents an event and has
a shadow, which is a semi-transparent layer behind the node that indicates the duration
of the event. The edges of the graph represent the relationship between the events, and
with them it is possible to determine whether one event has influence over another event.
Figure 5 shows an example with part of a graph placed over a timeline over a span of
years around 1970 to 1990. The nodes are representing different persons and each node
has a Time Shadows in elliptical shape.

The authors also propose interactions with the timeline, as shown in the Figure 6.
Figure 6-a shows that it is possible to enlarge the representation space of some period,
in order to show with more details the events represented by the graph, that occurred at
the moment. This interaction can also be used to reduce the space of a non interesting
area, giving space to enlarge others. Figure 6-b shows that it is possible to change the
scale of the timeline in specific periods, changing the scale of just an isolated span in the
timeline. In Figure 6-c, one can compress specific periods of time to allow non adjacent
periods to be shown side by side. The example shows a scale of centuries, where 1700
is hidden to show 1600 beside 1800. These proposed interactions are interesting ways to
deal with visual timeline representations since there is no need of a fixed scale. A further
idea could be the addition of summarization structures when the time is compressed, in

order to provide new ways to find patterns.

Soriano-Vargas et al. (2017) propose a visualization system to analyze the ionospheric
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Figure 5: Disposal of the nodes of the graph over the timeline.
Source: (MORAWA et al., 2014).
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Figure 6: (a) Interaction to zoom in or out on a specific period. (b) Interaction of tran-
sitioning among different time scales in specific periods.(c) Interaction to hide
some specific period to allow comparison of non adjacent periods.

Source: (MORAWA et al., 2014)
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scintillation phenomenon named Time Matrix. The matrix shows individual values in
its cells that were recorded and aggregated considering some time unit. In the same time
that it is possible to find individual values, the matrix itself also forms visual patterns,
which can be visually meaningful, once this values are mapped to colors in a single hue.
An example of their Time Matrix can be seen in Figure 7 that presents a set of small
multiples. Each Time Matrix is encoding observations of a whole month (1-31 January,
2014), and each row of a Time Matrix shows the observations along one day. In this
visualization, they present the set of matrices as small multiples of complete matrices
and a specific variable is depicted for each matrix in a specific period. This matrices can
show time spans in which there are several missing data, colored in gray, and in this case

the shapes formed inside each time matrix can be difficult to compare. The time matrix
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Figure 7: Small multiples of Time Matrices depicting observations of ionospheric scintil-
lation variables. Each Time Matrix represents the period 1-31 January, 2014,
and each line of the Time Matrix represent the observations of one day.

Source: (SORIANO-VARGAS et al., 2017).

approach aids the identification of elements with similar temporal behavior.

Other works add context information to the visualizations. Sharmin et al. (2015)
propose 4 types of visualization: space-time, time, contextual, and event-based. All of
them are time-based and show the stress of an individual during different moments of
the day. The authors suggest the use of filters to set the time period to be exhibited.
All the visualizations in this work show a period of one day, but they also suggest that
more days can be shown, for instance, all the week days. They present a summarization
and when expanded, details on demand can be shown. Figure 8 presents one of their the

contextual visualization, in which the relationship between the stress and the executed



40 Chapter 2. Fundamentals

activity considering the time is shown. Depicting the context in a visualization is an
interesting approach to improve the comprehension about data evolution, as it combines
the computational power of the machine with the specialist knowledge in the tool to
communicate information in a simple and clear way.
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Figure 8: Context visualization in (SHARMIN et al., 2015) displaying the stress level of
an individual according to her activities during the time span of one day.

Source: (SHARMIN et al., 2015)

In (BADAM et al., 2016) the context is used in a tool that combines visualization
of time series with statistic analysis metrics. This tool presents the evolution of a time
series until some specific period, then the rest of the series is presented as branches that
simulate future behavior. These branches are calculated observing the predictions of a
computational model applied to the time series data and it is up to the specialists the
evaluation of the events’ context, and selection, based on their knowledge, of which branch

presents higher probability to occur.
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Figure 9: Context visualization about stock exchange prediction in (BADAM et al.,

2016).
Source: (BADAM et al., 2016)
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The example shown in Figure 9 illustrates a stock exchange prediction scenario. When
the specialist choose one branch, new predictions are done based on the previous choice.
This approach is promising to be applied on labor accidents analysis, since the specialists
could evaluate the current behavior of a city based on several factors such as its locality,
economic activity, etc. Also, based in the predictions, users may determine which public

policy may produce better results on a specific situation.

2.3 Governmental Data Communication

The definition of governmental data consists in all data of any type or format that
is collected, created, received, maintained, or disseminated by any government entity,
independently of its physical form, storage or condition of use (State of Minnesota -
Department of Health, 2019). Governmental data concern about different sectors of the
society all over a country, which implies the creation of voluminous data sets.

Basically almost all governmental data is public, which implies in the government
creating methods to make them available to the population. However, the analysis and
understanding of a large amount of data is already a challenge for specialists in data
science, and for non-specialists, the population, it is a much more tough task. In (MEN-
DON¢A; MACIEL; FILHO, 2014) the authors highlight that it is important to make
governmental data available to the population, but this data must be provided in a way
that allows experts and /or citizens to extract meaningful and strategical information from
them. It is thus necessary the use of proper structures and tools to address data analysis.
The use of new technologies, such as INFOVIS techniques, to present governmental data
can improve government-population communication, and the understanding of the data
can improve the population’s trust in the government (YING; XIALING; WEI, 2017,
DiAZ; AEDO; HERRANZ, 2014). The analysis of governmental data using INFOVIS
techniques can help specialist of the government in identifying problems, creating ade-
quate public policies and in decision making, and it can also engage the population in
inspecting the government actions for better social conditions. In the next section we
present some works that use INFOVIS in the analysis of governmental data from different

sectors of the society.

2.3.1 Visualization of Governmental Data

The use of INFOVIS techniques is an interesting solution to deliver governmental data
in a more affordable way for both specialists and population, and such representations
can be often found in official news and websites. Some examples are the projects de-
veloped in Africa(International Food Policy Research Institute (IFPRI) and Datawheel,
2017), United States(DATAWHEEL, 2016) and Chile(DATAWHEEL, 2018) that provide

information about different sectors of the society using graphics and maps. In (HOXHA,;
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BRAHAJ; VRANDECI¢, 2011) visual strategies are employed to provide to the popula-
tion information about economy, education, health, among other sectors, using simple line
charts, bar charts, sectors charts and even treemaps. In Brazil, a similar approach named
DataViva(DATAVIVA, 2013) aims to collaborate in the development of public policies,
academic researches and to encourage public and private investments, in order to help in
the solution of society problems, using official data. DataViva also allows some interac-
tions with its layouts,but the offered layouts are significantly limited, and do not offer any
coordination among themselves, which make harder the identification and comprehension

of more complex patterns.

_ Xujiahui as Origin ™\
VI s 7:00~9:00 04/18/2017

Figure 10: Visualization of people flow departing from the station of Xujiahui during
two hours of observation. The arches indicate the destination of the passen-
gers, the colors indicate the volume of passengers and the sector chart be-
side indicates which subway lines were more used and the proportion of use
among them.

