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Abstract
This work studies quantitative measures for ranking judicial decisions by the Brazilian Supreme Court [Supremo
Tribunal Federal (STF)] and selecting leading cases, which are understood as those with broadness of influence
on different legal fields. The measures are based on a network built over decisions whose cases were finalized in
the Brazilian Supreme Court between 01/2001 and 12/2019, which were obtained by crawling publicly available
STF records. Three ranking measures are proposed; two are adaptations of the PageRank algorithm, and one adapts
Kleinberg’s algorithm. Such measures are compared with respect to agreement on top 100 rankings; we also analyze
each robustness measure based on self-agreement under perturbation.

We examine whether the resulting quantitative ranking is congenial to a qualitative intuition of what the legal
community usually considers as relevant precedents. We also discuss some possible criteria of relevance in the
seek for patterns that suggest how quantitative and qualitative measures would better align. The ranking of leading
cases and relevant decisions improved after building decision networks without irrelevant appeals and decisions
that overflow the court offers a starting point to discuss the role of STF in the Brazilian judicial system.

In our last work, both versions of PageRank and Kleinberg algorithms produced different rankings and all of
them were robust with respect to 10% and 20%-perturbation levels, but none of them retrieved leading cases at the
top of these rankings. Then, we took a further step in the studies of the STF decision network and we introduced
better filtering of network nodes guided by legal expertise on the works of the Supreme Court. We also introduced
more fine-grained perturbance levels to understand the impact of such filters in the STF decision network. We
concluded that after filtering low-relevance decision types, the STF decision network is still robust under 10%-
perturbation, but it presents higher degradation by increasing perturbation levels. The two versions of PageRank still
produce different rankings. Kleinberg’s algorithm provides a different ranking, with many relevant criminal cases.
Although we improved algorithms rankings filtering decisions from the network, which represents an important
methodological step, there is still room for improvement. Given that relevant decisions are well ranked after filtering
out a large amount of irrelevant decisions, the results set a starting point to discuss the role of STF in the Brazilian
judicial system.

1. Introduction
This work investigates the development of network analysis tools based on natural language processing
(NLP) aiming at detecting leading cases of the Brazilian Supreme Court and understanding their impact
on case law by that same court. This work expands previous results in de Souza and Finger (2020),
which did not distinguish between leading cases and regular cases. As before, we must state that there
is no widely accepted standard tool either for identifying leading cases or for ranking them, but recent
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developments in computer science and artificial intelligence, enhanced with expert analysis of the data,
allow us to put forward a few proposals.

This work aims to be another step in the discussion of the desired properties of quantitative feasible
measures of relevance of Supreme Court decisions. We believe our research is a relevant contribution to
the literature because (1) the Supremo Tribunal Federal (STF) decision network has not been sufficiently
explored in the literature to understand its structure and to find a good measure to rank leading cases;
(2) we are applying a new measure of network robustness that we have proposed in de Souza and Finger
(2020); and (3) we are also applying filters under the guidance of legal experts designed to consider
specific aspects of STF functioning.

Selection of leading cases should presumably reflect the influence that a precedent has on the whole
system of adjudication, due to the role and higher position of the Supreme Court in the Brazilian judi-
cial system’s hierarchy. Applying measures to the decision network may improve the knowledge about
Brazilian Supreme Court’s functioning in terms of the cohesion of its precedent network, transparency
to the legal community with respect to its own rulings, and identification of key precedents. As the STF
is a Supreme Court that holds more responsibilities than other well-studied Supreme Courts like the
Supreme Court of the United States (SCOTUS) and decides a high volume of cases, it is important to
study how different the STF is compared to other Supreme Courts in respect to authority scores and how
good these measures are at ranking leading cases on the STF decision network. Also, it is important to
investigate if they might reveal or emphasize some of its functions, whether they are particular to the
STF or not. We might discover interesting findings for the legal community.

The Brazilian Supreme Court (STF) is of utmost importance to the Brazilian judicial system and to
the structure of the democratic republic as it is empowered to enforce the Brazilian Constitution and,
therefore, prevent unconstitutional laws from becoming valid or producing effects in the legal system.
Since the content of the Brazilian constitution is extensive (not limited to fundamental principles and
rights), there is a vast array of subjects that arrive at the court, be it directly or indirectly, through the
complex Brazilian system of appeals. This attribution has a negative impact on the performance of the
STF, generating a high demand for lawsuits and appeals (Falcão et al., 2014).

Differently from other Supreme Courts that select a few relevant cases for analysis, the Brazilian
court is the last instance of appeals on several different subjects, issuing around 80.000 rulings per year.

Several measures were deployed to reduce this enormous amount of cases, such as a new procedural
law demanding that appeals to the Supreme Court must have ‘general repercussion’, which has to be
argued for by the appellant, as well as the provision by law of specific rulings by the STF that are
biding for the Judiciary. It should restrict access to the Court like the Certiorary Act of 19251 did for
the SCOTUS. However, the number of appeals that still reach the STF and the variety of subjects is
extremely large.

Thus, the court may decide issues of political relevance, such as the eligibility of politicians that were
implied in criminal investigations or that were condemned by an inferior court (before a definitive ruling
by courts of appeal), or economic impact, such as the constitutionality of a tax collected from industrial
activities, and also deliberates on legal theses that become influential in the judicial system and therefore
in the legal community as a whole. Particularly important is the Supreme Court’s role as the guardian
of fundamental rights enshrined in the Brazilian Constitution. This enables the court to rule on cases of
social significance and impact, such as the legality of same-sex marriage, the admissibility of abortion
of anencephalic fetuses, or the granting of access to the digital content of mobile phones in search and
seizure procedures.

Legal scholars are interested in analyzing the influence these STF decisions may have on future
cases that deal with similar matters. Decisions with broadness of influence, for example that modify the
previous understanding on some significant issue and become the ground of future rulings are usually

1The Judiciary Act of 1925, also known as ‘Certiorary Act’, was designed to reduce the workload of the Supreme Court of the
United States (SCOTUS). Since then, any appellant must file petitions for a ‘writ of certiorary’ with the Court. The acceptance of
the petition depends on the discretionary favorable decision of four Justices. Usually, the Court hears 100–150 cases each year.
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called ‘leading cases’. An important question raised in this paper is whether such leading cases may be
captured by quantitative methods in terms of citations in the decision network.

