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Abstract
Laws and legal decision-making regulate how societies function. Therefore, they
evolve and adapt to new social paradigms and reflect changes in culture and social
norms, and are a good proxy for the evolution of socially sensitive issues. Here, we use
an information-theoretic methodology to quantitatively track trends and shifts in the
evolution of large corpora of judicial decisions, and thus to detect periods in which
disruptive topics arise. When applied to a large database containing the full text of
over 100,000 judicial decisions from Spanish courts, we are able to identify an abrupt
change in housing-related decisions around 2016. Because our information-theoretic
approach pinpoints the specific content that drives change, we are also able to
interpret the results in terms of the role played by legislative changes, landmark
decisions, and the influence of social movements.
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1 Introduction
Technological advances have facilitated the generation and storage of digital documents
stemming from human activities, from financial transactions to medical records or drug
prescriptions. These digital traces open the door to understanding human behavior in new
ways [1]; digital documents allow to analyze the temporal evolution of the interactions
between social actors, making it possible to infer the sociological and cultural processes
beneath human activities [2]. In this endeavor, computational efforts are critical to autom-
atize the processing and extraction of information from large-scale corpora of documents
[2]. Indeed, computational methods enable the quantitative analysis of the content of doc-
uments and their evolution; they are powerful tools to understand the underlying social
processes by capturing trends and patterns that result from the prevalence, extinction or
substitution of specific practices and ideas [2, 3].

One of the last domains to enter the digitization era is that of legal studies. In recent
years, despite the fact that there are still some barriers that prevent open access to digital
court records [4], there has been a steady increase in the availability of digital documents
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related to court activities (such as judicial decisions or processes, especially in the US and
Europe) and legal processes in general [5]. In fact, despite some reluctance to incorporate
evidence-based methodologies in the study of legal processes [6–8], some voices have ad-
vocated for systematic and quantitative approaches for which the availability of digital
legal documents is crucial [4, 8–11]. Recently, systemic, computational approaches have
been able to start extracting and analyzing large corpora of judicial decisions [7, 12], which
has enabled the study of the use and propagation of precedent through the network of ci-
tations between judicial decisions [11, 13–17]. In this sense, while a thorough reading of a
decision is the only way to fully comprehend the legal reasoning, computational analysis
can uncover large-scale patterns in the legal system as a whole [18, 19].

Besides enabling the systematic study of legal processes, digitized legal documents are
also a good proxy for the evolution of sensitive social issues. Indeed, because of their key
role in determining how societies function, law and legal decision-making are subject to
public opinion [20] and constrained to evolve and adapt to new paradigms [21–23]. There-
fore, legal documents reflect changes in culture and social norms [24]. Here, we investigate
whether major social events leave measurable footprints in judicial records. We show that,
indeed, the evolution of content in a large corpus of tens of thousands of judicial decisions
from Spanish courts reveals the emergence and evolution of a socially disruptive issue. In
particular, we focus on decisions related to housing in the context of the global financial
crisis. Since 2007 and in less than a decade, more than 700,000 home-related foreclosure
procedures were started (including those that do not result in a court procedure, as well
as those that do, in all instances), which had a devastating effect in a significant fraction
of the population in urban areas [25]. We use an information-theoretic methodology to
quantify the footprint that such a major social issue left in the judiciary, by tracking the
main trends and shifts in the content of decisions, both in terms of the full text of the
decisions and of their citations to existing legislation. Specifically, our analysis shows an
abrupt change in the content of housing-related decisions culminating in 2016, which is
in stark contrast to the smooth evolution of two control corpora related to issues that did
not produce social unrest during the same period. Moreover, because the approach we
use pinpoints the specific content that drives change, we are able to interpret the results
in terms of the role played by legislative changes, landmark decisions, and the influence
of social movements.