Source: (ZHIYUAN et al., 2017)

Websites that uses simple INFOVIS techniques are important, as the visual represen-
tation facilitate to communicate strategic information to the user. However, when one has
many layouts to analyze, relate them to extract more information, or information from
different aspects, may not be straightforward. In this sense, some works propose to com-
bine different layouts in order to provide different perspectives of the data. In (ZHIYUAN
et al., 2017) it is proposed the use of various Information Visualization techniques, as well
as combinations among them, aiming to understand the flow of passengers in a subway of
Shanghai. For example, Figure 10 shows two layouts together, a map and a sector chart.
The map shows the subway stations with Xujiahui station as the departing point, and
from there a set of edges indicate the destination of the passengers. The edges colors, as

in a heatmap, indicate the volume of people that used the routes, in a range of two hours,
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from 7am to 9am, in April, 18th, 2017. The sector chart shows the subway lines that
were used and the proportion of their use. This work also proposes additional layouts,
as histograms, bubble and line charts, to better understand the flow in more than 300
stations in Shanghai. Considering the space-time nature of the data, this is an attractive
proposal, since the combination of a set of techniques can offer a broader view of the data,
in which the evolution of events can be directly associated with the locality in which it
happened, and the evolution in different localities can be compared. In the map, the main
destiny is depicted by the warmer colors and the sectors chart indicates which is the main

train line used.

Unitwise electricity production from gas in Germany in week 4 2017

Interlinks Energy Charts with the Map

Figure 11: Visualization of German power plants data.

Source: (RODRIGUES et al., 2017)

A study on the energy sector in Germany(RODRIGUES et al., 2017) also employs
layouts coordination. The system provides map visualizations to indicate the geolocation
of each power plant in Germany, and a ThemeRiver to show changes in consumption of
each type of energy over time, allowing to perform summarization and comparisons, as
shown in Figure 11. Some options can be selected in a side panel, than the power plants
selected are marked in the map and the ThemeRiver is generated. Due to the limited
number of colors, the authors use tooltips in order to not confuse the analysis. One of
the goals of this work is to make information about energy consumption clearer to the
population to increase their knowledge and incite them in changing attitude

In the United States of America, a visualization (GROEGER; GRABELL; COTTS,
2015) shows the mean of restitution to be payed to a worker per accident that results in
amputation of some body part for each state of the country. The visualization is basically
comprised of one entire body for each state and the body parts’ sizes are represented
proportionally to the rest of the body according to the restitution payed for each. Thus,
as shown in Figure 12, it is easy to find which state pays more, or which body part has
better compensation, but the visualization can lead us to many other questions, as “why
one state pays more than other?”, “is it because the state has better public policy or is it

related to the economic activities?”.
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Figure 12: Representation of the mean compensation payed by the loss of one arm in
the states of the USA.

Source: (GROEGER; GRABELL; COTTS, 2015)

2.3.2 Brazilian Federal Labor Prosecution Office and the ODSST

The Brazilian Federal Labor Prosecution Office(BFLPO) is an official government
agency which is responsible for supervising labor conditions in Brazil, and one of its
assignments is to inspect the conditions of health and safety at work. Each labor acci-
dent(LA) occurred in Brazil has its own Comunica¢do de Acidente de Trabalho (CAT),
or Labor Accident Communication (LAC), which is a document to describe the accident
in details, including date, time and locality where the accident occurred, among others.
From 2012 to 2018, a massive volume of data relative to LA was collected by the BFLPO
and made publicly available in spreadsheet formats'. We believe that an effective repre-
sentation of this data makes it more understandable to the population and helps domain
experts to make decisions that may prevent accidents in Brazilian localities. In this sense,

INFOVIS techniques represent a potential tool to provide this representation, creating in-

1 Only data from 2012 to 2017 are available to download at the moment of this work’s development.
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teractive layouts that better represent this data. The BFLPO provides a digital platform
named Observatorio Digital de Saide e Sequranca no Trabalho (ODSST)(Smartlab de
Trabalho Decente MPT - OIT, 2017), in which the LA data may be analyzed using a
set of basic charts, and simple maps visualizations with summarization of the types of
accident, type of local where they occur, role of the worker, economic sector, missing work

days, among other aspects.
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Figure 13: Bubble map of Brazil provided by ODSST. The bubbles indicate the local-
ization of a LA occurrence and the size of the bubbles indicates the amount
of missing work days due to the the accident.

Source: (Smartlab de Trabalho Decente MPT - OIT, 2017)

Some of the visual analysis tools provided by ODSST are presented as follow. Figure
13 shows the map of Brazil with bubbles that indicate the localities that reported LAs
and the size of these bubbles indicate the volume of LAs. Some filters can be used to
concentrate the analysis in specific geographical regions. Although maps are good visual
metaphors, in this case the use of bubbles may result in cluttering and impair the analysis.
In Figure 13, for example, the bubble representing the state of Sao Paulo overlaps many
others close localities, which makes harder the analysis of these areas. Another limitation

is to visually compare the size of the bubbles represented in the map, in order to compare
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Afastamentos (Auxillos-Doenga por Acidente do Trabalho - B91)
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10 lesbes mais frequentes 10 Setores Econdmicos com Despesa com Afastamentos (B91) Iniciades em Cada Ano
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Figure 14: Basic charts provided by ODSST. (a) The sector chart indicates the 10 more
frequent injuries and the 10 economic sectors with more reports of LA be-
tween 2012 to 2018, in Sao Paulo state. (b) The bar chart above indicates
the accumulated amount of missing work days by year due to injured em-
ployee removal. The chart below indicates the spent volume with expenses
arising from removals.

Source: (Smartlab de Trabalho Decente MPT - OIT, 2017)

different localities regarding the parameter under analysis.

Figure 14 shows simple sectors charts and bar charts with data from Sao Paulo state
between 2012 to 2018. In Figure 14-a it is possible to see in the sectors chart the ten most
frequent injuries registered in LACs. In Figure 14-b the bar chart shows the annual volume
of records of illness leave requests and the chart for the annual illness expenditure. The
charts only provide basic quantitative values, and it is hard to comprehend the reasons
that lead to the exposed results. It is also hard to relate the data shown by the two charts,
reinforcing the necessity of a more sophisticated interactive layouts for an effective analysis
and exploration. In this sense, it would be interesting to create and apply appropriated
visual metaphors that could better communicate the data, revealing more information

quickly.

2.4 Final Considerations

In this section we discussed INFOVIS as a suitable approach for governmental data

analysis and we focused on temporal data analysis, presenting works that use INFOVIS to
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show data from different private and public sectors of the society. The analysis of temporal
data is important to understand evolution. There are several different forms of visual
temporal data analysis presenting different concepts among the works we discussed, such
as Lin-spiration with overview and focus, context visualizations to help the interpretation
of the data, evolution in hierarchical structures and predictions, and timelines to show
events occurrences. However, the strategies of works focusing on visual temporal analysis
of governmental data are less sophisticated, and often provide simple charts, such as bar
charts, sector charts, line charts, etc., which impair the understanding of more complex
patterns.

We also presented the ODSST, a Brazilian platform for LA data analysis. But as
the other governmental data analysis systems, it also presents limitations related to the
capability of revealing complex patterns. No other works could be found concerning about
labor accident analysis. Our proposal aims to address this problem providing a strategy

that uses INFOVIS to create a temporal analysis tool.
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CHAPTER

Proposal and System

This research work proposes a strategy for temporal visual exploration and analysis of
labor accident data. We propose two visualizations for this analysis, named Dendrogram
Composition and Choropleth Composition, aiming to provide effective information
extraction in few steps, to be used both by domain experts and by the population. The
proposed visualizations were designed to attend the particularities of the data set provided
by the BFLPO, in order to highlight strategic visual patterns present in the data from
this repository. In this chapter we describe the data set and necessary pre-processing
tasks performed, the design decisions taken for each visualization and a developed system

for the proposal evaluation.