This work is only possible as the STF makes public and freely available a substantial amount of
electronic information on court decisions. We have crawled that material to extract and process decision
data in text, written in Portuguese, to build a decision network only with decisions issued by the STF.

Based upon a such complex network and the concept of authority scores, we keep studying the deci-
sion ranking measures built on PageRank (Page et al., 1999) and Kleinberg’s (1999) ranking algorithms
proposed in de Souza and Finger (2020). Our goal is to investigate the level of agreement between mea-
sures, their robustness with respect to the network, and whether most of best-ranked decisions by the
measures are leading cases. The latter goal is a desirable ranking for legal scholars. For robustness, it
is expected that the rankings be preserved under addition/removal of some small random number of
nodes; otherwise, the ranking is too unstable to be useful. The proposed measures are an exploratory
attempt to provide quantitative support for claims about Brazilian Supreme Court decisions, and should
be considered among the first steps toward more complex analyses of decision structure.

To find the leading cases, we also propose filters to remove some decisions from the decision network.
This filtering is conducted under the supervision of legal experts that understand the workings of the
court and that are capable of proposing criteria to select, among the huge number of decisions issued
by the court, which processes are just ‘noise’ in the search for cases of repercussion.

The results achieved are promising, as the filters applied in the decision network helped to retrieve
more leading cases and decisions of legal relevance while also putting in evidence a few important
characteristics of the STF, some of them hidden, that have the potential to produce social impact. The
contrast between the decision relevance rankings of different decision networks shows how much time
and importance STF devotes to non-constitutional-related matters such as appeals and public pension
cases that overflow the court. These results offer a foundation to discuss the suitability of the functions
of STF for the Brazilian judicial system. The present work provides a platform on which more complex
NLP may be performed, such as legal argument extraction and evaluation of the impact of specific laws
in society.

This paper is structured as follows. We start by analyzing related work on measures and algorithms
for quantitative and qualitative ranking measures of legal decisions in Section 2. In Section 3 we provide
expert legal analysis that supports the filters our method applies to network data to identify leading cases.
Then, we describe how the STF decision data was extracted and preprocessed, how the STF decision
network is modeled, and we describe the construction of decision networks studied and compared in
this work in Section 4. In the same section, we adapt node ranking algorithms to create measures of
decision ranking based on the STF decision network, a measure for the agreement of those rankings
that is statistically analyzed, and then we describe a set of robustness tests on those rankings. Results
obtained are discussed in Section 5 and we conclude on the compliance of the proposed measures to
the desired properties of agreement and robustness and inform main discoveries about ranking leading
cases.

2. Related work
Algorithms for discovering authoritative nodes in complex networks, which receive a large number of
references, and hub nodes, which refer to several nodes, were proposed by Kleinberg (1999). A few
networks built on U.S. and European Supreme Courts decisions have been studied in the last decades,
such as Agnoloni and Pagallo (2015), Fowler and Jeon (2008), van Opijnen (2012), and Winkels et al.
(2011). Both Agnoloni and Pagallo (2015) and Fowler and Jeon (2008) have found that Kleinberg’s
algorithm leads to scores that usually meet the evaluation of legal experts on relevant decisions, in
which relevant hub decisions are those that cite many relevant authoritative decisions; similarly, relevant
authoritative decisions are those cited by many relevant hubs. The analysis of the in via incidentale
rulings of the Italian Constitutional Court by Agnoloni and Pagallo (2015) identified decisions that are
quite debated by legal scholars but are rarely cited by the court due to the definitive resolution of a matter
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settled in the ruling; Agnoloni and Pagallo (2015) decision network topology is scale-free according to
a power law, and Fowler and Jeon (2008) identified that most cases have a small degree, a few cases are
widely cited and other few cases cite a large number of cases, but they did not say that the SCOTUS
decision network is scale-free.

Another approach was proposed by van Opijnen (2012), with good results using closeness measures
that calculates the distance between decisions, such as proximity prestige and generalized core, but in
their judgment the best results were achieved with ‘Marc in-degree’, a measure that only takes into
account incoming citations. On the same line, sink distance measure combined with the single-linkage
hierarchical clustering algorithm produced more accurate and more interpretable clusterings in the work
done by Bommarito et al. (2010). In contrast, van Opijnen (2012) and Winkels et al. (2011) did not
achieve good or meaningful importance scores with the PageRank algorithm (Page et al. 1999), i.e., the
relative importance of the referring case does not seem to predict the relevance of the cases it refers
to. The results obtained by van Opijnen (2012) using indegree Hyperlink-Induced Topic Search (HITS)
showed a low correlation between their results and the number of publications in specialized magazines
and the number of citations in literature, too.

There are some studies about the Brazilian Supreme Court, but none of them address the topic of
authority scores nor the Supreme Court’a decision citation network. The FGV-Rio Law School2 has been
publishing quantitative analyses in articles and reports since 2010 about the Brazilian Supreme Court.
Usually, the reports addresse questions aiming at fostering debate about the court’s activity through
queries that can be answered with basic statistics such as ‘what are the heaviest users of the court?’,
‘which justices take more time to judge preliminary injunctions3?’, ‘which types of cases take more time
to have a final decision and which ones are judged fastest?’ (Falcão et al. 2013). The articles published
by FGV-Rio Law School about the Brazilian Supreme Court address more specific issues like ‘Is the
time taken to request to view a case shorter in comparison with the U.S. Supreme Court?’ (Hartmann
et al. 2017) and ‘What affects more the court’s cohesion, the court’s workload, or differences between
the justices’ personalities?’ (Almeida et al. 2016).

In Section 3 we also cite some works discussing the perception of leading cases by the legal com-
munity and ranking lists of cases decided by the SCOTUS, considered as authentic leading cases by the
legal community.

