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Abstract

Sentiment analysis, or opinion mining, is an important task of natural language processing
(NLP) that extracts opinions, attitudes, and emotions from text. With the growth of digital
platforms like blogs and social networks, opinion mining has become a key tool for organi-
zations to understand public sentiment. In recent research, machine learning and lexicon-
based approaches have been applied to analyze sentiments. Our work specifically focuses
on national security, where sentiment analysis offers crucial insights into local opinions,
helping authorities gauge public mood. As part of our research, we developed the Pub-
lic Sensing about Police Platform, a prototype system designed to analyze emotions from
social networks. This system generates dashboards for law enforcement and security agen-
cies, providing actionable intelligence for public safety. Our findings show that “Hate” was
the most common emotion expressed in relation to police interventions, indicating wide-
spread unpopularity of these actions and a resulting sense of insecurity among the public.
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1 Introduction

In recent years we have been observing many cases of Police violence. The case that gener-
ated the most discussion on the Internet about the Police and their behavior was the case of
George Floyd [1]. Floyd was accused of using a fake 20 dollar bill by the store clerk whom
he was buying. After the Police was called, Floyd ended up dying during the approach
twenty minutes later [1]. Portugal has also witnessed several cases of violence, such as the
case in which several PSP(Public Security Police) agents engaged in assaults with some
teenagers at Cova da Moura, a district of the municipality of Amadora, in the commu-
nity of Aguas Livres [2]. Cases like this place Portugal at the top of Western European
countries with the highest number of Police violence, says lawyer Julia Kozma, head of
the Council of Europe’s Anti Torture Committee, delegation that visited Portugal in 2016
[3]. On social networks, the general public is able to voice their concerns about a vari-
ety of different topics, including controversial issues such as police violence and opinions
about police in general. One of the most used social networks, where we have several types
of opinions is Twitter (nowadays know as X), where one can collect various information
about different topics being discussed at the moment, from national to international [4].
Another social network that is used to discuss various topics, from daily things to politics,
is Reddit [5]. In this work, data was extracted from various social networks, such as Reddit
and Twitter. Four years of data was collected, from January 2018 to December 2021. With
this extracted data, Natural Language Processing (NLP) techniques were implemented and
the data was cleansed in order to categorize the text into emotions and split them into sub-
jects in order to obtain insight into the Portuguese perspective on the Police. Using this
information, a dashboard was made where data from the social networks mentioned above
was analyzed and conclusions were drawn.

1.1 Motivation

In recent years there have been several demonstrations of the public’s dis- content over
Police violence against citizens, especially Afro-descendants in many countries. Portugal
has followed the same pace as other countries and is also considered one of the European
countries where Afro-descendants and foreigners are most at risk of assault by the Police
[3].

The events mentioned in the previous paragraph were one of the reasons that led to this
work, as this topic has been discussed for several years. With the emotion analysis of the
sentiments of posts made on social networks, it can be used consciously and effectively
for decision making in public administration. The prototype that was built can help not
only in Social Awareness about violence, but it can be adapted for any situation, such as
the COVID-19 pandemic situation we are going through. By having this information at
hand, non-governmental and governmental institutions can support their decisions on cer-
tain issues. For example, this prototype can be used by the European Committee for the
Prevention of Torture in their report, which concludes that the authorities do not recognize
the problem of Police violence [6].
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1.2 Goals

This research work aims to learn about a certain perception of reality that may be used to

support police decisions. In order to achieve this, we looked at the timing and context of

the emotions and topics spoken during the course of the four years of data collected.
Talking into account this goals a subset of operational goals were establish:

1. What is the variation in sentiment polarity in, Hate, Happiness, and Aggressiveness
emotions, in the Portuguese social media about the Police in Portugal?

2. [Is it possible to create a relationship between the emotions, Hate, Happiness, and
Aggressiveness, expressed by the Portuguese with events that occurred on the day or
days of publication?

3. What are the main topics that are being talked about Police in social networks?

1.3 Outline of the paper

The format of this work, which has its goals and methodology explained, is divided into
seven sections, including the Introduction Section 1. It is arranged according to the follow-
ing structure:

e Section 2 - Gathers information on the events surrounding police violence in Portugal
and the usage of social media.

e Section 3 - Presents a thorough literature review on the state-of-the-art of social media-
based systems for gathering insights in the context of law enforcement, police, vio-
lence, and governance.

e Section 4 - Describe the Methodology used and its modification to adapt with the con-
text addressed in this paper to build the prototype. Provides all of the procedures used
to create the Public Sensing about Police Plat- form, from the modifications made to
the accepted technique through the knowledge extraction modeling.

e Section S - The results of the Public Sensing about Police Platform are presented in
this Section.

e Section 6 - Compares the findings of this study to those of other similar research. The
conclusions that the research generated are also provided in this Section and the Futures
work are presented.

2 Conceptual background

In this section, we address the police violence in Portugal, what the government has done
to prevent these situations and the impact on society. Then, we present how Social Net-
works are used to share public opinions, focusing on Twitter, Reddit and the topic of police
violence. And finally, related work on text mining and sentiment analysis applications and
how they were applied is discussed.
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2.1 Police violence in Portugal

Following the 11th visit of the European Committee for the Prevention of Torture (CPT)
in December 2019 which concludes that African descendants and immigrants are among
those who suffer most at the hands of the Police [6]. In the report, it was described that
allegations were again collected that a considerable number of detainees suffered ill-treat-
ment at the time of arrest as well as during the period that they spent in a police station [6,
7]. The alleged bad treatment mostly involved slaps, punches, and kicks to the body and/or
head. Sometimes, batons were also used to beat the people [7].

2.2 Social networks

Social networks offer different options, with various formats, ranging from simple text to
videos, for the dissemination of public opinions. Two of the most common are Twitter and
Reddit. Twitter is a micro-blogging website that allows users to exchange brief text, pho-
tos, and videos on a variety of topics [8]. Twitter is well-known as one of the largest social
media networks and generating great interest for Sentiment Analysis [9]. Today the access
to information without the Internet is almost impossible, because social networks allow
free access to various information [10]. Reddit, on the other hand allows users to share
texts, images or videos, that can be commented on and rated using the “Down Vote” sys-
tem, when you do not like the post or “Up Vote” if you like the post. On this platform you
have your content divided into what is called “Subreddits”, that are pages that have a spe-
cific topic where users discuss [11].