3.1 BFLPO’s Data Set

The BFLPO’s data set! is publicly provided by the BFLPO containing LA data
collected from 2012 to 2017. Each record stores information of one LAC, properly
anonymised. Since our analysis focus on the temporal data aspect, the simple existence
of a LAC with specified locality and date is enough to be considered as a valid entry, even
when the remaining attribute values were not properly informed. For this reason, only the
date and geographical attributes were considered. In order to improve the context giving
more precise information to the BFLPO’s data set, as well as to retrieve the complete
Brazilian hierarchical structure, the IBGE’s official territorial division was added to the
data, according to the information presented in Table 1, which considers the definition of
20162. With the complete hierarchy defined, for each year the amount of LACs for the
localities in all hierarchical levels were calculated and used to compose the visualizations.

The IBGE’s population estimations? for each city in Brazil, yearly measured from 2012
to 2017, were also used. As the BFLPO data set stores LA data related to each city only,

1
2

https://smartlab.mpt.mp.br

http://geoftp.ibge.gov.br/organizacao_do_ territorio/estrutura_ territorial/divisao_ territorial/2016/
https://www.ibge.gov.br /estatisticas/sociais/populacao/9103-estimativas-de-
populacao.html?edicao=17283&t=downloads
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Table 1: IBGE’s data set attributes description, with Brazil’s territorial division used
for geographical context.

# of

Categories

Geographical | Hierarchy

e . . Description
Division Level p

Division of Brazil’s states in groups based
Region 1 on similarities to help the interpretation 5
of statistics, without political autonomy.

Subdivisions of the country with political
State 2 autonomy but with some subordination to 27
the country’s government.

Subdivision of the states to help the
Mesoregion 3 interpretation of statistics, without 137
political autonomy.

Subdivision of the mesoregions to help
Microregion 4 the interpretation of statistics, without 5H4
political autonomy.

Administrative subdivision of the states
City 5 with political autonomy but subordinate 5570
to the power of the states and the country.

we sumarized the values to compute the information of higher hierarchical levels. We also
normalized the data considering the proportion of LACs to the population size in each
locality, for each year, in order to get more accurate information regarding the relationship
between population and LA occurrence, as well as the profile of specific localities in terms

of these information.

3.2 Design Considerations

The temporal and hierarchical geographical organization are the main aspects that the
proposed visualizations are intended to highlight. The temporal layouts are designed to
reveal the evolution of the LACs over time, such as anomalous behavior and seasonality,
among other situations. The geographical layouts aid the understanding of Brazil’s LA
profiles; and provide navigation of localities, context, and comparison considering the
locality’s particularities. Hierarchical layouts help to better characterize each locality in
Brazil, in order to provide more specific and detailed information about them, and also

to show how the lower hierarchical levels contribute to the superior levels’ profile.

The following subsections detail the chosen layouts and their contribution to the anal-
ysis strategy proposed by this research work. In the end of each subsection the resulting

visualization is presented. The details of the combinations is discussed in the section 3.3.
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3.2.1 Dendrogram Composition

The main idea of this visualization is to provide multi-level comparison. In this section
we describe the layouts that compound the first visualization, the Dendrogram Compo-
sition, which is the dendrogram combined with bar charts and radial glyphs. We also

describe and motivate the visual decisions, as well as necessary adaptations to the data.

3.2.1.1 Dendrogram

A dendrogram is a type of node-link diagram containing one root node, internal nodes
and leaf nodes. It differs from a tree because it displays all its leaf nodes aligned, which
allows the analysis of information associated with the leaf nodes in different hierarchical
levels.

Figure 15 shows an example of a dendrogram representing the geographic hierarchy of
Brazil. The nodes are displayed by circles which are filled in white when they are expanded
showing the subsequent hierarchy, or filled in blue when they are not. Interactions with
a node can display/hide the subsequent hierarchy, in this way, leaf-nodes can show any
hierarchical level. Thus, in this figure the branch with white filled nodes are displaying
all hierarchy levels: country(root) - region(1) - state(2) - mesoregion(3) - microregion(4)
- city(5), while the blue filled nodes are showing levels that can be expanded.

In our proposal, this layout was combined with summarization structures, that were
added to the leaf nodes, in order to aid the analysis of different hierarchy levels and the
comparison among them, as well as navigating through the localities, which is efficient to

keep track of the path during the data exploration.

3.2.1.2 Bar Charts

A bar chart is a quantitative graphic that represent different measured variables for
comparison, encoding values in its height or length. The creation of this layout is assigned
to Willian Playfer, in his Commercial and Political Atlas, from 1786(BENIGER; ROBYN,
1978). For this research work, we used bar charts combined to the dendrogram (see section
3.2.1.1), one bar chart associated with each leaf node. The bar charts encode a period of
one year, each bar encoding the amount of LAs registered in a single day, as can be seen
in Figure 16.

The scale of all the bar chart associated with the dendrogram’s nodes are normalized
by the scale of the root-node’s bar chart, Brasil, which summarizes the total amount of
LA in the entire country in a single selected year. The goal of the bar charts in our
strategy is to highlight the distribution variation of LAs over a year for all localities and
not to present precise data for analysis in place. Thus, the increase/decrease of LACs in
different localities can be promptly noticed and compared. Figure 17 show three aligned

bars charts of the distribution of LACs in different localities. In this figure, the size of
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Figure 15: Dendrogram showing Brazil’s geographical territorial division, in which the
nodes represent (1) region, (2) state, (3) mesoregion, (4) microregion, and
(5) city, all aligned.
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Figure 16: Bar chart showing the daily amount of LACs in the period of one year.

the bars does not differ too much but sequence of tall bars followed by short sequences
of small bars can be seen in all the three bar charts, suggesting periodicity on the LA

occurrence.
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Figure 17: Three different localities” Bar charts showing the distributions of LACs in a
single year. The alignment of bar charts favors behavior comparison among
them.

3.2.1.3 Radial Glyph

A glyph is a compact visual representation of a piece of data, small and independent,
in which the visual attributes of a graphical entity are dictated by one or more attributes
of a data record (WARD, 2008; BORGO et al., 2013). They are a type of visual sign that
differs from other types of signs such as icons, indices, and symbols, but that can make
use of such visual features.

Our strategy uses a radial glyph, which is a set of equiangular hidden axes, each
representing one attribute, and in each axis a point represents the specific attribute value
associated with a data record(CHAMBERS et al., 1998). Then, a line intercepts all axes
on each of these points, forming a geometric shape. In our case each axis refers to one
year, from 2012 to 2017, encoding the amount of LAs occurred in each locality in these

years. An example of a possible resulting hexagonal glyph can be seen in Figure 18.

2012
2017, 2013

2016 2014
2015

Figure 18: Clockwise arrangement of the glyph’s edges considering the years from 2012
to 2017. The lines create a geometric shape.

With this glyph one identifies the years that registered more/less LAs, if LACs in-
creased or decreased over the years, as well as meaningful differences in the occurrences
between the years, considering a specific locality. We used this layout in the same way
as the bar charts, associating it with each dendrogram’s leaf nodes. The resulting layout
allows quick identification of subtle variations in its shape over the years for a single lo-

cality and the comparison of the glyph’s shapes of different localities, as can be seen in
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Figure 19. A glyph has 6 axes, so homogeneous hexagons present well balanced values
over the years. On the other hand, abnormal and/or behavior differences are promptly

perceived by variations on the shapes of the glyphs.
1 2 3 4

Figure 19: Comparison strategy using radial glyphs. Glyph 2 quickly catches the atten-
tion due to its non-homogeneous shape. Glyphs 1, 3 and 4 are more homoge-
neous.

The combination of the associated layouts that compound the dendrogram composi-

tion visualization can be seen in Figure20.
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Figure 20: Dendrogram composition visualization: A dendrogram showing Brazil’s hi-
erarchy based on the territorial division, the bar charts of LACs in a single
year and glyphs with an overview of the amount of LACs in the six years.