With respect to our claims of originality and valuable contribution to the legal community studying
the Brazilian Supreme Court, we note that:

(1) As far as we know, we are the first to study authority scores for the Supreme Court of one of
the biggest democracies in the world, with some significant differences from other countries’
Supreme Court analyses, pointing to methodological contributions to the task;

(2) we apply a new method to evaluate robustness in a network by calculating the intersection of
decisions on the top 100 positions in multiple running trials;

(3) we apply expert-guided filters specific for the STF to filter out decisions considered irrelevant
for identifying leading cases in the decision network; and

(4) due to these filters, we refine robustness levels to get a better understanding of decision network
robustness.

The last two items are the techniques we introduced in this work in the pursuit of finding a good
authority score for STF leading cases and understand its decision network better.

3. Quantitative vs. qualitative conception of relevance
Matching the quantitative evaluation of relevance with the qualitative appreciation by the legal commu-
nity about what are the leading or most relevant cases in the judicial system, even when this question is

2https://portal.fgv.br/en
3In Brazil, preliminary injunctions are petitions that have temporary and urgent features. It aims to avoid likely violations of

constitutionally guaranteed rights or irreparable harm in the absence of preliminary relief caused by delay in the legal process.
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restricted to the Supreme Court, may prove a difficult or even impossible task. The first difficulty lies in
the different criteria of relevance that may be used within the legal community. Actually, relevance is an
‘interpretive concept’ (Dworkin, 1986) that is, it admits different ‘conceptions’ according to the point
or goal of its application as stipulated by the interpreter or by a language community.

A case may be considered relevant in terms of its economic impact, for instance, in tax law, a con-
ventional case that does not bring any innovation to tax law theory may imply an impact of billions of
Brazilian reais on the tax revenue in the country. Unless there is an important and broader constitutional
issue at stake, a case in this specific and technical field would hardly be considered relevant in other
fields such as criminal, civil, or environmental law.

On the other hand, matters of procedural law, which would certainly have repercussions for many
fields, would hardly be considered ‘relevant’ by the legal community, which would mostly be focused on
cases with substantive and material issues rather than procedural ones. Thus, a conception of relevance
as broadness of influence on different legal fields would probably not be congenial to what jurists would
call a leading or relevant precedent.

Another interesting conception of relevance would be the social impact of a decision modifying
previous case law, in terms of its polemic in the social context, and how it has affected not only legal
knowledge but the community’s culture or its fundamental values. Such cases are usually associated
with the constitutionality of laws or authoritative decisions that hinders the exercise of fundamental
rights.

A recent measure by one of the largest repositories of legal papers showed that the most cited cases
decided by the SCOTUS are mostly the ones the legal community expected, largely coincident with
any list of the most famous or most important in Mattiuzzo (2018). For instance, the first two, Brown
v. Board of Education4 and Roe v. Wade5 are prominent in every ranking of landmark decisions, using
whichever criteria (Rehnquist, 2002; Irons, 2006; Cushman, 2011; Steinman, 2016; Mattiuzzo, 2018).

Both of them, however, would hardly figure in a citation count examining judicial rulings in the
United States. In the first one, the Court decided in 1954 that segregated schools are inherently unequal
and determined that schools specifically for black or white students should be integrated. This ruling
had a significant social impact in the pre-civil rights era, and even in the 2000s, the problem is still
widely regarded as unsolved (Irons, 2002; Patterson, 2004). In the second, the Supreme Court affirmed
in 1973 the appellant’s right to an abortion despite legal provisions ito the contrary. This ruling was
recently overruled by Dobbs v. Jackson Women’s Health Organization, No. 19-1392, 597 U.S. _ (2022)”,
which shows that it is still a relevant issue today given that it is discussed every time a new Justice6 is
appointed to the Court (Green, 2020). Despite all social significance, one would be hard-pressed to
find an abundance of rulings by the Court citing these two as precedents because there is not much
else to debate: segregated schools and state laws forbidding abortions without any qualification are
unconstitutional and remain so, with only a handful of reaffirmations of the rulings in the decades that
followed.

In Brazil, we may easily think of decisions regarded as significant in terms of social impact by the
legal community, which we could hypothesize would fail to appear in a citation count due to the high
number of procedural decisions that are cited by hundreds of decisions. In 2012, the STF decided ADPF
547, a much-debated case about abortion rights in the case of an anencephalic fetus (abortion is a crimi-
nal offense in Brazil8). It was the first time the Court opened the arguments to third parties, and dozens of
organizations from the government and civil society debated heatedly before the judges for two weeks.
The Court affirmed the right of any pregnant woman with a diagnosis of anencephalic fetus to an abor-
tion without the need for a lawsuit, despite there being no exception of this kind in the Criminal Code.

4347 U.S. 483, cited by 23 395 articles as of 2018.
5410 U.S. 113, cited by 21 692 articles as of 2018.
6Justice is how a Magistrate is called in the United States.
7ADPF stands for ‘arguição de descumprimento de preceito fundamental’, which could be translated as a complaint of a violation

of a fundamental right. A petition of this kind is presented directly to the STF.
8Articles 124–128 of the Brazilian Criminal Code.
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A STF judge at the time said that was the most important case ever to be decided by the Court9. A year
before the Court decided ADPF 132, ruling that same-sex relationships (a ‘stable union’, which is com-
monly referred to in English as a ‘common-law marriage’ or marriage by habit and repute) should have
the same legal status as any other conjugal relationship—despite a specific provision in the Brazilian
Constitution of 1988 granting such status only to relationships between a ‘man and a woman’. Two
years later, the Brazilian Judicial Council or National Council of Justice (CNJ), an independent body
that oversees the Judiciary, used that ruling as a basis to extend formal marriage rights to same-sex
couples. Notwithstanding the undeniable social relevance of these rulings, the fact remains that in the
aftermath of these decisions, the legal questions settled there will not return to the Court, at least not in
the same way. The cases are usually cited as examples of unorthodox decisions whenever another case
has to be dealt with in the same or in a similar fashion10. The result is that these cases are not cited as
much as cases that are recurrent in the court dockets.