2 Data and methods
2.1 Judicial decisions data set
We examined three different corpora of judicial decisions corresponding to different ar-
eas of law. In the first one, housing case law (H), decisions are related to housing issues
such as evictions, foreclosing procedures, and squatting. In the other two corpora, used as
a control group, decisions are related to homicides (HO) and condominium (C), respec-
tively. In all three cases, decisions were mainly decided by courts of appeal (Provincial
Court, 89%), but some of them were decided by other higher courts (e.g. the Supreme
Court at the national level, 8% or regional Superior Courts, less that 1%). We do not an-
alyze decisions ruled by courts of first instance, since those are not digitally published in
the national database. We restricted the analysis to the period 2001 to 2018, resulting in a
selection of 22,983 decisions in housing, 15,648 in homicides and 59,516 in condominium
(for more details see Supplementary Text S1 in Additional file 1 and Additional files 2-4).
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Figure 1 Representing judicial decisions as bipartite networks. (A) For each decision in the corpus we
consider the words used (blue), the cited legislation (red), and metadata such as the date of the ruling and the
court (green). We then create two bipartite networks: (B) A network of decisions and words; (C) A network of
decisions and cited legislation. We select relevant words through a process of n-gram extraction and removal
of words with low informational content, whereas we obtain cited legislation directly from the data (Section 2)

The data were provided to us by Tirant Online, one of the largest and most comprehen-
sive databases for judicial decisions in Spain. The corpus provides the full text and a wide
range of metadata extracted by Tirant Online for each judicial decision, from which we
consider the cited legislation and the date of the ruling (see Fig. 1).

Given these data, we encode each decision as two unsorted lists, one of words and one of
law articles. For words, we removed numbers and non-word characters, grouping and sub-
stituting statistically significant n-grams (n = 2, 3) (that is, groups of n words that appear
together very often), and filtering stop-words using an information theoretic approach
[26] that allows us to reduce considerably the length of the word list, while still keeping
the informative terms (see Supplementary Text S2 in Additional file 1 and Additional files
5 and 6). In the case of legislation, we took the full list of cited law articles directly from
the metadata.

2.2 Network-based topic models to characterize the content of judicial decisions
We quantify the content of decisions by modeling the topics for each corpus separately.
Topic modeling is an approach used to classify large textual corpora and quantify content
differences between documents, among other applications, by breaking down the content
of each document into latent topics, which are groups of words used similarly in docu-
ments [27]. Because of the limitations of some of the most commonly used topic model
approaches [28], we use the network-based method proposed by Gerlach et al. [29], which
infers a hierarchical stochastic block model (SBM) from the bipartite network formed by
documents and their words [29] (Fig. 1B and Fig. 2). In probabilistic terms, the inferred
SBM is the most plausible one given the data; in information-theoretical terms, it has the
shortest description length [30], that is, it is the model that best compresses the observed
data. Unlike other approaches, the number of topics and levels in the hierarchy is inferred
from the data rather than chosen manually.
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Figure 2 Hierarchical topic models and decisions as distributions over topics. (A) Using a network-based
topic modeling approach that uses hierarchical stochastic block models [29], we infer hierarchical partitions in
the bipartite network of judicial decisions and words. We show word topics in the housing decisions corpus.
The hierarchical structure of the model is illustrated by expanding a particular topic: from left to right, we take
a topic at the highest level of the hierarchy (level 3) and expand specific sub-topics at successively lower
levels. (At level 3, only the top words in each subtopic are shown.) Topics contain words that are used in
similar contexts, and this similarity increases as we go down in the hierarchy. (B) Given the membership of
each word in a given topic, decisions can be characterized as distributions over topics by measuring the
number of times each word appears in a document (Section 2). For example, topic 131 accounts for 11% of
the words in Decision A, and for 17% of the words in Decision B. We follow the same procedure for the
bipartite network of documents and legislation (Fig. 1 and Fig. S12 in Additional file 1). Likewise, we infer the
word topics and the legislation topics for the other two corpora: homicides and condominium. Tables S1-S4
in Additional file 1 in provide the number of topics at each hierarchical level for each topic model

Similarly, by building a bipartite network of documents and cited legislation, we also
obtain hierarchically-nested legislation topics (Fig. 1C and Fig. S12 in Additional file 1).
Thus, while typically topic models are used to coarse-grain the words in texts, we extend
this practice by concurrently modeling the use of legislation, obtaining two different topic
models for each corpus.