3.2.2 Choropleth Composition

In this section we describe the layouts that compound the Choropleth Composition
visualization, which is a choropleth map combined with small multiples and heat maps.
We describe and motivate the visual decisions, as well as necessary adaptations to the
data.

3.2.2.1 Choropleth Map

A choropleth map is a thematic map divided in areas, in which the areas are col-
ored/shaded or filled according to a measurement, in a way to highlight an associated

characteristic. This representation first appeared in the beginning of the 19th century
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authored by Baron Pierre Charles Dupin, and might be the first statistical map in his-
tory(FRIENDLY, 2009). Figure 21 shows an example of Brazil’s choropleth map divided
in its states, encoding the proportion of LAs registered in a specific year. Choropleth maps
are adequate to represent proportions and the readily recognizable map format offers geo-
graphical context to the information contained therein, which is useful when dealing with
LACs, since each occurrence is associated with a specific locality. This visualization may
improve the understanding of LA occurrences distribution within the country, specially
when the distribution is not homogeneous. It also serves as an easy navigation tool for

the localities.

Figure 21: Choropleth map showing the proportion of LACs to the population size for
each Brazil’s state in the year 2012.

3.2.2.2 Small Multiples

Small multiples is a technique based on the repetition of charts that shows the combi-
nation of a set of variables indexed by another chosen variable, in which each chart shows
a different perspective of a data set, allowing comparisons, identification of patterns,
anomalies and evolution(TUFTE, 2001). Small multiples are normally used in temporal
contexts (FUCHS et al., 2013) to compare evolution, because the time attribute of a data
set is commonly used in the charts as a variable to index other attributes of the same
data set.

Figure 22 shows and example of small multiples depicting maps and using time to
index the percentage of out-of-wedlock births in France between 1990 and 2013. The
different orange shades in the map indicate the increase/decrease of this percentages. In
this figure it is possible to quickly identify the growth in out-of-wedlock births due to the

orange shades becoming darker over the years.
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Figure 22: Small multiples showing the evolution of the percentage of out-of-wedlock
births in France in a range of 14 years.

Source: https://public.tableau.com

In this research we are comparing the number of LACs in Brazil and our small multiples
also uses maps. The divisions represent the states of the country and the color reflect the
proportion of LACs to the population size in those areas. The main goal of this coloring
scheme is to provide an overview of the evolution, and at the same to guide the user to
find concentration areas, as the smallest modification in the distribution of the colors are
quickly noticed. Basically, the idea is not to provide data details, but to provide quick

perception and meaningful changes in multiple views of the same data.

3.2.2.3 Heat Map

Heat map is a visual representation in which an area is divided in regions and each
region is colored/shaded according to a measured value. Heat maps can be applied to

maps, matrices, geometric shapes, images, etc. When using a matrix the resulting layout
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is then called heat map table, organizing variable values in columns and rows, creating
a mosaic that highlights patterns. Figure 23 shows an example of a heat map table
encoding a summarization of the number of LACs per day over a year, in which the blue
shade is proportional to the associated value. The produced mosaic clearly shows more
concentration of dark shades in the first/lasts columns, indicating a greater occurrence of
LACs at the beginning and at the end of the year.

Year1 Months 12

31I

Figure 23: A heat map table showing the period of one year. The months are presented
as columns and the days as rows. Each cell present a different blue shade
according to the number of LACs in the corresponding day.

We propose a different organization for the heat map, named Stripes. In this layout
the days are displayed side-by-side and the years are vertically arranged, forming a mosaic
that allows direct comparison and understanding of the LACs evolution within a year and
yearly. An example of this heat map is shown in Figure 24, in which the patterns of dark
blue shades are horizontally concentrated in the beginning and in the end of the stripes,

and vertically, the concentrations are in the upmost stripes.
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Figure 24: A heat map displayed as stripes, with days presented side-by-side and years,
from 2012 to 2017, vertically arranged. The amount of LACs are presented
in different blue shades, with low values associated to light shades.

The combination of the associated layouts that compound the choropleth composition

visualization can be seen in Figure25.

3.2.3 Visualizations’ Structures

Our proposed strategy comprises two visualizations, the Dendrogram Composition and

the Choropleth Composition.The goal of the Dendrogram Composition visualization is to
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Figure 25: Choropleth composition visualization: A choropleth map presenting the
states of Brazil, small multiples of choropleth maps presenting a specific a
state of the country and two different representations of heat maps.

provide multi-level comparisons of the evolution of LACs in Brazil during a single year.
The goal of the Choropleth Composition visualization is to provide geographical context
and comparison of LACs evolution within a specific chosen locality in a range of years. The
strategy to develop both visualizations consists in the combination of largely employed
INFOVIS techniques in order take advantage of the different perspective they provide to
potentialize information extraction. Figures 26 and 27 shows the visualizations’ diagrams
of our strategy. The hard line boxes represent this visualization’s main structures for each
visualization. The dotted line boxes represent the INFOVIS techniques chosen to present
the aspects of the defined structures. Both the proposed structures and the INFOVIS
techniques were chosen to attend specific needs of the BFLPO’s data set, but the strategy
can be adapted to other types of data sets and problems that share similarities with the
LACs data set and can be presented as our defined structure. The elements described in
the dotted line boxes can be seen as modules that can be replaced for other INFOVIS
techniques in order to better adapt the strategy to other specific problem’s needs or even

to improve the results for the LAs problem.

3.3 System Description

In order to evaluate our proposed strategy, we developed a system that implements it
providing two visualizations to help the user to understand the data. The system allows
the user to interact with the visualizations in order to get different perspectives of the

data, navigating through Brazil’s territorial divisions, comparing and analyzing the local-
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Figure 26: Diagram of the Dendrogram Composition visualization. The structure in
this strategy is shown in hard line boxes, comprised of multi-level perspec-
tive structure and comparison structures for evolution analysis in a single
chosen year. The elements in the dotted line boxes shows the INFOVIS tech-
niques chosen to represent each structure. The user first interacts with the
multi-level structure(dendrogram), and through it she is able to interact
with the attached layouts.
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Figure 27: Diagram of the Choropleth Composition visualization. The structure in
this strategy is shown in hard line boxes, comprised of geographical context
structure and temporal comparison structures for evolution analysis. The
user first interacts with the geographical context structure then she is able
to interact with the attached layouts. The elements in the dotted line boxes
shows the INFOVIS techniques chosen to represent the each structure.

ities over the years, among other tasks. In this section we describe the two visualizations
that compose our system, the Dendrogram Composition and the Choropleth composition,
also the interactions for data exploration and the tools used for its implementation, in-
cluding programming languages and libraries, as well as how these tools were employed

to construct the visualizations.
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3.3.1 The Dendrogram Composition

The Dendrogram Composition is a combination of a dendrogram, bar charts and radial
glyphs. The resulting visualization is presented in Figure 28. Using the dendrogram it is
possible to navigate in Brazil’s geographical territorial division hierarchically. A click in
any dendrogram’s node show/hide the next/previous level, and for all current leaf nodes

shown, a bar chart and a glyph is associated.
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Figure 28: The resulting Dendrogram Composition visualization.(A) shows the dendro-
gram, showing the regions of Brazil in its first hierarchical level, the five re-
gions. (B) shows the bar charts aligned representing data from a single year.
(C) shows the glyphs aligned beside the bar charts. (D) shows a tooltip,
which is the result of the interaction with a glyph that shows the raw val-
ues encoded in each axes.