Hence, the quantitative measure would probably match a qualitative evaluation of how influential a
case is in terms of becoming the ground for several subsequent precedents. This idea captures one aspect
of a leading case, which is the fact that the case makes a difference and it usually does because it has
changed in some relevant aspect a previous orientation of the case law. It also captures an intuitive and
literal notion of a case being ‘influential’ within the very legal community in terms of bringing legal a
thesis, which is further reproduced within the Supreme Court and thus, presumably, by inferior courts
and by legal doctrine.

However, there are some possible traps that must be dealt with if we are going to use a criterion of
relevance as influence in future case law. These traps are related to the peculiarities of the Brazilian
legal system and the Brazilian Supreme Court.

Prominent among them is the possibility of cases with limited repercussions reaching appellate courts
and even the Supreme Court. Cases dealing with a wide range of questions such as social benefits,
pensions, and even petitions for habeas corpus are common in the Supreme Court’s dockets. At some
point, we may have thousands of cases with the same legal question before the Court, and most or all of
them end up being decided the same way, in exactly the same terms. Because of that, a precedent might
be inserted in a decision that is replicated in thousands of cases—which means that the precedent is cited
thousands of times. However, the decision cited as precedent may not even be the ‘technical’ precedent,
the leading case that established a legal orientation or changed a previously undisputed understanding
about some legal question. We identified this phenomenon appearing in some experiments whose results
we discuss in Subsection 5.2.

Another particularity of the proceedings in the Supreme Court is the petition called ‘agravo regi-
mental’ (abbreviated as AgRg or AgR). It is an appeal provided by a Supreme Court internal regulation
and can be filed after a ruling by a single Justice that is adverse to the appellant. The petition is then
decided by one of the two Panels (of five Justices each) or by the whole Court (of eleven Justices)11.
These petitions are decided in ‘packages’ and usually in similar terms.

Therefore, considering the high volume of AgRs decided in the STF and using a conception of rele-
vance to detect leading cases as those cases that are most influential in terms of citation count in Section
4.3, we have introduced filters to avoid repetitive issues and recurrent litigants to avoid what we consider
spurious leading cases, provided that they do not influence future cases but are actually judged simul-
taneously or represent subjects of minor relevance that frequently appear at the court with regard to the
same litigant.

9STF, ADPF 54, 2012.
10For instance, the ADPF 132 was cited in 2019, when the Court ruled in the ADO 26 that discrimination by sexual or gender

orientation should be regarded as criminal according to legislation that punished racism (ADO stands for ‘ação declaratória de
omissão’, which could be translated as a motion for a declaration of legislative omission—in this case, the omission in creating a
crime punishing discrimination by sexual or gender orientation).

11The President of the Court (which would be the Chief Justice in the United States) is not a member of any of the two chambers,
but leads deliberations when the whole Court convenes.
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4. Decision network modeling and analyses
As data extraction and network modeling were already done in our previous work, we briefly describe
those tasks here for the sake of reference. For a detailed description, please refer to de Souza and Finger
(2020).

4.1. Data extraction
We analyze data from rulings called ‘acórdão’, which are collegiate decisions pronounced by the Plenary
and the Panels of the STF. The data was extracted and parsed from case entries found in the STF jurispru-
dence search engine Supremo Tribunal (Federal, 2022). An entry contains summarized information
about one decision organized in sections. Among all the data contained in a case entry, we are inter-
ested in the header containing the decision code and petition type, the parties of a case, the ‘Note’
(Observação) field, which contains all jurisprudent decisions cited, even ones that do not support the
decision, and the “Decisions in the same direction” (Acórdãos no mesmo sentido) field that contains deci-
sions that we call similar decisions, decisions that share the same matter and content and are decided
the same way as the case entry.

4.2. Network modeling
We model the decision network as a graph of citations and execute ranking algorithms over it. Our
goals in this process are: (1) ranking decisions in the decision network for evaluating the relevance of
decisions in the highest 100 positions, identifying leading cases in terms of legal and social impact and
the influence of decisions; and (2) evaluating the decision network’s robustness under random error or
perturbation to find out if the citations build a stable network, that is, a network that does not change
easily structurally speaking.

In the process of building the decision network, we consider nodes as decisions and edges as cita-
tions to decisions during judgement. Let N be the number of decisions, each decision represented by a
node Ai, i = 1, . . . , N. If the entry for process Ai mentions ni decisions Ai1 , . . . Aini

, we create ni edges
connecting Ai to each cited decision. The cited decisions are meant to be precedents for a decision that
cites it, but as mentioned in Section 4 that may not always be the case. However, we considered all cited
decisions as precedents since we cannot distinguish which citations are part of opinions that followed
the majority of magistrates in each case. Another issue concerning equating citation with precedent is
that even decisions cited in opinions followed by the majority of magistrates may be overruled due to a
change in the court’s position concerning a particular matter. Even under those circumstances, the cited
decisions are relevant because they contribute to fostering the decision’s prevailing arguments and can
be considered influences.

For each similar decision Si
k of Ai, let we also create edges to connect Si

k to Ai1 , . . . Aini
, given that each

similar decision shares the same matter and content of decision Ai. Although entries were not created for
similar decisions, they were also judged like the one for which the entry was created. We assume similar
decisions cite the exact same decisions as entry ones, even if this has not been confirmed by a search
in the complete case files. But including them in the decision network contributes to consolidating the
court’s jurisprudence about the matter at issue in these decisions.

4.3. Citation networks construction
In our last work (de Souza & Finger, 2020) we showed the decision network is robust for 10% and 20% of
perturbations against the network. However, we failed to find a substantial number of decisions that are
leading cases or influential decisions whose legal thesis is reproduced in further decisions. Legal experts
took a look at the list of the top 100 best-ranked decisions and found that a high number of decisions
are ‘AgRs’ for all algorithms studied in our previous and current work. That happened because, despite
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Table 1. Number of decisions in each decision network analyzed in this work

Network Decisions (considering similar and cited decisions) Decision entries only
Gorig 280 144 103 168
Gno_agr 59 639 27 217
Gno_agr_inss_stm 50 501 25 739

AgR having little to no relevance by any usual standard since AgR is a procedural appeal, AgRs are filed
in large quantities and decided by the judges in the same way, in batches of tens or hundreds of appeals.
This practice creates a cycle where AgRs are decided in batches, citing previous decisions in AgRs.