Because topics are organized hierarchically, documents can be modeled with different
degrees of coarse graining. On the one hand, lower levels in the hierarchy tend to describe
very specific concepts (in the case of word topics) or to group together law articles of the
same law (in the case of legislation topics, more than expected by chance, Supplementary
Text S4 and Fig. S2 in Additional file 1). On the other, we find very general topics at higher
levels, containing words that are only vaguely related or law articles of related laws. For
details regarding the number of topics provided by the models at each level, see Supple-
mentary Text S3 and Additional files 7-12. For simplicity, all explanations in the rest of
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this section will refer to word topic models of a specific corpus, but they are equivalent
for legislation topic models.

The model gives the membership of each word to a given topic T�
i at a given level � in

the hierarchy. Then, by counting the number of times each topic appears in a decision,
we obtain the distribution over topics of each decision. Analogously, we obtain the yearly
distribution of topics by considering all the words in all the decisions ruled in a given
year—given a non-informative prior for the parameters of a topic distribution (a uniform
Dirichlet distribution), the posterior yearly distribution of topics is

P
(
T�

i |y) =
ny(T�

i ) + 1
Ny + K�

, (1)

where ny(T�
i ) is the number of times that a word belonging to topic T�

i appears in the
decisions ruled in year y, Ny =
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2.3 Time evolution of topics and Kullback-Leibler surprise
We analyze the time evolution of each topic T�

i by calculating its importance in a given
year relative to its maximum importance across years
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To quantify the extent to which the content of decisions changes, we compute the
Kullback-Leibler (KL) surprise S�

–τ (y) between the yearly topic distribution (Eq. (1)) at
year y and that at another year in the past y – τ :
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Here, DKL(p|q) =
∑

i pi log pi
qi

is the KL divergence [31, 32]. This metric is the relative en-
tropy of a distribution p when expecting another distribution q, and measures the average
log-likelihood of observations being distributed as p when actually they were generated
by q [32].

The KL divergence has been shown to describe cognitive surprise [33] and has been
used to measure dissimilarity between speeches or texts using topic models [22, 34–36],
word frequency models [37] or other low dimensional representations of textual content
[38]. Here, we adapt some of these ideas to measure the extent to which the content of
judicial decisions in one year differs from those in previous years (Eq. (3)).

To account for local temporal changes, we calculate the KL divergence between a topic
distribution and the same topic distribution the year before (τ = 1 in Eq. (3)). To analyze
long-term patterns we compare to the distribution at all previous years in the past.

We evaluate the robustness of our results by comparing them with alternative ones cor-
responding to higher description length models. This analysis shows that there is very
little qualitative variation of our results (see Supplementary Text S5 in Additional file 1).
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We also conducted tests of human-annotated coherence of the topics (see Supplementary
Text S5 in Additional file 1) [39].

2.4 Sampling factor
When computing information-theoretic measures from discrete distributions that have
been learned from data, important biases appear when the size of the sample is far from
the limit N � K , where N is the number of counts (words or law articles in our case) and
K the number of bins in the discrete distribution (topics in our case). Although several
approaches have been proposed to avoid such biases in entropy measures and other related
quantities [40, 41], to our knowledge none have been proposed to address the bias when
measuring the KL divergence. However, the bias depends on the so-called sampling factor
N/K ; therefore, we control the sampling factor to make legitimate comparisons between
different KL measures.

In particular, when computing a given surprise S–τ (y), we use the same sampling factor
for all the years and for each corpora, so that

NH

KH
=

NHO

KHO
=

NC

KC
, (5)

where N is the number of words/citations used to estimate the distribution and K the
number of topics, for each of the three corpora. All measures reported in the manuscript
are averages over sub-samples of the corpus obtained with a fixed sampling factor.