The bar charts present the period of one year, with the amount of LACs for each day
producing shapes corresponding to the evolution over the year. The height of the bars of
a node’s bar chart correspond to the summarization of the amount of LACs of all its sub-
levels in each respective day. Since all the bar charts follow the root node’s scale, Brasil,
lower levels tend to be smaller. For this reason, we added interactions that help the users
to scroll up/down over a node to change the considered scale for the correspondent bar
chart, increasing/decreasing the bars height. A middle-click reset the scale to the original
value. It is important to highlight that all the distribution’s proportion does not change.

An example of this interaction is presented in Figure 29.
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Figure 29: Scale changes over a node’s bar chart to highlight patterns. The two nodes
refer to the same locality, (1) presents the normal scale and (2) presents the
scale change.

The glyphs present the amount of LACs for six years, resulting in a geometric shape

that guide the exploration to specific years. These glyphs use their own scale and thus
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have the same size, with variations only in their shapes. Users can hover over the glyphs
to show a tooltip with the amount of LACs in each year. Figure 28D presents the tooltip
with the values associated with the Sudeste node.

The analysis of the bar charts and glyphs, guided by the dendrogram, help the user
to identify the specific localities that present more or less LA registered, to compare the
period of occurrences, to understand the distribution of LACs over a single year and over
a range of years, to identify anomalies, to understand the behavior of specific localities
and how lower levels in the hierarchy contributes to the patterns seen in the higher levels,

among other tasks.

3.3.2 The Choropleth Composition

The Choropleth Composition is a combination of a choropleth map with small multi-
ples presenting six choropleth maps, a set of six heat map tables and six heat map stripes.

The resulting visualization can be see in Figure 30.
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Figure 30: The resulting Choropleth Composition visualization. a dropdown menu
where a year, out of six, is selected to color the big Choropleth map. (B)
Brazil’s choropleth map divided in states and colored according to the spec-
ified year proportion of LACs to population size. (C) small multiples of six
choropleth maps of one selected state divided in its mesoregions also accord-
ing to the proportion. (D) six heat map tables each forming individual mo-
saics. (E) six heat map stripes that together form a mosaic in for a different
perspective.

A dropdown menu is used to select the year to be analyzed in the visualization. The
bigger choropleth map shows the proportion of LACs to the population size for each
Brazilian state in a chosen year. The blue shade is associated with the correspondent
value, in which light /dark shades of blue are associated with low/high values, respectively.

This map shows the distribution of LACs and also provide visual guidance for navigation.
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By clicking in a state of interest, the correspondent small multiples and heat maps are
shown.

The small multiples show six smaller maps of the selected state, one per each year.
These maps are divided in mesoregions, providing information about how each of them
contributes to the pattern observed in their state and in the in the bigger choropleth map.

By hovering on each region in any map, users are able to see the associated locality’s name,

s
t.‘ METROPOLITANA

DE BELO
HORIZONTE

as presented in Figure 31.

Figure 31: Hover over the mesoregion Metropolitana de Belo Horizonte in the state of
Minas Gerais.

We also use six heat map tables and stripes, one for each year, considering the amount
of LACs for each day. The heat map tables present the months in its columns and the
days in its rows, and the tables are shown side-by-side (see Figure 30D). The heat map
stripes present the days of an entire year side-by-side, and years vertically arranged (see
Figure 30E). The cells in both the heat map table and heat map stripes are shaded
according to the amount of LACs per day, where light /dark shades of blue are associated
with low/high values, respectively. The shades produce mosaics in which patterns can be
quickly perceived. Hovering on a cell shows the exact value encoded.

Analysis of the heat map tables provide comparisons within a year, for example to
verify in which month period the LACs are more frequent, and their behavior in different
months. The overall comparison of the tables can also provide quick understanding of
the evolution of LACs. The analysis of the heat map stripes aids the direct comparison
of days for all the six years in analysis, and also helps to understand the evolution of the
LACs, considering the period of occurrences.

The analysis of specific regions on the choropleth maps helps the identification of
localities with proportionally more/less LACs and can aid the understanding of the reasons
for such behavior. The analyses of the heat maps tables and stripes help the user to
understand the distribution of LACs over the year by the shade’s distribution in the

maps.

3.3.3 Implementation Details

We developed a web system for a temporal visual analysis of the data provided by the
BFLPO repository using a set of libraries and toolkits described in this section. Figure 32

shows the diagram of the system components as well as the communication among them.
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Figure 32: System overview.

R(R Core Team, 2018) is an important tool in the development of the visual web
system for LA data analysis. It is a statistical and programming language suitable to be
used in massive data because it provides many libraries to help the users to make sense of
their data. R is adequate to be used for computational processes using the large BFLPO
data set. Two important R libraries/packages used are Tidyverse( WICKHAM, 2017) and
Shiny(CHANG et al., 2017).

Tidyverse comprehends a variety of packages designed specifically for data science,
providing operations for data transformation, filtering, summarization, and organization.
We used it for LA data pre-processing and preparation, in order to produce the appropriate
data format used in each visualization, including saving the resulting data in R format
(.rds) to speed up the reading of them by the system.

The web system was developed using the Shiny package, both the front-end, the user
interface, and the back-end, the server. Shiny is a package to build interactive applications
from R and it is responsible for the communication and data exchange between server
and user interface. In the user interface, it is responsible for the design of the web page
and also for the addition of HTML, CSS and JavaScript elements, among other coding
languages, to be integrated within R. The server is responsible, among other functions,
to send the data computed in R to the functions or scripts that will use these data and
to keep the communication with such scripts.

JavaScript is a portable language which requires only a web browser to execute the
associated functionalities and the D3(BOSTOCK; OGIEVETSKY; HEER, 2011) is a
JavaScript library that provides a set of functions to aid the development of interactive
information visualization charts. D3 can read a data set or receive it from other integrated
applications, and then handle this data by binding it to Document Object Model(DOM) to
apply data-driven transformations. For this research work, D3 scripts were developed and
integrated with R, in a way that the user interface in R read and load the scripts, and the
server sends the specific data set to each script to generate the interactive visualizations.
GeoJSON(LUIZ, 2014) files with Brazil’s geographic information* were used in D3 scripts

4 https://github.com /fititnt /gis-dataset-brasil
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for map generation in the Choropleth Composition.
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CHAPTER

Analysis Results

This chapter presents the results of applying the proposed system in a temporal visual
analysis of labor accident data. The BELPO(Smartlab de Trabalho Decente MPT - OIT,
2017) provides a repository with LA data, daily collected from 2012 to 2017, with more
than 3 million anonymized LACs. The Geographical hierarchy used in the analysis is
the official Brazilian territorial division (see Table 1). The analysis procedure, interesting
patterns and events identified in each visualization are also discussed. We present the
analysis using the visualizations individually, as well as in combination, in order to ex-
plore their complementary capabilities. To understand and explain the patterns, trends
and/or anomalies found, we used the complete original data set provided by the BFLPO,

governmental websites and official external sources, such as national and local news.

4.1 Analysis Procedure: Strategy’s Evaluation

This section details the analysis procedure adopted to evaluate our strategy, which was
performed by visually analyzing/exploring the visualizations, identifying meaningful pat-
terns/situations, and exploring/explaining the possible reasons for the occurrences. We
combined the BFLPO’s and IBGE’s data sets and used subsets of this data, as described
in section 3.1, considering the attributes geography, date and proportion of LACs to pop-
ulation size, focusing on the main important aspect to this research work, the temporal
information, to generate the system’s visualizations.

The exploration process using the Dendrogram Composition can be performed in a free
way exploring elements that quickly catch the user’s attention. All the analysis we discuss
in this section started by first identifying global trends and patterns in the bar charts and
glyphs, then we proceeded going further in the hierarchy and repeating carefully this
analysis for all descendant levels. In deeper hierarchical levels, the bars tend to diminish
their size, which are occasioned by the distribution of the amounts of LACs of a level in
its sub-levels, so the rescaling interaction is often necessary.