Therefore, this result gave birth to the idea of constructing alternate decision networks by filtering out
decisions whose existence in high volume structurally hides, or pollutes, parts of the decision network
that would reveal leading cases and decisions with legal relevance. As we are interested in leading cases
and decisions of legal relevance that settle legal thesis, which is further reproduced, we need to filter
decisions to change the network topology and reveal, that is rank better, these decisions. In the search
for such a network, we must first define a graph, which is a network.

A directed graph (Sedgewick & Wayne, 2011) is a pair G = (V , E) comprising:

• V , a set of vertices (nodes, or the decisions in this work);
• E ⊆ {(x, y) | (x, y) ∈ V2 and x �= y}, a set of edges (also called directed edges, i.e., the decision

citations) that are ordered pairs of vertices (i.e., an edge connects an ordered pair of vertices).

In this work we construct three networks: the network with all decisions, Gorig, a network without
AgRs and the appeals issued on it, Gno_agr, and a network, Gno_agr_inss_stm, that does not contain AgR and
its appeals and decisions which have the Brazilian Social Security Office12 or the Superior Military
Court (Superior Tribunal Militar, STM) as one of the parties in a case. The network Gorig has already
been studied in our previous work and will be compared to alternate networks. The network Gno_agr is
motivated by the fact that, as we mentioned earlier, AgRs are not relevant in any way, and their presence
in large quantities makes it difficult to rank relevant decisions, as we can see in Table 1. After filtering
AgRs’ case entries, the network size is reduced by almost 80% considering similars and citations. The
idea for the network Gno_agr_inss_stm came out after analyzing Gno_agr and identifying that many decisions
were issued about the same matter related to the INSS because it is among the greatest litigators in
the Judiciary—actually, it is the greatest litigant after state institutions—and many decisions related to
pensions are decided in batches and some are cited hundreds of times by future decisions. Decisions
that have STM as a party because they are neither leading cases nor decisions with significant influence
over other decisions in the STF.

An important reminder is that the process of building the network is done by retrieving case entries
and their cited and similar decisions. As we may not retrieve parties for some cited decisions and sim-
ilar decisions, some decisions that have INSS or STM as parties may not be filtered from Gno_agr_inss_stm

network.
We analyze and compare in this work all three networks with regard to (1) network robustness,

(2) network structure, and (3) ranking measures for each network.

4.4. Network node ranking algorithms
We applied three algorithms for ranking decisions in the decision network and evaluated its robustness as
we did in de Souza and Finger (2020): PR1, PR2, and Kleinberg’s. We call in this work as algorithms the
PR1 and PR2 models that are different equations to calculate the PageRank value of each decision using

12In Portuguese, it is called Instituto Nacional do Seguro Social (INSS), which would translate literally to National Institute of
Social Security. We decided to use ‘office’ instead to better convey the nature of the institution as part of the Executive branch.
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the PageRank algorithm (Brin & Page, 1998) and we call a measure the result of a ranking algorithm.
PageRank is an algorithm created for ranking website pages in a network using a relevance measure for
such pages. It outputs a probability distribution, that is, a probability of reaching each page (node) in
the network, which represents the likelihood of a person randomly clicking on links to get to a specific
page. PageRank works on the idea that a page pointed to by many other pages may be more relevant than
those pointed to by only a few pages; furthermore, the relevance of a page increases if the pages pointing
to it are also relevant. The PR1 model is basically the original PageRank; it calculates the PR1(a) of a
decision a as a summation of the PR1(b) of each decision b that points to a divided by the number of
citations Nb done by b. It is like decision b is distributing equally its PR1 for each decision it cites. The
PR2 equation does the same summation, except there is no factor 1

Nb
that multiplies the PR2(b) of each

decision b. This change compared to PR1(b) is based on legal experts’ assumption that the importance
of a decision should not be reduced by the number of decisions it cites. The process of calculating PR1

and PR2 is iterative; the algorithm initially assigns the same value to each node in the decision network
and iteratively updates the value of each node a, calculating the value PR1(a) in each iteration until the
difference between the Euclidean distance between one iteration, PRm

1 , and the previous one, PRm−1
1 , is

less than a precision ε, which for this algorithm in this work is 10−8 and the algorithm stops.
Kleinberg’s algorithm, also called HITS, was designed to find the most relevant pages as an answer

to broad search topics in the context of the Web. It plays on two types of pages: authoritative pages,
those that are most relevant to the initial query, usually have a large number of incoming links and there
is considerable overlap in the set of pages retrieved in the search that point to them; hub pages, those
among the retrieved pages in the initial query that point to, that is, have links to authoritative pages, and
there is also an overlap of retrieved pages that are pointed to by them. A good hub is a page that points to
many good authorities; a good authority is a page that is pointed to by many good hubs. In this work, the
pages are the decisions, and the retrieved pages are the decisions present in the decision network. HITS
initially assigns the same value to each decision and iteratively updates the authority weight and the hub
weight of decision a in each iteration. When the difference between the sum of the absolute difference
of hub weights between iteration m and the previous one, m − 1, is less than 10−8, the algorithm stops.

To build the decision network and run PR1 and Kleinberg’s algorithms, we used the NetworkX Python
module (Hagberg et al., 2008). To do the same for PR2 and analyze experiments’ results, we wrote the
source code13. For a more rigorous mathematical definition of each algorithm and a complete description
of the calculation of PR1, PR2, and Kleinberg’s process, see de Souza and Finger (2020).

4.5. Computing measures of decisions relevance and their robustness
There exist a few measures for specific network topologies to evaluate robustness, like those in Albert
et al. (2000), Schneider et al. (2011), but in this work we propose another one to evaluate if a network
is robust or not.