3 Results
We hypothesized that the major social unrest that followed the collapse of the hous-
ing market in Spain should have left measurable footprints in legal documents, and
particularly judicial decisions. Therefore, we analyze the corpus of housing-related de-
cisions looking for these measurable footprints in terms of changes both at the level
of the corpus and at the level of the topics responsible for those global changes. To
that end, we use a combination of network-inference and information-theoretic ap-
proaches (see Section 2). To fully calibrate the changes observed in the housing corpus,
we compare them with those found in the other two corpora, homicides and condo-
minium.

3.1 Word and legislation topics give a global view of the evolution of decision
contents

By representing the yearly topic distribution for both word and legislation topics, we
obtain a global view of the time evolution of the content of the corpora (see Fig. 3;
Section 2, Eq. (1)). By analyzing yearly changes in the prominence of topics, we ob-
serve that for housing-related decisions some topics that were prominent in the first
years were later replaced by others (Fig. 3A-B). For instance, a word topic associated to
leases loses importance, whereas one associated to abusive mortgage clauses gains promi-
nence.

In Fig. 3C-H, we show the overall evolution of the relative importance of topics, for the
housing corpus and our two control corpora, and for both word and legislation topics.
Qualitatively, the importance of word topics in the homicide and condominium corpora
remains very stable throughout the whole period 2001-2018. By contrast, in the housing
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Figure 3 Time evolution of word topics (left column) and legislation topics (right column). For each year y,
we compute the topic distribution P(T|y) (Section 2). (A-B) Time evolution of the importance of some
illustrative topics in the housing corpus, normalized by their maximum importance across years (Section 2).
While some topics decrease in the period 2012-2018, others show the opposite behavior. Topics depicted in
blue reach their maximum importance in early years, whereas orange topics reach their maximum
importance in the final years. Topics that reach their maximum importance in intermediate years are depicted
in gray. (C-H) Evolution of all topics for the three corpora: (C-D) housing; (E-F) homicides, and (G-H) and
condominium. Each layer corresponds to a topic and their thickness corresponds to their relative importance
in a given year. Topics shown in panels (A) and (B) are identified in (C) and (D), respectively. Hierarchical levels:
C, L = 2; D, L = 1; E, L = 2; F, L = 0; G, L = 1; H, L = 0; we show the analogous results for other hierarchical levels
in the models in Figs. S3 and S4 in Additional file 1

corpus we observe a major, systemic shift in topic importance in the period 2013-2016:
Some word topics that accounted for 30% of the words in the decisions in 2011 end up
accounting for over 50% only five years later. Similarly, the evolution of legislation topics is
similar for the three corpora in the period 2001-2012; then a major shift occurs in housing-
related decisions in the years 2013-2016, which we do not observe in the homicide and
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condominium corpora. Indeed, legislation topics that accounted for 20% of the cited law
articles in housing related-decisions prior to 2010 end up accounting for over 60% in 2016.
All these results are robust when using other hierarchical levels in the topic model (Fig.
S3-S4 in Additional file 1). Therefore, we observe a genuine shift in the language and the
legislation used by judges in judicial decisions related to housing in the period 2012-2016,
which we do not observe in other areas of the law.

3.2 Bayesian surprise reveals disruptive periods and topics
As discussed above, we quantify the significance of the changes we observe in Fig. 3C-D by
means of an information-theoretic measure of surprise, the Kullback-Leibler (KL) diver-
gence [31] (see Section 2). When we compare topic distributions corresponding to pairs
of consecutive years (Fig. 4), the KL surprise quantifies the changes that are qualitatively
apparent in Fig. 3. Until 2012, the textual content and the legislation cited in judicial deci-
sions changes, from one year to the next, at rates that are similar among the three corpora.
After 2012, the surprise between consecutive years is considerably higher in housing case
law than in the two control corpora. Remarkably, both word and legislation topics display
a pronounced peak in 2016, which we observe for all hierarchical levels of topics (Figs.