The exploration process in the Choropleth Composition is completely based on the
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blue shades. A first step in the adopted analysis procedure for this visualization was to
determine the year to be analyzed, and them analyze Brazil’s map according to the blue
shades of it’s states, which measures a proportion of LACs to population size, in order
to find macro patterns. The second step was to analyze the states whose blue shade
most deviate to the others, which naturally catches the attention. When a state was
chosen, we analyzed the small multiples associated to the state in order to understand
the distributions of the LACs proportion over the state’s areas, and the heat maps in

order to understand the distributions over the years.

4.2 Dendrogram Composition

Figure 33 shows the bar charts of the number of LACs in all five Brazilian geographic
regions in 2012. A first overall analysis shows that the Sudeste region presents the highest
number of accidents, followed by the Sul region. Norte region presents the lowest rates
for this year. A significant difference among regions can be clearly perceived at a first
glance. However, the associated glyphs are very homogeneous, as can be seen in Figure 34,
which means that they keep a very similar hexagonal shape, still presenting a reduction
in number of LACs over time in all regions. These macro patterns, such as periodicity,
proportion, and size in the bar charts, and glyphs’ shapes and proportions, were first

verified in 2012, but can be seen occurring throughout the years.
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Figure 33: Bar charts of the five Brazilian geographic regions.

It is possible to investigate the causes for a node’s pattern occurrence by expanding
it. This expansion will reveal how a pattern is distributed further down in the hierarchy.
This analysis may reveal scenarios in which an event comes solely from a specific location

further down in the hierarchy, representing a localized event, or scenarios in which the
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Figure 34: Dendrogram regions’ glyphs. Higher hierarchical levels present glyphs with
similar shapes, close to a perfect hexagon, since they summarize the amount
of LACs of all its sub-levels. This homogeneity makes it harder to get mean-
ingful analysis about their LACs’ distribution.

event occurs in a distributed way among the sub-level nodes, representing a regional
phenomenon. This summarization is also present in the glyphs. Examples of theses
phenomena are described below.

When analyzing the Nordeste’s node in the year 2012, it is possible to notice that this
region’s bar chart presents two peaks, highlighted in Figure 35. When expanding this bar

chart, in Figure 36, one notice that the peaks are associated with Bahia state.
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Figure 35: Nordeste’s bar chart distribution in 2012, showing two high peaks. The first
relates to May 15th, and the second to May 25th.
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Figure 36: Bahia state’s bar chart distribution, with associated glyph, showing that the
two high peaks observed in Nordeste, in Figure 35, are associated to this
state.
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A further expansion reveals that these peaks are associated to two distinct mesore-
gions, Metropolitana de Salvador and Sul Baiano, shown in Figure 37. The first peak is
associated to the city of Salvador, in Metropolitana de Salvador mesoregion, and occurred
in May 15th, in which 159 employees from civil construction had an accident related to
food ingestion. It represents a localized event pattern that does not strongly influence the
glyph shape, because Salvador presents a high accident rate over the year. A smaller peak
could also be noticed in January 19th, when again 56 civil construction employees were
also involved in an accident related to food ingestion. The visualization promptly revealed
a situation that deserves a deeper investigation, in this case a single city registering high
number of LACs in specific days. The visualization can guide the analysts to directly
concentrate the analysis in strategic information. Thus, these events’ investigations can
be done by checking, in the BFLPO’s complete data set, the LACs’ information related
to the date and localities mentioned above, which can reveal if the accidents occurred in
the same company, or in similar working conditions, among other aspects. This analysis,

as well as its findings, is not straightforward to perform otherwise.

Figure 37: Expansion of Bahia state’s node showing its mesoregions’ bar charts. The
two high peaks observed in Bahia come from Metropolitana de Salvador
mesoregion and Sul Baiano mesoregion.
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0000000
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The second peak is associated to the city of Itamaraji, from the mesoregion Sul
Baiano, also seen in Figure 37, which registered 243 accidents in 2012, 208 only in May
25th, possibly due to a serious traffic accident, as reported by a local newspaper!. The
distribution of LACs in the city of [tamaraji produces a localized event pattern that is
reflected in the shape of the mesoregion’s glyph, with a sharp point for 2012, shown in
Figure 38.

Figure 38: The glyph of Itamaraji revealing a high peak in 2012.

L https://teixeirabahianews.blogspot.com/2012/05/tragedia-entre-itamaraju-e-teixeira-de.html
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Figure 39: Distribution of LACs in Alagoas state in 2012 showing a seasonal pattern
with higher bars in the beginning and end of the chart.

The analysis of the glyphs’ shapes also reveal interesting scenarios. Figure 39 shows
the scaled bar chart and the glyph associated with Alagoas state. The glyph presents one
sharp point, indicating 2012 with the higher number of LACs registered. Also in the glyph,
it is possible to notice a gradual reduction of occurrences, detailed on the tooltip. This
reduction was around 50.4% from 2012 to 2017, whereas the national average reduction
was 15%. When going downward in the hierarchy, it can be noticed that the shape of
the Alagoas’ glyph is primarily determined by a mesoregion named Leste Alagoano (see

Figure 40), which presents a very similar shape.
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Figure 40: Bar chart of Leste Alagoano. This mesoregion presents the pattern observed
in Alagoas state more pronounced than the other mesoregions in the state.
Its glyph also indicates reduction of LACs over the years.

Alagoas state’s bar chart was also investigated for all years, and the result is shown
in Figure 41.

An interesting seasonal pattern can be noticed, in which high rates are observed during
the beginning and end of the year, and repeated in every subsequent year, being strongly
determined by the Leste Alagoano mesoregion previously mentioned. As indicated by
the glyph, the pattern of the state is distributed among the microregions, suggesting a
regional event. Figure 42 shows the patterns of Alagoas state’s microregions in their bar
charts.

This behavior was noticed in no other states, only in a mesoregion named Mata Per-
nambucana, located in Pernambuco state. The dendrogram’s leaf nodes organization
facilitates the comparison between localities from different levels, enhancing the analysis
process. Figure 43 shows the comparison between Leste Alagoano and Mata Pernam-
bucana mesoregions, which are geographically adjacent. By deeper exploring the Mata
Pernambucana mesoregion, one can notice that the pattern is mostly determined by a
microregion named Mata Meridional Pernambucana, which is geographically adjacent to
Alagoas state. This geographical proximity may explain the similarity of the patterns

observed in these two localities.
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Figure 41: Alagoas state’s bar charts from 2012 to 2017. An increasing in the amount
of LACs in the begin/end of each year can be noticed.
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Figure 42: Leste Alagoano’s microregions analysis, with bar charts and associated
glyphs. At this level, it represents a regional event, since the behavior is ob-
served in all these microregions.

When analyzing the characteristics of these localities, guided by the information in
BFLPO’s complete data set, we verified that they strongly participate on the sugar cane
cultivation/processing, and most of the LACs occurred on raw sugar production activity.
The bar charts suggest an association between the accidents and the sugar cane culture
cycle. The number of accidents associated to the cultivation period are high only in
Pernambuco state. In the same period the LACs in Alagoas are associated with sugar cane
processing. The behavior in both localities are similar regarding raw sugar production.