To measure the robustness of a decision network, we calculated the Top100Decisions perturbation
all measure for all algorithms on all three networks analyzed in this work. The idea is to run a chosen
algorithm against a decision network and some altered copies of it and find a degree of similarity in
their structures. We do this process in 10 trials. In the first trial, we retrieve the set of decisions, build
the decision network with them, and run the algorithm against it. The difference between the first and the
other 9 trials is that after retrieving the set of decisions, we randomly sample a percentage of decisions,
for example, 10%, remove them, and build the decision network with the remaining decisions in the
set14. The set of decisions removed in each of the 9 trials is supposed to be different from each other, so
we can have 10 different decision networks.

13The source code for the scraper, the experiments run and the analysis of the results are available at https://github.
com/jacksonjos/analise-juridica

14As the removal of decisions is done before building the network, if a decision entry is removed, all similar decisions related
to this decision are also removed.
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The removal of decisions from the network we call perturbation on the network, which can also be
understood as a considerable amount of random errors on it. We call Top100Decisions the list of 100
best-ranked decisions obtained as a result of running the ranking algorithm against the network. We
then consider a decision as ‘agreed upon’ if it reaches 80%-threshold, that is, the decision is present in
at least 8 of 10 running trials. The number of decisions present in the Top100Decisions for at least 8 of
10 running trials is the Top100Decisions perturbation all as a result of an algorithm on a network.

The idea is to obtain a ‘dynamic’ view of robustness, that is, if the list of Top100Decisions among
multiple trials with random perturbations on the same decision network does not change dramatically,
the network is found to be robust. As we mean to do a fair comparison of Top100Decisions perturbation
all between all measures and perturbation levels, we remove the exact same decisions from the network
for each algorithm; that is, the exact same perturbation is applied for each algorithm in the first trial, in
the second trial, and so on. In our previous work, we ran each algorithm for 10%, 20%, and 30% levels
of perturbation for network Gorig, and we kept it as it is. In this work, we also run 5%, 10%, 15%, 20%,
25%, and 30% levels of perturbation for networks Gno_agr and Gno_agr_inss_stm.

As we are interested in comparing if PR1 and PR2 measures are different, we calculated the Chi-
squared hypothesis over the Top100Decisions perturbation all results obtained by PR1 and PR2, and we
analyzed the intersection of decisions contained in the Top100Decisions perturbation all between both
measures. A high degree of agreement among those measures indicates that they are capturing, in the
higher levels of relevance, a similar notion of decision authority.

Considering the centrality of Top100Decisions perturbation measure and that it can take values
between 0 and 100, we fix the threshold of 50 as a criterion to determine if the network is robust or
not. So, when a Top100Decisions perturbation measure is above 50 the network is robust; otherwise, it
is weak.

5. Results and discussions
Motivated by the search for a decision ranking that matches the criteria presented by legal scholars,
we performed experiments on three decision networks. Two of them were built on semantic filters that
removed decisions belonging to a specific class of procedural decisions, for example, AgR, and removed
decisions that have INSS and STM as litigants. This is justified by the fact that the removed decisions
are neither leading cases nor relevant decisions and do not help to rank them well. After their removal,
the network helped rank measures concerning the top leading cases and relevant decisions.

This section is split into quantitative results 5.1 and qualitative results 5.2, aiming to present results
regarding network robustness, network topology, and ranking measures for each decision network stud-
ied in this work. We also opted to communicate, in this section, the most quantitative results found in
this work by means of plots instead of tables, as plots are more concise and clear.

5.1. Quantitative results
To obtain a fine-grained view of decision network degradation under perturbance for the smaller net-
works Gno_agr and Gno_agr_inss_stm, we adopted the perturbation levels 5%, 10%, 15%, 20%, 25%, and
30%. Analyzing the results, we can see that perturbation levels above 20% reduced by half the val-
ues of Top100Decisions perturbation all for almost all decision networks, as shown in Figure 1(b) and
(c). Thus, we decided to ignore perturbation levels above 20%, as comparisons of network robustness
become unfeasible with that level of perturbation. This observation was reached only after filtering
out irrelevant decisions from Gno_agr and Gno_agr_inss_stm decision networks, which supports legal experts’
knowledge that, for the purposes of our work, they distorted the decision network Gorig studied in our
previous work, leading to mistaken conclusions.

The results show all three decision networks are robust with respect to the Top100Decisions perturba-
tion all measure for perturbation levels 5% and 10% for all ranking measures since the Top100Decisions
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Figure 1. Top100Decisions perturbation all results for each perturbation level for PR1, PR2, and
Kleinberg’s ranking measures and the intersection of each pair of measures for each network

perturbation all is closer to 100 than to zero, as we can see in Figure 1(a). Also, ranking measure PR1

is robust for perturbation levels of 15% and 20% for all decision networks.
We also analyzed Top100Decisions ranking values for each ranking measure and each decision net-

work without perturbation to analyze how far decisions are from each other and how the difference in
ranking values changes as ranking positions decrease. As we can see in Figure 2(b), not only do PR1 rank-
ing values decrease smoothly from position 1 to 100, but also the ranking values of all decision networks
almost overlap. The PR2 and Kleinberg ranking measures produced ranking values that resembled a step
function. We can also see that the ranking values for the PR2 measure are less stable, changing more
abruptly, and the ranking values diverge between decision networks for the PR2 and Kleinberg measures,
in contrast to the PR1 results.

The Top100Decisions perturbation all results of each decision network studied in this work indi-
cate that the decision network is robust, which can be explained by the fact that the decision networks
studied in this work have a scale-free topology, which is also the case for citation networks (Barabási
& Pósfai, 2016). The name scale-free comes from the fact that there is not internal scale with respect
to the degrees of nodes in the network because some hubs, nodes with a large number of links, coexist
with a huge number of small-degree nodes, resulting in a fat-tailed degree distribution. We can see that
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Figure 2. Ranking values of Top100Decisions for each ranking measure and each decision network
without perturbation

in the decision network Gorig in Figure 3(a), in which there are a lot of nodes with small degrees and a
node with a degree over 5000.