Figure 4 Kullback-Leibler (KL) divergence to measure surprise in the time evolution of topics. We use the KL
divergence to measure the change in the topic distribution on year y with respect to the distribution on:
(A-B) the year before; (C-D) a specific year y′ in the past (for the housing corpus only). Although the number
of decisions per year and the number of topics in the model is different for each corpus, we ensure the
comparability of the results by using the same sampling factor (that is, the same ratio between the number of
words used to estimate a topic distribution and the number of topics in the model; see Section 2). Error bars,
often smaller than the symbols, correspond to the standard deviation of the mean over several sub-samples
using a fixed sampling factor. We compute the KL divergence from the topic distributions at each hierarchical
level within each topic model (see Fig. 2 and Section 2). Here, we show results for the following levels L and
the corresponding number of topics K . (A, C) Word topics for housing: L = 1 and K = 564 word topics;
homicides: L = 1 and K = 688 word topics; condominium: L = 1 and K = 525 word topics. (B, D) Legislation
topics for housing: L = 2 and K = 30 legislation topics; homicides: L = 1 and K = 17 legislation topics;
condominium: L = 1 and K = 27 legislation topics. Results obtained at other hierarchical levels are qualitatively
very similar (Figs. S5-S7 in Additional file 1)
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S5-S6 in Additional file 1). Note that measuring surprise at the lowest levels in the hier-
archy reveals changes occurring in the most specific topics, while doing so at the highest
level reveals changes in the most general ones. Therefore, a consistent peak throughout
levels in the hierarchy implies that the changes occurred around this date stem from a
deep reorganization of topics, rather than a shallow reorganization of sub-topics.

To further characterize the changes occurred in the topic landscape, we also calculate
the KL surprise between the topic distribution in one year and all years in the past. Within
the corpus of housing decisions, this analysis highlights the discontinuity between deci-
sions ruled before and after 2012 and, especially, before 2010 and after 2014 (Fig. 4A-B, Fig.
S7-S8 in Additional file 1). Additionally, this analysis reveals the scope of the shift occurred
in 2016—distributions after this date show high KL divergence with respect to years ear-
lier than 2012, but relatively low KL divergence with respect to 2016, which indicates that
the shift occurred in 2016 persists in the following years.

3.3 Legal interpretation links disruptive topics to landmark decisions and law
modifications

Finally, we investigate the contribution of individual topics to the KL surprise, which al-
lows us to go beyond identifying periods of rapid change in judicial decisions, and to actu-
ally pinpoint the specific topics that most contributed to the disruption in the years around
2016. In particular, we focus on the topics that most contribute to the changes occurred
in 2016: Word topics 108 and 14, and legislation topics 41 and 42 (Fig. 5A and 5B respec-
tively, see also Fig. S9-S10 in Additional file 1). Each topic legal interpretation follows the
words/legislation found in the topic, some of which we include in the following (in italics;
for more details on the content of each topic, see Supplementary Text S3 in Additional
file 1).

When interpreting the topics that disrupt the most, we choose the hierarchical level that
balances internal coherence and level of detail of topics. Indeed, these two qualities be-
have in opposite ways when going from the lowest (finest) level of the topic hierarchy to
the highest (broadest). For instance, if we consider word topic 14 in level 2 (see Fig. S13
in Additional file 1), we observe that some sub-topics present very specific coherence but
very insufficient detail. For example, in the scope of housing, the terms denunciado, de-
nunciante (plaintiff, respondent) only frame the legal analysis in the area of criminal law.
It is only by considering sub-topics (that is, going up in the hierarchy) that we learn more
details that narrow housing criminal law to the light criminal offense of squatting. Un-
fortunately, going too high in the hierarchy makes interpretation more difficult because
words in a topic can become specific to a set of decisions, which can distort the interpre-
tation.