The further one goes down in the hierarchy, the more distinguishable the glyphs tend
to be, because while the bars tend to diminish in size, the glyphs keep the proportion
throughout the levels and their shape tend to be more discernible. A specific situation
highlighted by the glyphs is associated to a microregion named Sao Miguel do Araguaia,
located in Goias state, Centro-Oeste region. It presented an inverse behavior when com-
pared to the rest of the same state and the entire country over the years, characterized by

an overall growth in the number of LACs. Figure 44 presents the glyph of this microregion
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Figure 43: Comparative Analysis of bar charts from Alagoas’ mesoregions and Mata
Pernambucana’s microregions. Similar patterns could be observed in two
different hierarchical levels: (A) in a mesoregion of Alagoas named Leste
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Alagoano, and (B) in a microregion of Pernambuco named Mata Meridional
Pernambucana.

and the associated tooltip with LA amounts showing a significant increase throughout the

years.

Sao Miguel do Araguaia
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Figure 44: Analysis of Sao Miguel do Araguaia’s associated glyph (A), and the respec-
tive absolute values (B).This microregion presented a growth in the number
of registered LACs.

A deeper investigation in the data set revealed that the accidents were related to the
two largest economic activities on this area, gold mining in the city of Crixas, and animal
slaughtering in the other cities of the microregion, which may suggest an improvement
in the inspections of work conditions, and so better report of LAs, but more probable, it
may be suggesting an overall decline in working conditions associated to these activities.
It is an example that illustrates how the visualizations may guide the authorities in the
investigation of uncommon situations regarding LACs occurrence patterns.

Another interesting pattern was observed in a glyph of the same region, but in the
Mato Grosso state, microregion of Norte Araguaia, city of Vila Rica. Figure 45 presents
the glyph and the tooltip associated with this city, revealing that the number of accidents
occurred in 2013 was five times larger than in the other years.

A number of 77 LACs out of 108, registered during 2013, are related to pecuary
activity, which is the main economic activity of this locality. One can expect, as a normal
behavior, such volume appearing throughout all the years, but this specific period may
evoke a deeper investigation by the authorities on the causes of this odd situation. A

possible explanation may suggest that the work conditions are not very well inspected in
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Figure 45: (A) shows the glyph associated with the city of Vila Rica and (B) shows its
associated values. The number of LACs registered in 2013 is significantly
bigger than in the other years.

this locality, and just for a single year, 2013, this inspections were more rigid.

The visualization also helps to compare geographically distant localities, in order to
investigate similar behaviors, common characteristics or to show contrasts. The city of
Ananindeua is located in the Norte region of Brazil, in Pard state, and a city named
Paranagua is located in the state of Paranda, in Sul region. These two far apart cities
are not directly related, but the visualization allows their comparison. Guided by their
similar glyphs, when analyzing their tooltips, for example, and their official populational

23 we could see that Ananindeua has a population size about three times bigger

estimation
than Paranagua, but registered about 35% less LACs. Figure 46 shows their associated

glyphs and tooltips with the amounts of LACs for each year.

(A) (B)
Ananindeua Paranagua
2012: 478 2012: 647

O 2013: 486 O 2013: 581
2014: 541 2014: 617
2015: 493
2016: 493

2015: 636
2016: 557

2017: 459 2017: 584

Figure 46: Comparative analysis of Ananindeua (A) and Paranagué (B) glyphs.
Ananindeua is three times bigger in population size than Paranagua, but
in Paranagud the amount of registered LACs are 35% bigger.

Small cities reporting a considerable number of LACs or big cities reporting few are
situations that deserve attention and a deeper investigation, since LAs may not being
properly reported. Tooltips may aid situations in which visible pattern get harder to be

perceived, providing useful summarizations.

https://cidades.ibge.gov.br/brasil/pa/ananindeua/panorama

3 https://cidades.ibge.gov.br /brasil /pr/paranagua/panorama
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4.3 Choropleth Composition

The first view is Brazil’s map colored according to the year 2012, which is the default
option of the system. Figure 47, presents the maps for all the years under analysis. One
can easily notice that the shades of the states in the south region are darker than in the
north part of the maps. It is also possible to see a reduction in the proportion of LACs

over the years due to the shades that became lighter, but keeping the pattern in all states.

2012 2013

2015 2016 2017
s

Figure 47: Brazil’s choropleth maps, showing the variation of blue shades from 2012 to
2017. The predominant pattern presents the states in the north of the map
in light blue shades, while the states in the south are in darker blue shades.

Figure 47 also shows that the state of Sdo Paulo clearly presents the highest proportion
of L As registered, represented by the darker shades in the maps over the years. A detailed

analysis of this state is shown in Figure 48.

Figure 48: Small multiples and heatmaps detailing the distribution of LACs in Sao
Paulo state from 2012 to 2017, revealing a very homogeneous behavior over
the whole range of years.

The associated choropleth small multiples layouts show that almost all the mesoregions
present dark hue values, becoming slightly lighter in subsequent years, suggesting that

better safety measures may have been taken. The heatmap stripes illustrate the accident
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occurrence behavior over the years, indicating a decrease in the number of LAs in the end
of December. This behavior may be associated to the fact that in this period employees
usually are on vacations, or in an break between Christmas and New Year. The accidents
are well distributed over the remaining periods of the year in this state, suggesting an
homogeneous behavior.

The same analysis were performed for Minas Gerais state, as shown in Figure 49.
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Figure 49: Small multiples and heatmaps detailing the distribution of LACs in Minas
Gerais state from 2012 to 2017. The second most populous state in Brazil is
not as homogeneous as Sao Paulo.

Although Minas Gerais is the second most populous Brazilian state (Sao Paulo is the
first), the layout presents significantly lighter shades than Sdo Paulo for all the years.
There is also no homogeneity in its associated mesoregions, which present less accidents
than Sao Paulo, except for a mesoregion named Tridngulo Mineiro/Alto Paranaiba.

It is expected, for each state, that mesoregions in which the correspondent capital city
is located to present the largest proportion of LACs, as they concentrate more compa-
nies and thus more employees. The visualization shows two mesoregions that concentrate
higher number of LACs. However, the mesoregion named Metropolitana de Belo Hor-
izonte, which contains the capital city of Minas Gerais state, Belo Horizonte, presents
lighter shades than the Tridngulo Mineiro/Alto Paranaiba mesoregion, as shown in Fig-
ure 50. Maybe this behavior is related to the fact that the largest city in this mesoregion,
Uberlandia, is a logistic center for the entire southern half of Brazil. This odd situa-
tion could be quickly addressed by the visualization using the small multiples maps, that

clearly pointed a scenario that was not expected as a normal behavior.
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Figure 50: Mesoregions of Minas Gerais state. Tridngulo Mineiro/Alto Paranaiba
mesoregion presents a darker shade of blue compared to Metropolitana de
Belo Horizonte, in which the capital city of the state is located.

The heatmap stripes also reveal another interesting pattern observed in Sao Paulo and
Minas Gerais states, which is the difference in the number of accidents when considering
workdays and weekends, reflected by the shades difference between these periods, forming
diagonal alternate lines. On the other hand, several states from Norte and Nordeste
regions present a more homogeneous pattern, presenting lighter shades. An example can
be seen in Figure 51 which shows Amazonas state, from Norte region. If one pays closer
attention to the heatmaps, it is possible to notice that the workdays/weekends patterns
are still there, but are harder to see due to the light shades. The absence of clear patterns
may suggest a low number of LACs registered in Norte and Nordeste regions. It is known
that these regions are the poorer regions in Brazil, and present many problems related
to decent work conditions and informal employment. Thus, in this case these patterns
also suggest a LACs’ under-reporting issue, and the the layouts are useful in revealing
situations that deserve a better attention by the government, regarding LA inspection

and reporting.