In Portugal, the most popular social networks in 2021 were YouTube and Facebook,
with 92.1% and 88.2% of the population between the ages of sixteen and sixty-four using
these platforms, respectively [12]. Although Twitter is very common among young people,
on this list it is in the 8" place with 38.4% and Reddit is in the 12% place with 17.2% [12].

Owing to the volume and diversity of information shared on social net- works, they have
proven to be effective sources for knowledge extraction. As an illustration, during the pan-
demic of the COVID-19 and because of the lack of information several people went to the
micro-blogs to know the pandemic situation in the world [13].

3 Literature review

This section presents an overview of the work already done and use the solutions found in
the literature reviewed for the topic described earlier in the introduction.

Based on the analysis made on Section 2.2 about social opinion on Social Network, it
was considered that information shared online can reflect people’s opinions on a certain
subject.

In order to answer the research questions posed on Section 1.2, an analysis of the exist-
ing literature on Topic and Sentiment Analysis in social net- works was performed. In
order to perform the analysis, an academic search of article using the PRISMA Methodol-
ogy was performed, using a combi- nation of key words, “directed sentiment analysis”,
“opinion mining”, “social feedback”, “social media”, “text mining”, “police”, “govern-

ment”, “state”, “law enforcement”, “violence”, found in the abstracts of these documents
in English and/or Portuguese. With these keywords we were able to find a total of 187
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articles, 170 from Scopus and 17 from Web of Science. After reviewing the abstracts and
full texts of the articles, all articles not within the scope and unrelated to the theme of our
research were excluded. Nevertheless, we have not found articles on opinion mining exclu-
sively about Police, but some articles were about the government and elections.

In the United States a study was done on the popularity about politicians and their par-
ties, focused on the politician Bernie Sanders. This study aimed to analyze the economic
reasons behind public sentiment. To address the research question, a popularity analysis
method was developed that considered ten economic dimensions using mixed methods. A
proprietary method was applied to a large number of Bernie Sanders’s Tweets in the US
in 2016 and 2017 to understand the reasons for his popularity. This article can help pol-
iticians, opinion analysts, knowledge discovery specialists, and social scientists to better
understand people’s perspectives [14].

Aside from this article, several similar articles were found that discuss the use of senti-
ment analysis to determine a politician’s popularity and also to predict elections, and all
came to the same conclusion that sentiment analysis techniques can bring several benefits
and predict elections, and with this in mind, the parties can create strategies based on the
results obtained in the analysis of various social networks, such as YouTube and Twitter
[14-19].

A topic that also drew a lot of attention in some of the articles was the focus on more
than one language. The article that brought the attention was the article that approached the
subject of Happiness, in which the objective was to calculate the Gross Happiness Index
of the European countries using Tweets in several languages, such as English, German,
Swedish, Turkish, Dutch, Italian, French and Spanish. After validation of the algorithm
results with convergence analysis and face validity, the reliability of the data was verified.
The result, obtained lead to the conclusion that under extraordinary circumstances (espe-
cially for negative dates), the concept of “European citizenship” still exists. Furthermore,
the tendency of negative sentiment in all of the nations it has travelled through during the
previous six years [20].

4 Platform for public sensing about the police

The prototype elaborated for this work only takes into account the Portuguese environ-
ment, but all the steps elaborated can be replicated for any country or situation. Therefore,
the demonstration of this prototype is evaluated in Portugal but can be applied into other
contexts.

4.1 Methodology

The development of the prototype followed the CRISP-DM model, which consists of six
steps: Business Understanding, Data Understanding, Data Preparation, Modeling, Evalu-
ation, and Deployment. This model was chosen because of its ability to be adapted to any
business context, in our case, Police Violence, but it is suitable for Text Mining in general.
Because this methodology is so flexible, an adaptation has been made (rep- resented on
the right side of Fig. 1) so that each step done in this work is represented in the model [21].
In this sense, the adaptation of CRISP-DM served as a guide for developing the prototype:
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; Problem Information
Business Data e 2
; - understanding source selection
understanding understanding
Data
preparation Recommendations Data extraction
and
preparation
Deployment Modeling Evaluation
Modeling for
Evaluation knowledge extraction

Fig. 1 CRISP-DM (left side) and proposed methodology (right side)

1. In the problem understanding phase, the situation of police violence in Portugal was
analyzed. In general, the arguments about the Portuguese police and the protests were
looked at;

2. Before starting data collection and processing, the main sources of information were
identified. This step was one of the changes made to the CRISP-DM model;

3. Inthe next phase, Data Extraction and Preparation, as the name suggests, the data from
the sources identified in the previous phase was extracted and processed. An automatic
extraction method was created, limiting the results by key words and date limits. Also in
this phase, the data is treated and cleaned so that the final result is of high quality. The
final objective of this phase is that, after the preprocessing, the information obtained is
interpreted by the tools that were used;

4. Inthe Modeling for Knowledge Extraction phase, text mining tools are applied, both for
topic detection and sentiment analysis;

5. Inthe evaluation phase, the results obtained are analyzed to ensure that the model meets
the objectives set. In this case, data visualization plays an important role;

6. Finally, in the last phase, recommendations, based on the results obtained in the evalua-
tion phase, a recommendation is made according to the data. This phase was considered
to be in the future.

4.2 Problem understanding

The objective of this section is to understand how the public sees the police and why peo-
ple are upset on social media, which is the main focus of the analysis. In Portugal, Police
violence is a topic that is much discussed, and Portugal is one of the European countries
where several conflicts between the Police and the Citizen happen, being considered a
country where foreigners and Afro-descendants suffer more from this violence [3]. Even
after the 11th visit in December 2019 of the Council of Europe’s Anti-Torture Committee,
the Portuguese government continues to deny the facts presented by the Committee [6].
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4.3 Information source selection

After gathering information about what is going on with the public’s opinion of the Police
and news involving the police and citizens, the sources of the information were identified.