Furthermore, the size of hubs grows as a scale-free network has more nodes. We can see that in
the opposite direction when we look at decision networks Gno_agr and Gno_agr_inss_stm which contain a lower
number of nodes than Gorig as we can see in Table 1. As a result, the highest-degree node in both decision
networks is smaller than that in Gorig as we can see in Figure 3.

In scale-free networks, degree distribution follows a power law Pdeg(k) = αk−γ , in which the probabil-
ity of node degree, that is, number of edges per node, decays as the node degrees 〈k〉 increase. However,
in real networks, many phenomena change the nature of the degree distribution, resulting in a deviation
from a pure power law, which can be observed in the decision networks studied in this work.

To deal with a degree distribution that deviates from a pure power law, we fitted a power law to the
decision network degree distributions by applying the gamma method estimation developed by Clauset
et al. (2009) and Klaus et al. (2011). We can see in Figure 4 for each decision network that Pdeg(k) vs.
〈k〉 plots almost form a straight line as in a pure power law. The data is scaled to a log-log plot with
logarithmic binning for readability.

Analyzing the results quantitative and qualitatively, we reached the conclusion that the decision net-
works are scale-free due to the functioning of STF, in which some issues are decided in batches; that
is, some issues have a large number of similar decisions, and these decisions share the same citations,
increasing substantially the relevance of a certain issue in the network. We showed plots of in-degree
decision networks because decision networks are directed, and in this case, we have to study networks
of in and out degrees separately (Barabási & Pósfai, 2016). For the sake of conciseness, we decided
to show results of in-degree decision networks to focus on cited decisions, but all out-degree decision
networks are scale-free, too.

We keep interested in comparing the Top100Decisions perturbation all measure between PR1 and
PR2 to find out if they display different levels of dynamic robustness. We perform a hypothesis test
to compare if two distributions with some properties in common are statistically different (de Souza
& Finger, 2020). We use the Chi-squared hypothesis test, χ 2-test, to compare the dynamic robustness
between PR1 and PR2 Top100Decisions perturbation all results in Figure 1 since the set of perturbation
levels for the PR1, PR2 pair follows the χ 2-distribution. This hypothesis test is done considering the
10%, 20%, and 30% perturbation levels for decision network Gorig and the 5%, 10%, 15%, and 20%
perturbation levels for decision networks Gno_agr and Gno_agr_inss_stm.

The p-value adopted to reject the null hypothesis is 0.05 for PR1 and PR2 Top100Decisions pertur-
bation all measures. The hypothesis test for the Top100Decisions perturbation all measure obtained a
p-value of 0.45 for Gorig, as already informed by de Souza and Finger (2020), and p-values of 2.32 × 10−6

and 0.98 for Gno_agr and Gno_agr_inss_stm, respectively. Therefore, we cannot reject the hypothesis that both
PageRank model versions, PR1 and PR2, retrieve the same decision ranking for Gorig and Gno_agr_inss_stm
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Figure 3. Distribution of node degrees in each decision network

Figure 4. Probability of node degree vs. normalized frequency of node degree (log scale, both) for each
network
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networks. But we can do so for the Gno_agr network, which makes sense because PR1 is robust for all
compared perturbation levels while PR2 is not for perturbation levels 15% and 20%, as we can see in
Figure 1(b).

5.2. Qualitative results
As discussed in Section 3, leading cases are decisions that modify the previous understanding on some
significant subject affecting not only legal knowledge but also society’s culture or its fundamental val-
ues. Leading cases have such potential for influence because they usually become the ground for future
rulings. And this is a result of their association with the constitutionality of laws or authoritative deci-
sions, which hinders the exercise of fundamental rights. Also, there is another category of decisions
that a have legal impact because they settle relevant theses that are used as precedents by future deci-
sions, but they do not spark the same social impact because they are not necessarily associated with the
constitutionality of laws as leading cases. We refer to these decisions as having legal relevance.

The search for meaningful authority scores is our main motivation for creating alternate network
versions as defined in Subsection 4.3. With the help of legal experts who are coauthors of this work, we
examined the results of ranking measures studied in this work to identify leading cases and decisions of
legal relevance. We did that for the Top100Decisions lists obtained running every algorithm in the first
of 10 trials against each citations network, Gorig, Gno_agr, and Gno_agr_inss_stm, without perturbation. This
evaluation by a legal expert was essential for doing a quality assessment of results. We will discuss the
findings for each network in the subsections below.

5.2.1. Decision network Gorig

In our previous work, we have found that a high number of decisions are ‘AgRs’ for all algorithms studied
in network Gorig which is undesirable because this category of decisions is a procedural appeal of little
relevance. That happened because, as mentioned in Section 3, AgRs are filed in large quantities and
decided by the judges in the same way, in batches of tens or hundreds of appeals and some of them share
many citations, inflating their respective relevance. Kleinberg’s algorithm retrieves just a few leading
cases related to social security matters that reach the STF very often. However, these leading cases in
particular are not so important and they are overrepresented because the same matter is discussed in
many cases that reach STF, and their importance is boosted maybe because they are in the same cluster.

5.2.2. Decision network Gno_agr

We have found that PR2 retrieved many leading cases and some decisions of legal relevance. However,
there is a leading case in the top 20 positions related to the recalculation of pension that cites other five
similar decisions that share the same thesis and are decided in the same way, boosting their ranking to the
next positions below the leading case. Other important theses that suffer from the same problem; they are
decided by a leading case and replicated in other decisions in Top100Decisions list. This shows that the
STF decides the same legal thesis repeated times, even for relevant matters, unnecessarily augmenting
the decision network and unbalancing the relevance decisions have in the network.

Other leading cases appear in the Top100Decisions list and they do not bring other similar decisions
with them, which means this leading case is more distinguishable in the list compared, for example, to
the leading case that is pension-related. In the Top100Decisions list, we also found some decisions about
economic plans created during the hyperinflation era in Brazil (+ 6700% annualy)15 from 1988 to 1991.
As the intersection of decisions between PR1 and PR2 is above 60%, as we can see in Sub Figure 1(b),
the same conclusions apply for the PR1 measure.