Word topic 108 Words in this topic are typically related to mortgage loan contracts, a
hotly debated subject in the years after the global financial crisis of 2007, when mortgage
enforcement skyrocketed. The increase in the use of such terms around 2016 stems from
the following events. In the well-known case Aziz 2013 [42], the European Court of Jus-
tice (ECJ) established a doctrine involving the Directive 93/13/EEC on unfair terms in
consumer contracts [43]. The directive stated that, in order to protect consumers (con-
sumidores, in Spanish), the validity of possible unfair terms (cláusulas abusivas) included
in mortgage loan contracts (contratos de préstamo hipotecario) could be discussed during
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Figure 5 Topics in housing-related decisions that change abruptly and contribute to disruption in 2016. We
show the weights of each topic (blue line) and their contribution to the Kullback-Leibler (KL) divergence (red
bars) over the years preceding 2016, where there is an important disruption in the content of decisions (Fig. 4).
We show the top-5 topics with the highest contribution to the KL divergence in the selected period for both
word (A) and legislation topics (B). Topic weights correspond to topic distributions at hierarchical level 2 for
word topics, and level 1 for legislation topics. While the weight shows the relative importance a topic has in a
given year, the KL contribution shows the extent to which the importance of a topic is different from the year
before. We show the evolution for all topics in the same hierarchical level in Figs. S9-10 in Additional file 1. The
words and law articles associated to each of these topics can be found in Additional file 7 and 8, respectively

a mortgage enforcement procedure (which, by definition should be fast and efficient, as
all its terms should already had been reviewed by a notary public when the mortgage was
arranged). Since, until then, such a discussion was not formally allowed according to Span-
ish civil procedure law (LEC, articles 552, 557 and 561), that case forced a law reform in
Spain through Act 1/2013, which was still unclear, insufficient and led to further problems
and cases: since 2013, whether the amount of default interest rate (intereses de demora),
the debt acceleration clause (cláusulas de vencimiento anticipado) or the unilateral liqui-
dation of the debt by the creditor (all of them possible unfair terms) were in accordance
with European law, was left to the courts to determine on a case-by-case basis during a
mortgage enforcement. This process ran in parallel with the discussion about the validity
of the floor clauses (cláusulas suelo) in mortgage loan contracts, which was not cleared up
until the decision 9-5-2013 by the Spanish Supreme Court (and, at a European level, until
the ECJ decision 21-12-2016).

The events of 2013 (the Aziz case with the subsequent Spanish law reform, Act 1/2013,
and the doctrine of the Supreme Court on floor clauses) explain the increase in the number
of decisions related to topic 108, with a peak in 2015 (see Fig. 5A) which is consistent with
the 2/3-year delay expected in decisions ruled by courts of appeal with respect to the first
instance case. Additionally, as a counterpart to the increase in the number of first instance
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cases related to this topic (which 2/3 years later arrived to the courts of appeal), after 2013
the number of mortgage enforcements slowed down progressively (from 38,961 in 2013 to
24,555 in 2016) due to non-judicial agreements between mortgagees and mortgagors [44].

Word topic 14 Most of the words in this topic are related to a criminal offense. For in-
stance, we find the words plaintiff and respondent (denunciante and denunciado), which
appear in a criminal procedure to refer to the parties involved (instead of claimant and
defendant that we would find in a civil procedure). Indeed, this topic refers to a specific
type of criminal offense (minor criminal offence, delito leve, was introduced in Organic
Act 1/2015 in substitution for misdemeanors, faltas; articles 13.3 and 4 and 33.4 Crim-
inal Code): non violent (against people) squatting (article 245.2 of the Spanish Criminal
Code). This is because this topic includes references to both what is protected through
this minor criminal offense, which is possession of a property (disturbance of possession,
perturbación de la posesión; possession endangerment, riesgo de la posesión); and to the
role that criminal law should have in this kind of situations, namely, that criminal law
should only intervene as a last resort (principle of minimal intervention, principio de in-
tervención mínima; penal intervention, intervención penal) as far as most situations are, at
least theoretically, protected through civil law using possession claims (article 250 Spanish
civil procedure Law). However, those mechanisms were not effective in protecting own-
ers, many of whom resorted to filing a criminal lawsuit, which most times was dismissed
by judges according to the aforementioned rule of minimal intervention. This situation
contributed to the enormous increase of squatters (see legal interpretation of legislation
topics below) and to a reform of the Spanish civil procedure Law to facilitate the civil way,
which did not arrive until 2018 (by Act 5/2018).