To achieve a good analysis, it is necessary that the data obtained reflect the opinion of
the Portuguese about the theme that this paper is studying. The data collected should be
large enough to be able to apply text mining techniques. In this case, social media was
used, so we were able to obtain data with a wide range of diversity in addition to a large
volume of data. To obtain the greatest diversity of opinions, concerns, and interests, two of
the most used networks were selected.

Twitter Is a micro blogging application where you can write out short, text-base post of
280 character or less [22]. On of the main characteristics of this blog is the use of hashtags,
used most frequently to identify the theme of the tweet.

Reddit Is a community driven stage for submitting, commenting, and rating link and con-
tent post. Within the past few years Reddit has developed exponentially, from a little com-
munity of users into one of the biggest online communities on the Internet. Individuals
who need to connect Reddit com- munity classify themselves as “Redditors” a combination
of “Reddit” and “editors”. To distribute a post on this stage, it is essential to select the sub-
ject, a “Subreddit”, with which you need the post to be related [23].

4.4 Data extraction and preparation

This section explains the steps used to extract the data from the sources and to pre-
pare the data for further modeling and knowledge extraction. First the search terms
were identified, then the information is collected and described, finally the data is
standardized.

4.4.1 Search terms

In order to get a representative collection of public opinion with respect to the Police in
Portugal, according to the Section 4.1, the search terms to be applied in the two informa-
tion sources recognized in Section 4.3 were characterized. According to the Police context
in Portugal, a set of terms was developed for a search of the potential sources of informa-
tion available online. The chosen criteria focused on the words which were most associated
with the theme:

policia (police);

violéncia policial (police violence);

PSP;

Policia de Seguranga Pu blica (Public Safety Police);
Agente PSP (PSP Officer);

b “ofia (cops).
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Twitter This social media allows the collection of information about its users, such as
location, history of published Tweets, and their date of publication. The fact that there is
a Twitter API that allows for unique and advanced programmatic access to Twitter. Use
Twitter’s main features such as Tweets, Direct Messages, Spaces, Lists, users, location and
more.

Reddit There is also an api for extricating information from this social net- work, but
although it is possible to get to the complete history of content, in this case it is not possi-
ble to identify the location of its users. One important aspect of utilizing Reddit as a source
of information is the reality that its sub- stance is sorted out by topics, Subreddits, in our
case we selected the Subreddit “r/Portugal”.

4.4.2 Information source understanding

In this section we present a brief characterization of the data extracted from the two sources
we used. It also mentions the main components of the post from each source.

Twitter is a tweet, a message published on Twitter, can contain 280 characters maximum.
In addition to the text, other relevant information, as you can see in Fig. 2, can be taken
from a tweet, such as images, URLSs, or videos. The number of likes or ReTweets(RT), for
example, can also be interesting analytical indicators.

1. Profile name: Name of the person or entity published the tweet;
2. Comment: Place were anyone (allowed) can comment on the tweet;
3. Retweet: Consists in sharing another person’s tweet;

PSP - Policia de Seguranca Pu...

A , huma parceria com a A 86-SA-a
Vexa e com a fivehundred, no ambito do “projectO ghOst", caracterizaram
um BMW i8, que faz agora parte dos nossos meios operacionais.

T 1:09 338 visualizagoes

Fig.2 Fundamental components of tweet
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¥ i/portugal

Greve - Perturbacoes na
circulacao-3a30de
junho

Fig. 3 Fundamental components of Reddit post

4. Likes: Allows anyone to show the author of the post that they like the content;

5. Hashtag: It is the symbol “#” followed by normally a single word or phrase and without
spaces. It is commonly used to organize discussions and make it easier to locate all the
Tweets related to that topic;

6. Mention: It aims to capture the attention of the person on entity mention on the tweet.
It used usually in questions, acknowledgments or just to highlight certain content.
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Tweets

#Of tweets

Fig.4 Data extracted over time from Twitter

Reddit Post

#of Post

Fig.5 Data extracted over time from Reddit

In comparison to what happens on Twitter, a Reddit user may provide more detailed
information about the shared post. A post on this social media, rep- resented in Fig. 3, may
aggregate several contents, which may be evaluated by other users of the platform.

1. Votes: Vote count, where an up-vote equals 1 and a down-vote equals -1.;
Comment: Place were anyone can comment on the post;

3. Awards: Awards are awarded for posts that users like, these rewards can be earned by
purchasing coins called Reddit coins;

4. Share: Allow anyone to share the post to other Subreddits or platforms;

5. Subreddit: Name of the Subreddit where the post was published. Typically the Subreddit
is representative of the bigger topic the post is about;

6. Profile Name: Name of the person or entity that published the post in question.

4.4.3 Data statistics

After extracting the data from all the sources, Reddit and Twitter, in the indicated period
and with the key terms already mentioned, it was possible to extract some statistical
information.

In Figs. 4 and 5, it is possible to find data extracted over time, a total of 12,642 Tweets
and 16,857 Reddit post. The amount of data extracted from Reddit stands out when com-
pared to the number of Tweets extracted. As previously mentioned, the analysis was carried
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Table 1 Time period distribution

Period Twitter Twitter Users Reddit
2018 2,355 1,306 2,037
2019 3,019 1,531 3,000
2020 4,768 2,041 5,864
2021 2,500 1,188 5,956

out in during four years for the two sources (2018 to 2021). Table 1 allows us to better
understand the amount of data associate to each year and Social Media.

4.4.4 Data preparation

In this section, we describe how the data was prepared in order to be provided to the text
mining and natural language processing tools.

After the necessary steps that were taken to clean and standardize the data, in order
to obtain better results on the analysis, the text data was tokenized. This process allows
a sequence of character to be converted into a sequence of tokens, in general, separating
words and punctuation.

Taking this into account, the following task were carried out as part of data
transformation:

1. Date format—This transformation was applied to the date field, because the two
sources, Twitter and Reddit, present the date in different formats. So, in addition to
having excluded the information relative to the time, the data format was standardized
to the yyyy/mm/dd format.

2. Lower case standardization—In order for the data to have the same representation,
the data was transformed so that all the characters of all the words could be lower case.