Amazonas state present a curious case. In this locality half of the cities are con-
centrated in one mesoregion, named Centro Amazonense, which is the only mesoregion
whose shades change more significantly over the years in the small multiples maps, as
can be seen in Figure 51. In 2016 and 2017 in this mesoregion, the blue shade became
lighter, while in the other mesoregions, one can see some light blue shades, suggesting an
increasing homogeneity in the state as a whole in the recent years. Figure 48 depicts the
values related to the Amazonas’ glyph in the Dendrograms Composition. In the glyph
of Amazonas state we can see that the number of LACs reduced over the years. It may
indicate an improvement in the inspection of work conditions, because in this situation
there was a reduction in the number of LACs, while the proportion in the state as a whole
became more homogeneous. The combination of Amazonas’ behavior analysis in both vi-
sualizations is an example of the how their combination can yield more understanding

over specific scenarios.



76 Chapter 4. Analysis Results

) ‘ ata e ata gt By gt Dy gt
¢ 4 Y centro
- : ) AMAZONENSE

. mam
I = :ll. o o2
[ = ] 5 ]
- o
" u
n .1 | - | l --
nEgs @8 u &8 l .
H.-l n o
e O S T
B = . ut
i . .
| ||
o o

I||III | IIIIII 1 II IIIII IIIIIIIII I¢IIII| |:|"||| III | il ||

Figure 51: Small multiples and heatmaps detailing the distribution of LACs in Ama-
zonas state from 2012 to 2017. The small maps shows that Centro Amazo-
nense mesoregion is responsible for the majority of LACs reports. The heat
maps shows the distribution of LACs for each day from 2012 to 2017, and
the workdays/weekends patterns can be better seen in the stripes forming
diagonal lines from top to bottom.

Amazonas
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Figure 52: (A) shows the glyph associated with Amazonas state and (B) shows its as-
sociated values. A significant reduction in the number of LACs could be ob-
served in this state both in the glyph, which presents a sharp point related
to 2012, and in the tooltip, that confirms this reduction over the years.

Another interesting pattern could be seen when analyzing Alagoas state’s heatmaps’
configuration, which shows an increase on the number of L As in the beginning/end of the

years, with a slight decrease in 2017, as shown in Figure 53.

This pattern was already noticed in the Dendrogram Composition analysis presented
in Section 4.2. However, the Choropleth Composition allowed the visual comparison
among all considered years at once, in which the heatmaps quickly reveal the recurrence

of this pattern. The small multiples layout also confirmed Leste Alagoano mesoregion as
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Figure 53: A detailed view of Alagoas state from 2012 to 2017 showing the peculiar
pattern of LACs in the beginning/end of each year. This pattern can be con-
firmed by analyzing both visualizations in our proposed system.

the one that most contributes to this behavior, presenting the highest proportion of LACs
registered in the state. This is another example that illustrates how the visualizations are
complementary in providing a detailed comprehension on events involving LAs, and how

they can be combined to enhance this analysis.

4.4 Final Considerations

In this chapter we presented the results obtained by using our system, which comprises
two visualizations: Dendrogram Composition and Choropleth Composition. Using the
visualizations we could identify patterns that recurrently occurred every year, as well
as odd situations related to specific days with high numbers of LACs, which suggests
collective accidents. However, we could also observe localities with an increase of LACs
during a single year in which the L As were well distributed all over the year. Furthermore,
we observed localities with high proportion of LACs, which demand the attention of the
authorities in order to help in reducing these numbers and to improve safety and security
at work, and finally we also identified areas that are possibly lacking government attention
and need inspection improvements. The system revealed patterns that would be difficult

to find otherwise, effectively guiding the investigation of the data set.
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CHAPTER

Conclusion

In this chapter we summarize the conclusions from this research project, outlining
the main contributions, limitations and directions for future research. We proposed a
visual strategy that combines a set of information visualization techniques to explore
and analyze the evolution of labor accidents occurrences over time in Brazil. We also
developed a computational system implementing this strategy, and performed experiments
to evaluate its ability in revealing strategic patterns to aid decision making.

Using the visualizations we were able to identify seasonal patterns, such as activities
regularly occurring in specific months every year, local /regional phenomena related to sin-
gle localities or extended to a broader area, which are often related to same economic activ-
ity, odd occurrence behaviors in specific periods, such as a considerable increase/decrease
of LACs in a specific period under analysis, similar distribution of accidents occurrences
among localities with different economic activities or geographically distant, it was also
possible to identify disparities among close localities with similar economic activities, pat-
terns closely related to specific dates, such as holidays and weekends, among other things.
The analysis of the layouts allowed the visualization of trends that would be difficult to
identify by looking at the original tabular data. Both visualizations also proved their
complementary capacity, one supporting some analysis made in the other.

The data used is publicly available and our strategy allows citizens to extract valuable
information from it, creating an effective communication channel between government
and population. The government can also benefit with this strategy, their specialists can
understand and explain the patterns faster than a layman, getting even more meaningful
information. It provides the comprehension of the labor situation in the localities and
over time, allowing the government to direct their attention to specific localities to verify
their work conditions and to promote a regular inspection. Moreover, it may provide
means to improve the current public polices and/or create new ones, or to compare the
current public polices in different localities and identify which is better to be applied to

localities with same profile.

After performing the detailed analysis presented in Chapter 4, we were able to identify
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some limitations in our proposed analysis strategy, as well as on the data itself. A crucial
limitation related to the LACs data is that it strongly depends on the employee, the
employer, or a supervisor to report the accident, and this process is very deficient, specially
in localities from the Norte and Nordeste regions, in the sense that several LACs contain
missing data, approximated data, or even no LAC is reported. This deficiency impacts on
the layouts, that may not reflect the real situation of a specific locality, regarding labor
accidents occurrence.

In our strategy, the Dendrogram Composition visualization does not allow the com-
parison of localities from different levels of the same hierarchy, such as a microregion
with its corresponding state. For these tasks, users must combine the dendrogram from
the first locality with the choropleth/small multiples from the Choropleth Composition
visualization. It is also not trivial to compare the bar charts from far apart localities
in the visual representation in the dendrogram. A reordering procedure of the nodes’
position may facilitate the investigation of additional patterns and help the identification
of groups of related localities, but finding the optimal order may not be trivial as well.
Moreover, for localities presenting few registered accidents, it is difficult to identify mean-
ingful patterns, and each accident may cause significant changes in the bar chart, which
may confuse the analysis for non-experts. In this case, our tool should get the attention of
the government’s experts to localities/areas that lack effective inspection and data collect.

To improve the results of this research work and to extract even more information from
this data, some possibilities could be explored as future work. We only considered the
hierarchical and temporal information, as well as the number of registered accidents, but
the LACs aggregate additional information that may be valuable to enhance the analysis.

Moreover, we suggest additional interaction techniques for the system, including:

(1 Bar charts scale change, in the Dendrogram Composition, to allow exploration in

specific periods;

(1 Exploration of other levels in the small multiples of the Choropleth Composition,

in order to understand patterns formation in different levels;

( Alignment of the heatmap stripes by weekdays, in order to improve the comparison

based on a different perspective in time organization;

0 Show percentages of increase/decrease in the number of LACs and population size

to improve proportion perception;

(1 Use a visual representation for the tooltip of the Dendrogram Composition to inform

the evolution throughout the years.

We also intend to perform a user study both with common users and with experts

from the Brazilian Federal Labor Prosecution Office. The experiment with common users
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may reveal whether the system is being able to communicate the information about LAs
to the population. The BFLPO’s expert are the users who can most benefit from this
analysis, experiment with them may help us to evaluate our strategy in terms of usability
and decision making capabilities. Their feedback on our strategy may also contribute to
the development of new functionalities directly guided by their specific needs.

The proposed strategy and the system were developed to attend the specific needs of
the BFLPO regarding LAs, but we noticed that our strategy may benefit the analysis of
other data repositorites that bear the same characteristics, helping the decision making

in different scenarios.
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