15For data about IPCA, the inflation index adopted in Brazil, look at: https://clubedospoupadores.com/ipca-anual
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Figure 5. Indegree of best 20 000 ranked decisions by each algorithm for network Gno_agr_inss_stm

5.2.3. Decision network Gno_agr_inss_stm

Although we found that around 14 decisions repeat the same legal thesis (billing of enrollment at public
universities) in PR2 Top100Decisions list, we also made an interesting and counter-intuitive discov-
ery. About 35 of the 100 decisions in PR2 Top100Decisions list are related to different criminal cases,
mostly habeas corpus, that settle relevant theses adopted as precedents in future cases. In other words,
these criminal cases have legal relevance. This result raises the hypothesis that the STF devotes much
more time than other Supreme Courts to criminal matters. Therefore, such an outcome may suggest that
Brazilian criminal procedure may be distorted with respect to what is expected of it.

Kleinberg’s measure Top100Decisions list retrieved just a few leading cases and ranked a big quan-
tity of decisions (35) with general repercussion (‘RG’), those that declare the legal thesis in dispute is
relevant and when decided should apply to similar cases. Then, the STF selects one or a few cases that
stay in the Court as representatives of the legal controversy and sends the others to the lower Courts (or
the lower Courts withhold the cases themselves). As soon as the STF decides the matter in hand, the
lower Courts must apply the same rationale to the hundreds or thousands of cases waiting for the matter
to be settled. That’s why the ‘RGs’ end up being high in the ranking of most cited cases, although it is
not the actual decision about the matter in hand, but just a determination of relevance to the court of
such a matter.

Also, analyzing the data of the first 10 decisions in the Top100Decisions list, most of which are ‘RG’,
we found that they were boosted by a huge amount of decisions called ‘ED’ (‘clarification motion’)16.
In effect, appellants resubmit these cases as ‘ED’, even when the cases in question do not fulfill specific
requirements which must be met for accepting a case as an ED. They do that as an attempt to revert
a decision made by a single judge by making a collegiate decision-making body of STF to reanalyze
these cases. Then, after analyzing these appeals, the court converts them to AgRs, which is the correct
category for such appeals.

To validate some characteristics of the PR1, PR2, and Kleinberg measures, we have chosen some
of the most famous leading cases decided over the last years. They are ADPF 54 (abortion rights of
anencephalic fetus), ADPF 132/ADI 422 (legality of same-sex marriage), and MI 670 (strike of public
servants). In PR1 and PR2, they were not in the Top100Decisions list because they received at most a
few dozen citations, and the ranking of a decision is directly proportional to its indegree measure, the
number of citations a decision receives, as can be seen in Figure 5. In Kleinberg’s, although there is
no direct relationship between indegree and authority ranking, these decisions did not achieve a good
ranking because they were cited by decisions that did not have good hub rankings.

16‘ED, or ‘embargos de declaração’—which could be translated as a ‘clarification motion’—are appropriate when the decision
has some ambiguity, obscurity or contradiction.
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We have a few hypotheses for why some leading cases do not reach the top of the decision rankings.
First, in a qualitative view, several leading cases may be seen as definitive decisions, for example, the
right to same-sex marriage. So, such decisions become part of the accepted legal culture and do not
promote litigation or opposition. Along similar lines, some relevant decisions may be cited only by low-
rank decisions. As a result, they do not ‘inherit’ enough mass to promote their own rank, which affects
especially Kleinberg’s method. A different hypothesis explores the fact that ranking measures actually
rank poorly relevant decisions but rank well irrelevant decisions that share the same subject because
they occupy most of the court’s routine.

In summary, most recent experiments employing legally inspired filtering captured a larger number
of leading cases, in the view of legal experts. But, there are more experiments that can be done by using
specific knowledge-guided data manipulation to find good relevant case rankings.

6. Contributions and future work
We have found that the idea of creating legal knowledge-based filters is key to achieving better results.
They allowed the removal of decisions considered noisy, which influenced a mismatch between ranking
measures and expert opinion.

Experiments made with decision networks built with these filters show that, besides the decision
network being robust under perturbation, they also retrieved a larger number of leading cases, unveiling
a strong presence of criminal cases in the STF.

There is now greater intersection between both PageRank-based measure variations, reaching above
40% agreement in the top 100 best-ranked decisions. However, under robustness perturbation tests, these
measures tend to diverge when the decision network ceases to be robust.

We conclude that the algorithms employed achieved a good quantitative measure, and they improved
substantially in ranking better decisions of legal relevance and leading cases, but they still require further
refinement to retrieve a more stable and consistent list of leading cases. Some claims of Vojvodic (2012)
encourage refinement in the filters to find more noisy decisions and filter them out of the decision net-
work. This work found that relevant decisions responsible for improving and developing the law and that
are of most interest to STF experts, like those concerning constitutional matters, are not in dense regions
of the decision network. This happens because they are not used as binding precedents and, therefore,
are usually cited by just a few other decisions. The results also show that the decision relevance studied
in this work underscores an inherent relevance of a decision in the STF, which much different from that
expected by legal scholars like the one found in Fowler and Jeon (2008). Therefore, these results show
the need to discuss the role of STF in the Brazilian judicial system.

Possible improvements could add polarity information to the edges of the network on whether the
citation supports or opposes a given decision, which could lead to more precise relevance measures. Such
capability, however, would require an analysis of the context in which the citation occurred, involving a
degree of automated understanding not available at the present development of NLP. A less demanding
improvement may come from more legal knowledge-specific filtering, involving the analysis of how
specific areas of law are dealt with by the workings of the STF; one possible step in this direction would
be to identify EDs converted to AgRs, as cited in the decision text, but that retain an ED identifier,
evading the filtering process.

Further improvements to this work include the development of tools to analyze the full content of the
decision and identify arguments in it in favor and against it. Also, it is desirable to work alongside STF
experts to create separate decision networks per legal area and obtain authority scores for each network
to retrieve leading cases and other relevant decisions in such an area.
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