3. Elimination of links—This step was taken in order to remove any links that normally
are present in social media text that do not bring any relevant information for future
analysis.

4. Elimination of mentions—This transformation was applied to remove any mentions
present on the text. The characters “@” for Twitter and “r/” for Reddit were removed
with the aim of decreasing the noise that this characters can cause.

5. Elimination of words with insufficient information—It is essential that text fields
have sufficient words that enrich our analysis. For this reason words with less than
three characters and characters that have several of the same letters, for example the
word “kkkkk’, were removed.

6. Elimination of duplicate words—This step was taken in order to avoid considering
repeated data in the analysis that might bias the future analysis, so repeated words were
removed.

7. Convert emoji into text—In order to get the most information the emojis present on
the text were converted to text. To do so, the library emoji [24] for Python was used.

8. Stop-words removal—For data normalization, Portuguese stop-words were removed
from the text. To do so, the package nltk [25] for Python was used.

9. Number deletion—Although numbers can be representative of relevant information
for analysis, text mining tools focus on textual analysis and therefore perform better if
we eliminate the numbers from the text.
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Before the transformation
‘"Se for preciso é por a Policia a ir buscar votos a casa" hehehehehe e a nocdo deste deputado? https://t

After the transformation

‘precisar policia buscar votos casa hehehehehe nocdo deste deputado’

Fig.6 Tweets transformations

Before the transformation
'Se ndo fosse um "jovem" a bofia dava-lhe um tiro nos cornos e acabou.\nComo é um "jovem" dos NNB nada lhe acontece porque a ac
ontecer teria resposta.\n’

After the transformation

‘jovem béfia davalhe tiro cornos acabar nada acontecer porque acontecer resposta’

Fig. 7 Reddit post transformations

10. Punctuation removal—The punctuation was eliminate with the aim of increasing the
quality of the analysis.

11. Lemmatization—Finally, lematization was applied to the text to trans- form the words
in to their dictionary entry form. To do so, the library Spacy [26] for Python was used.

In Figs. 6 and 7 we can see how this transformations that were applied worked on the
text from Twitter and Reddit.

4.5 Modeling for knowledge extraction

Knowledge Extraction involved performing two data treatments. The first on was, “Topic
Modeling”, describe in Section 4.5.1. In this Section we describe the process to identify the
topics associated with the tweets and Reddit post. To perform these actions, we used tools
based on statistical models, by identifying the words present in each post and grouping the
data into clusters. With the topics created, the second treatment was then applied, “Emo-
tion Analysis” in Section 4.5.2, where we identify the presence of the emotions aggressive-
ness, hate and happiness in the text.

4.5.1 Topic modeling

To carry out the topic modeling, was used the modeling technique BERTopic [27], a topic
model that extends this method by extracting coherent topic representation using a class-
based variant of TF-IDF [28]. BERTopic produces document embeddings using pre-
trained transformer-based language models, clusters these embeddings, and generates topic
representations using the class-based TF-IDF technique. BERTopic generates topics that
make sense and remains competitive in a number of benchmarks that employ both classic
models and newer clustering-based topic modeling approaches [27].

In order to apply this technique, it was necessary to give the method some param-
eters. First we specify the embedding model, the model paraphrase— multilin-
gual-MiniLM-L12—-v2 [29], this is a sentence-transformer model that translates sentences
and paragraphs to a 384-dimensional dense vector space and may be used for applications
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such as clustering or semantic search. It supports more than 50 languages, including Portu-
guese [29].

The next parameter was the number of topics, which the author of this technique
recommends that be set to “auto”. For example, if your topic model can produces 100
topics but you have set nr topic to 20, the topic model will try to reduce the number
of topics from 100 to 20, so the best parameter is to use the option auto to automati-
cally reduce topics using HDBSCAN [27], based on this recommendation, we decided
to keep this parameter as “auto”. After selecting the correct parameter for the number
of topic we want to get the max number of words for our topics, top n words, the author
recommends that we keep this parameter between 10 and 20, in order to get the best
result. After several experiment, it was considered the value 10 was the most appropri-
ated for our work [27].

The next step was to select the min topic size, it is an important parameter because, it
is utilized to indicate what the minimum size of a topic can be. The lower this value, the
more topics are created. If you set this number too high, it is conceivable that no topics
will be created at all. If you set this number too low, you will get a lot of smaller scale
clusters. It is recommended that you experiment with this value depending on the size
of your dataset [27].

CountVectorizer convert a collection of text documents to a matrix of token counts
[30], is used to generate the topic representation is referred to by the n gram range
parameter. It has to do with the quantity of words required in your topic representation.
For example, “New” and “York™ are two independent words but are commonly used as
“New York,” representing an n gram of 2. As a result, the n gram range should be set to
(1, 2) if you want New York in your subject representation. Our parameter was set to (1,
3) to get a more range of words.

Table2 Twitter Topics and most occurred words

Top Words

Topic Name

0 police do may call

1 cop do want to do

2 police police brazil portuguesar

3 racism racist white black

4 car police parking cars

5 video police filming photos

6 stadium sporting football adepts

7 smoking drugs bopia

8 training academy lourishing athletes

9 maritime maritime police

10 firefighter fire police firefighter police
11 manifestation manifestation against protesters
12 twitter tweet facebook police twitter

13 school police teacher

14 never nobody police

15 minister government country leave trust
16 run police run

17 woman police aggress

Call the police

Police Action
Portuguese Police
Racism

Transito

Police Videos

Football

Drugs

Athletes

Maritime Police
Firefighters
Demonstrations

Police in social networks
Police in Schools

Police Action

Politica

Fleeing from Police
Violence Against Women
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Table 3 Reddit topics and most
occurred words

Top Words

Topic Name

0 police power to do

1 police call police do

2 police car park

3 military military may do

4 police can do why

5 police can do why

6 racism racist police black

7 home noise make neighbor

8 police judge court may

9 police drug smoking cannabis

10 police never do anything

11 woman domestic violence

12 dogs animal power

13 mask wearing mask wearing people
14 beach marine police

15 police complaint police

16 weapon disparate munitions

17 manifestation police pacific protests
18 police mobile power smartphone
19 money store checkout bank

20 fire fighters police fire fighters
21 china police kong

22 vaccine virus vaccinate

23 doc doctor get people

Police Action
Police Action
Transito

Army

Abuse of Authority
Police Recording
Racism

Noise pollution
Courts

Drugs

Lack of action
Domestic Violence
Animals

Use of Mask
Maritime Police
Police Complaints
Weapons
Demonstrations
Electronic

Lodge Complaints
Firefighters

Police in Hong Kong
Vaccines

Civil Servant

After selecting the optimal parameters for the topics and with a runtime of approxi-
mately three minutes, the following results were achieved for Twitter (Table 2) and Red-

dit (Table 3).

4.5.2 Emotion analysis

After the identification of the topics on each social media platform, Twitter and Red-
dit, between 2018 and 2021, the emotions associated with each post and tweet were
determined.

To obtain this information, a Lexicon called EMOTAIX PT [31] was used, which is a
data base of 3,983 emotional words (nouns, verbs, adjectives, and adverbs) in European
Portuguese based on the original EMOTAIX in French. This Lexicon was used due the fact
that is adapted for text in Portuguese and because it focused on various Emotions that can
be expressed in social media. Before identifying the emotions, the first thing that was done
was group all the words related to the selected emotions: “Aggressiveness”, “Happiness”
and “Hate”. In other words, was created three groups: one for “Aggressiveness” words,
another for “Happiness” words and finally one for “Hate”. And using the Sentence Trans-
former [paraphrase-multilingual-MiniLM-L12-v2 ] [29], this model was selected because
it can be applied in multiple languages (+50), including Portuguese. With this in mind, we
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Tweets Top 5 Over Time 2018 to 2021

Fig.8 Top Five topic evolution on Twitter

calculated the sentence Embed- ding for our three groups. The same process to get the sen-
tence Embedding was applied to the Twitter and Reddit posts. With the embedding from
our three groups and the Tweets and Reddit, we calculated the similarity of the Tweets and
Reddit posts with the groups using the util.cos sim function, a Sentence Transform func-
tion that computes the cosine similarity. At the end of this process, we obtain the scores for
“Aggressiveness”, “Happiness” and “Hate” for each Tweets and Reddit posts.

After obtaining all the emotion score for the Tweets and Reddit Post, the results shows
an average score for “Aggressiveness” is 0.33, for “Happiness” is 0.19 and finally for
“Hate” is 0.39. All the score were achieved with a runtime of approximately 5 minutes.

5 Dashboards of platform for public sensing about the police

This section compiles several visualizations of the Platform for Public Sensing about the
Police, as well as the conclusions that may be made from them, based on the data acquired
in Section 4.5.

The final Dashboard has nine sheets. The first one shows an overview of the data
acquired in Twitter and Reddit between the four year period (2018-2021). The second
and third sheets show a breakdown of the tweet and Reddit post and their topics. On the
fourth and fifth page we have the distribution of the Tweets by Region, Municipality and
by District. The sixth has an overview of the Topics and Emotions form Twitter and Red-
dit. Finally, the last three pages present a analysis on the Emotions for the two sources
used, Twitter and Reddit. With these dashboards we can perform the pretended analysis
and evaluation.

5.1 Visualization dashboards

Even though the study included four time periods, we believe it is important to examine
how the major subjects have changed through time in each of the sources analyzed. This is
present in Fig. 8 and 9.

“Police Action” and “Traffic” are the main topics that are addressed in the two sources.
On Twitter, the Topic “Call The Police” stands out from the other topics. It is also worth
mentioning that three of the five topics, “Police Action”, “Call The Police” and “Racism”,
on Twitter reached their peak almost at the same time, around April 2020 and July 2020.
On Reddit we have our biggest peak of posts about a topic, “Police Action”.
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Reddit Top 5 Over Time 2018 to 2021

#ofPosts

Fig.9 Top Five topic evolution on Reddit

Seeing the two trend chart side by side you can notice that most of the peak of each
year happens almost at the same time on Twitter and Reddit. The peak that happens from
December to February each year is caused by the holiday season, when you’re going to
have more tourists and more police on the streets and more chances to have a conflict
between the police and the people. The same thing happens between March and Septem-
ber, which is the transition from spring to summer. The cause is the same: more police on
the streets, more people, such as students on summer break, and tourists, which can lead to
conflict. The peak in the number of Tweets and Reddit posts happened between May 2020
and September 2020, which was the first summer in Portugal during the pandemic, so there
were more people at home on social media and more police on the streets to enforce the
social distancing measures imposed by the government at the time.

5.2 Results

The data gathered from January 2018 to December 2021 was broken into smaller eight
periods based on the events that had the greatest influence on the four-year interval in the
context of Police Violence.

First we analyze on the context before the COVID-19 outbreak, next we tested with
during the first Emergency State. After this to evaluation we tested using situation that
occurred during the four year time frame, such as, conflicts in Police-monitored neighbor-
hoods, everyday Situations, unexpected events, police action, police behavior and relation-
ship with foreigners.

5.3 Time frames

The first time span corresponds to data between January 1st, 2018, and December 31st,
2019, the period before the COVID-19 pandemic started. Between January 20th, 2019, and
the following two weeks, during which PSP agents clashed with residents in the Jamaica
neighborhood which corresponds to the second time span.

The third time span corresponds to January 19, 2020, there was an incident involving
the assault of a bus passenger by a PSP agent in Amadora city. Following this, from March
18" to May 2", 2020, on our fourth time span, the first Emergency State was declared,
leading to a mandatory lockdown and restriction of movement on public roads.

On March 30", 2020, the death of a Ukrainian citizen occurred at Humberto Delgado
Airport at the hands of the Foreigners and Borders Service marking our fifth time span.
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Sentiment Polarity

040

Fig. 10 Emotions trends

Moving into 2021, on April 17™, our sixth time span, a PSP agent intimidated a young

Table 4 Topics and their Emotions (before COVID19)

Social Media  Topics #of Post # of Retweets/ Avg Happiness Avg Avg Hate

Reddit Score Aggres-
siveness

Call the police 979 14832 0.19 0.36 0.41

Twitter Police Action 820 461 0.32 0.30 0.32

Portuguese Police 305 3349 0.19 0.30 0.34

Police Action 884 3361 0.21 0.33 0.40

Reddit Traffic 412 1664 0.14 0.25 0.35

Army 291 1118 0.25 0.29 0.33

black man at the Santa Catarina viewpoint. Just a few days later, on April 20, 2021, a PSP
agent forcibly interrupted the filming of a raid in the Bela Vista neighborhood, marking our
seventh time span. Finally, in our last time span, on May 6™, 2021, an African migrant was
the victim of physical and verbal aggression.

5.3.1 Before COVID19 outbreak

In this first analysis, the time frame between January 1" 2018 and December 31%, 2019
was analyzed. In this interval we were able to capture the emotions of the Internet users
before the COVID-19 outbreak. The emotion for the Police during this time was tending
more to a Hate emotion with an average score of 0.38, for Aggressiveness it was an average
score of 0.32 and for last, the people were not happy with the Police with a emotion score
of 0.19. On Twitter and Reddit the common emotion was Hate with 0.36 and 0.40 respec-
tively. On the Fig. 10 we can see the emotion trending from 2018 until 2019.

Alongside these emotions we have the topics that were trending on those years. The Top
three topics on Twitter were “Call the Police”, “Police Action”, and ‘“Portuguese Police”,
and for Reddit the Top three topics were ‘“Police Action”, “Traffic”’, and “Army”. On
Table 4 you can see the emotion score for each topic.
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Sentiment Polarity

Fig. 11 Emotions trends during the first emergency state

5.3.2 During the first Emergency State

Table 5 Topics and their Emotions (after COVID19)

Social Media Topics #of Post # of Retweets/ Avg Happiness Avg Avg Hate

Reddit Score Aggres-
siveness

Call the police 1383 1362 0.18 0.38 0.42

Twitter Police Action 1119 6540 0.31 0.29 0.32

Portuguese Police 380 34708 0.20 0.32 0.37

Police Action 2097 8062 0.21 0.34 0.41

Reddit Traffic 705 3308 0.15 0.26 0.35

Abuse of Authority 652 2129 0.16 0.37 0.45

After the first Emergency State was implemented, the first required curfew started, from
March 18" to May 2™. These curfews include mandatory lock- down and restriction of
movement on public roads. With Police enforcing these rules to the citizens, emotions
start to change. During this time the emotions were tending to Hate with an average
score of 0.39 following by Aggressiveness with an average score of 0.33 and finally
the people were not happy with what was happening with an average score of 0.20. On
Fig. 11 we can see the trend for the emotions between March and May.

On Twitter the predominate emotion was Hate, with an average polarity of 0.38, fol-
lowed by Aggressiveness with an average of 0.33 and last was Happiness with an aver-
age of 0.21. And on Reddit we have the same predominate emotion, Hate, with a aver-
age polarity of 0.40, Aggressiveness with an average of 0.32 and Happiness with an
average of 0.18. With these values we can conclude that the Portuguese citizens were
not happy about the lockdown and the Police action.

During this two year of pandemic the most commented topics on Twitter were “Call
The Police”, “Police Action” and “Portuguese Police”. And on Reddit were the topics
“Police Action”, “Traffic” and “Abuse of Authority”.
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Table 6 Topics and their emotions (PSP Agents VS Residents)

Social Media Topics #of Post # of Likes # of Avg Happi-  Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Call the 50 23 56 0.17 0.40 0.45
Police
Twitter Police action 43 34 136 0.33 0.32 0.34
Racism 34 50 82 0.13 0.37 0.45
Racism 54 - 281 0.15 0.41 0.49
Reddit Police action 44 - 325 0.21 0.35 0.41
Abuse of 23 - 81 0.18 0.44 0.51
authority

Table 7 Topics and their emotions (PSP agent violently assaulted a bus passenger)

Social Media Topics #of Post # of Likes # of Avg Happi-  Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Call The 63 49 279 0.18 0.40 0.44
Police
Twitter Police Action 48 284 884 0.33 0.34 0.34
Racism 35 19 73 0.14 0.39 0.44
Police Action 53 - 53 0.20 0.36 0.41
Reddit Racism 34 - 34 0.13 0.37 0.46
Record Police 19 - 19 0.18 0.35 0.41

As we can see on Table 5 and for Twitter, the topic” Call The Police” has 1,362
tweets designated with the most common emotion being Hate. For Reddit the most rel-
evant topic is “Police Action” with 2097, with Hate being the most common emotion.

5.3.3 Conflicts in police-monitored neighborhoods

On a Sunday morning, January 20" 2019, the PSP elements were called to a situation
of confrontation in the Jamaica neighborhood, in Fogueteiro, a com- munity in the par-
ish of Amora, municipality of Seixal, Portugal. Following the collapse of the construc-
tion business that held the site, the incomplete, unoccupied building was swamped by
multiple Portuguese families and immigrants from S3o Tomé and Principe, Guinea-
Bissau, Angola, and Cabo Verde. The confrontations where between two women fol-
lowing a party that took place into the early morning. This situation provoked clashes
that had aftershocks during the following weeks [32].

During the following two weeks the most commented topics (see Table 6) were
“Call The Police”, “Police Action”, “Racism” and “Abuse of Authority”. The topics
“Racism” and “Police Action” were common in both Social Media, Twitter and Reddit.
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Table 8 Topics and their emotions (death of a Ukrainian citizen at Humberto Delgado Airport)

Social Media Topics # of Post # of Likes # of Avg Happi-  Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Call The 53 9 70 0.17 0.35 0.39
Police
Twitter Police Action 49 17 123 0.33 0.31 0.35
Portuguese 22 7 46 0.23 0.33 0.37
Police
Police Action 48 - 48 0.22 0.33 0.40
Reddit Traffic 24 - 24 0.11 0.22 0.31
Army 16 - 16 0.17 0.22 0.25

Table 9 Topics and their emotions (PSP agent improperly prevented filming of police action in Setubal’s
Bela Vista neighborhood)

Social Media Topics #of Post # of Likes # of Avg Happi- Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Call The 36 10 104 0.19 0.40 0.45
Police
Twitter Police Action 20 5 22 0.28 0.27 0.29
Portuguese 10 7 38 0.19 0.32 0.36
Police
Police Action 32 - 83 0.23 0.32 0.41
Reddit Traffic 31 - 227 0.16 0.27 0.37
Racism 17 - 18 0.15 0.35 0.48

5.3.4 Everyday situations

Claudia Simdes was brutally assaulted by a PSP agent when the bus driver reported
that Claudia’s eight-year-old daughter Vitoria boarded without a pass, despite the fact
that children under the age of 12 are permitted to ride the bus for free [33]. This event
caused a lot of anger mainly among the NGO “SOS Racismo”, which is a movement of
NGOs that describe themselves as anti-racist [33].

During three weeks this was the most commented topics (see Table 7).

5.3.5 Unexpected events

The Ukrainian citizen, IThor Humenyuk, was tortured and killed at the Humberto Del-
gado Airport by three inspectors from SEF [34] on 2020, March 12", The defendants
are security guards of the company Prestibel, resigned from his post on March 30,
2020, the former border director of SEF, Sérgio Andrade, was also dismissed from the
civil service at the proposal of the Inspectorate General of the Internal Administration
[35].
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Table 10 Topics and their emotions on Twitter (Illegal approaching of a PSP agent)

Social Media Topics # of Post # of Likes # of Avg Happi-  Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Police Action 54 9 88 0.20 0.39 0.43
Twitter Call The 53 170 863 0.31 0.28 0.32
Police
Futebol 30 18 147 0.22 0.29 0.34
Police Action 36 - 274 0.21 0.32 0.38
Reddit Abuse of 17 - 52 0.17 0.35 0.44
Authority
Record the 17 - 107 0.18 0.36 0.39
Police

Table 11 Topics and their emotions (African migrants report SEF beatings and extortion)

Social Media Topics # of Post # of Likes # of Avg Happi-  Avg Avg Hate
Retweets/ ness Aggres-
Reddit Score siveness
Call The 28 20 314 0.29 0.30 0.32
Police
Twitter Police Action 24 13 90 0.18 0.43 0.45
Traffic 11 14 249 0.20 0.27 0.32
Police Action 48 - 449 0.20 0.33 0.40
Reddit Traffic 20 - 243 0.13 0.21 0.31
Army 19 - 253 0.26 0.31 0.34

Table 8 show the most commented topics and they respective emotion for the following
two weeks.

5.3.6 Police action

On April 20" of 2021 a PSP agent forced interruption a filming of a raid that has gone viral
on Instagram, showing the moment when this agent slaps a cell phone that was recording
the video of the situation that occurred in the Bela Vista neighborhood in Setibal [36].

Table 9 show the most commented topics and they respective emotion for the following
two weeks.

5.3.7 Police behavior

A PSP agent intimidated an young black man at Santa Catarina viewpoint on, April 17th,
2021. Polygraph an online journalism initiative whose primary goal is to research the truth
confirmed that the agent “did not comply with the law when approaching citizens in public
space, wrongly assuring that a resident of Amadora could not be in the municipality of Lis-
bon and that the driver’s license did not serve as an identification document” [36].

On Table 10 you can see the main topics commented on the following two weeks.
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5.3.8 Relationship with foreigners

On 2021, May 6™, TVI a Portuguese channel, had access to exclusive testimonies of Afri-
can migrants who say they have been victims of physical and verbal aggression by the SEF.
The five citizens arrived at Lisbon airport in January 2017 from African countries at war.
Some were in transit to Europe, others chose Portugal to seek asylum, but the trip did not
go as they expected and they ended up detained [37].

On Table 11 you can see the main topics commented on the following two weeks.

5.4 Assessment

The objective of the assessment phase is to assess the outcomes and models derived from
the emotion and topic analysis. This part initially verifies the compatibility of the desired
outcomes.

5.4.1 Emotion analysis

Regarding the emotions depicted in Section 5.3 of Twitter and Reddit over the different
specified time periods, we can claim that “Hate” was the most prevalent emotion in all
police intervention. On the basis of this evidence, we may conclude that whenever the Por-
tuguese police had to intervene, they were never popular with the community, which made
the Portuguese insecure. This kind of emotion has already been felt among the population,
and these results have only confirmed this speculation.

5.4.2 Topic analysis

Regarding the topics found in Section 5.3 from Twitter and Reddit, two of the identified
topics, “Police Action” and “Call the Police”, exhibit a trend throughout all the selected
time periods. These are the most often discussed themes, and they are related with feelings
of anger and aggressiveness. When the police are called or intervene, the event is likely to
go viral on social media, followed by angry social media users.

5.5 Discussion

A work similar to ours, by Moh. Nasrul Aziz et al. [38] also focus on under- stand-
ing the public opinion, however, this work only deals with Tweets in Indonesian. For
this article, a collection of 370 tweets was extracted, and from these, as in our work,
the analysis was performed using natural language processes to identify the sentiment
polarity (positive, negative and neutral), and their respective topics. To scrape the col-
lection of tweets they used terms such as: “ektp surabaya”, “ktp surabaya”, “ktp” and
“service”. On the contrary of our that focus on identifying the emotion itself, like anger,
aggressiveness, and happiness, their focus was on the polarity (positive, negative and
neutral) of the sentiment. And the sentiment polarity was mostly negative. With the
tweets collected they determined the topics for positive and negative sentiments. For
negative sentiment with the Topic Coherence Score they determined that the number
of topic was 14 and for positive was 11. The top topics for each sentiment were the
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following: for negative were “residents complain about tools that used to record user
id card has been damaged”, “residents disappointed that their id card is just sheet of

LT3

paper after waiting so long to get it”, “residents complain about process of creation user
id card that takes so long”,* residents complain about bureaucracy process that is very
complicated”, “residents id card that just sheet of paper”; and for positive were, “res-
idents pleased with the service from government states”, “residents pleased with the
convenience of government bureaucracy”, “residents pleased about the lifetime status of
their id card and no need for renewal”, “residents pleased with the employee of the gov-
ernment”, “pleased with the services and duty of the government officer”. The authors
conclude that the residents were not happy with the ID card because the waiting process
was too long, resulting in a temporary ID card that is just a sheet of paper and a compli-
cated bureaucratic process. But the residents were happy about the opening of service
being dispatched on Saturday.

Despite the fact that the sources and subjects employed in [39] differ from those used
in our work, both research studies share certain similarities. Using the Microblog of
People’s Daily, a Chinese microblogging platform, data were gathered between Janu-
ary 2020 and January 2021 using the keywords “novel coronavirus pneumonia”, “epi-
demic”, and “infection”, and a total of 40,241 comments. From this time frame, they
identified six topics. The first hot topic was that the older generation was not under-
standing the danger of the situation and not taking it seriously, the second topic was
“aversion to eating wild animals”. Only in these two topics, we can notice the behavior
of the public, similar to our work. They recognize that in the event of a sudden catas-
trophe, online public opinion may reflect the psychology of public panic and that the
government must engage with the public in a timely manner.

In Portugal, similar studies were done in this area, like the work of Azinhaes, J et al.
[21]. The goal of this work was to create a methodology for obtaining useful informa-
tion regarding public opinion about public institutions from social media using text min-
ing and natural language processing techniques. With this information they could create
a better decision-making plan and develop marketing campaigns. They have obtained
a good result using this methodology using the context of the Portuguese Army and
came to the conclusion that using this type of technique in any public institution can
bring many benefits, such as, understanding the negative reputation about the institution
and with this information the institution can plan around this information to get better
results.

Another similar work was done by C. F. Marreiros et al. [40]. The objective of this
work was to have an understanding of the realities of COVID-19. With this in mind, it
was applied NLP techniques on Social media, like Twitter and Reddit, and an Online news
Paper, Puablico to get the sentiment analysis during the pandemic and the benefits of this
study. It was determined that the subjects expressed on social media reflect the situation
surrounding the epidemic.

The public opinion on Social Media can be an important tool to alert and help institu-
tions to get a better understanding of the relationship between them and the general public.

In this way, we believe that by utilizing social media platforms such as Twitter and Red-
dit, we may portray a feeling of truth regarding the public opinion about any situation, in
our case the Police Violence. In this way, this study distinguishes itself by focusing on
Emotions (Hate, Aggressiveness, and Happiness) analysis over a lengthy period of time
(four years) that is split and evaluated based on major events in a specific country, Portugal.

After doing a four-year data analysis, it is reasonable to infer that the average emotion
identified as stronger is Hate, over the selected time period.
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6 Conclusions

In the digital age, the ubiquity of social media has provided a wealth of information
that can be harnessed to enhance public safety and security. As social communication
and online activity play an increasingly important role in shaping public perception and
discourse, law enforcement and security agencies have begun to explore the potential of
social media analytics to gain valuable intelligence.

One such application involves the analysis of online content to detect and prevent
criminal or terrorist activities. By monitoring social media platforms, agencies can
identify potential threats, track the spread of misinformation, and respond more effec-
tively to emerging situations. This capability is especially crucial in developing coun-
tries, where resources for traditional intelligence gathering may be limited.

The use of data analytics and machine learning algorithms to process large volumes
of social media data has enabled the development of advanced threat detection systems.
These systems can aggregate information from multiple sources, such as text, images,
and video, to identify patterns and anomalies that may indicate suspicious or malicious
intent.

However, the expansion of data collection and Al-powered decision-making in law
enforcement has raised concerns about privacy, bias, and ethical implications. As these
technologies become more prevalent, it is essential to establish appropriate safeguards
and oversight mechanisms to ensure their responsible and accountable use.

This research demonstrates various analyses that can be performed using the pro-
posed prototype applied to Police. By analyzing the data collected, we identified pat-
terns and drew insights into public sentiment toward the police in Portugal. The plat-
form successfully met its projected contribution by enabling a deeper understanding of
the public’s perception of law enforcement.

The specific goals outlined in Section 1.2 have been addressed as follows:

1. The variation in sentiment polarity in, Hate, Happiness, and Aggressiveness emo-
tions, in the Portuguese social media about the Police in Portugal. — The predominant
emotion on the two sources analyzed, from January 1, 2018, and December 31, 2021,
was Hate followed by Aggressiveness, and the last one was Happiness.

2. The relationship between emotions and real-world events: We established a con-
nection between significant events and the emotions expressed online. For example,
incidents such as “PSP Agent vs Residents” and “PSP agent violently assaulting a bus
passenger” were linked to higher levels of Aggressiveness and Anger. In contrast, none
of the events analyzed registered significant Happiness, with scores never exceeding
0.20.

3. The main topics discussed about the police on social networks: On Twitter, from Jan-
uary 1st, 2019, to December 31st, 2021, the primary topics included “Call the Police”,
“Police Action”, “Portuguese Police”, “Racism” and “Traffic”. On Reddit, the most-
discussed topics were “Police Action”, “Traffic”, “Army”, “Abuse of authority” and
“Record Police”.

This study offers a detailed perception of Police activity in Portugal and can be rep-
licated to gain insights into other countries. To achieve this, data collection must be
adapted to the specific language and local social media platforms of the country in
question. For instance, Reddit data should be sourced from relevant country-specific
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subreddits, and Twitter (now X) data must be filtered by language and region. It is
essential to adjust text mining methods to the language being analyzed.

The tool developed in this study successfully extracts social network information about
security forces and visualizes this data through dashboards, as illustrated in Figs. 4, 5, 8, 9,
10 and 11. Additionally, reports such as those presented in Tables 4, 5, 6, 7, 8, 9, 10, and
11 provide valuable insights. This is particularly relevant in the context of modern crises
and urban violence, where social networks often serve as the first source of information.

6.1 Future work

While this research focused on the Portuguese case, it can be extended to other countries
and languages by adapting the methodology accordingly. To achieve this, language-specific
lexicons would need to be incorporated, and the appropriate Sentence Transformer model,
either the same or one compatible with the target language must be selected. This expan-
sion would enable broader geographic and linguistic coverage, representing a promising
direction for further research.
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