Legislation topic 41 This topic has 96% of the weight in article 245 of the Spanish crim-
inal code, whose Sect. 2 includes the aforementioned minor criminal offense of squatting
(usurpación) of a usually uninhabited dwelling (see word topic 14). The sharp increase in
the use of this article in housing-related decisions in 2016 is also illustrative. During the
first 5 years since the start of the global financial crisis of 2007 there were no legal dis-
positions to stop the crisis or to palliate its consequences, while the ones since 2012 had
been very feeble and non-structural [45]. This fact, coupled with social movements that
supported squatting as a solution to mitigate the housing problem, lead to an increase in
both criminal and civil (forced dispossessions) squatting cases. According to the Spanish
General Council of the Judiciary [46], convictions for squatting-related crimes went from
420 in 2007 to more than 6000 annually between 2016 and 2018; between 2008 and 2018
convictions for squatting grew more than ten-fold.

Legislation topic 42 The most important law article in topic 42 is Article 82 of the Spanish
Organic Law of the Judicial Power (LOPJ), which deals with the functions of the courts of
appeal in the field of criminal law. In 2015, it was modified by Organic Law 13/2015 and
the word misdemeanors (faltas) was substituted by minor criminal offenses (delitos leves),
in the field of criminal offenses related to housing. The second most import law article
in the topic is Article 876 of the Criminal Procedural Law, which deals with the process
of notification of the judicial decision. This Article was also modified to substitute the
same words as in Article 82. Since these two articles account for 80% of the weight in the
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topic (see Supplementary Text S3 in Additional file 1), we can say that the topic is related
principally to the mentioned modification of different criminal law norms.

The aforementioned law articles address very general aspects in the scope of criminal
procedural law, which hinders the task of interpreting the raise in the number of judicial
decisions citing them that we observe. However, knowing that they have been modified in
relation to words that appear in word topic 14, and knowing that the importance of both
topics evolved in parallel (see Fig. 5B, 5G), we can say that the observed raise in the use of
these articles is linked to these modifications. All in all, this is an example of the interplay
between word topics and legislation topics.

4 Discussion
For centuries, humans have left traces of their stories, activities and values in books, news-
papers, and transcribed speeches, among others. Legal documents, such as codes, laws
and, especially, judicial decisions, are particularly useful because they reflect changes in
society and the evolution of the most socially sensitive issues and debates, which are the
ones that end up in court. Our study presents and validates a methodology to exploit the
information contained in digitized judicial decisions and to detect, quantify, and explain
social disruptions from them.

One particularity of our approach is that it can be used to analyze, simultaneously and
coherently, the textual content of decisions and the use of existing legislation by judges.
While words shape the discourse and the arguments, citation to existing legislation sum-
marizes the mechanisms by which judges fit their ideas into the applicable framework at
each point in time; thus the importance of considering both elements. Moreover, while
analyzing word topics only requires linking words to legal concepts, analyzing legislation
topics is more challenging because law articles can be extensive and address very general
aspects. Then, using words in word topics can leverage the interpretation of law articles
present in legislation topics and vice-versa, as shown in our legal analysis. Remarkably,
our results show that social disruption leads to abrupt changes at both levels simultane-
ously, that is, judges change their discourse at the same time that they change the legal
mechanisms by which they justify their decisions.

Using the same topic modeling approach to the cited legislation has the additional ad-
vantage of facilitating explanation. Indeed, law articles, like words, are semantically related
with each other at different levels. In order to produce interpretable results it is crucial to
detect these relationships and reduce the dimensionality of the legislation space; that is,
to go from thousands of articles to hundreds or even tens of legislation topics, as we have
defined them. In other contexts, where legal precedents are more important than in the
Spanish system (for example, in common law countries such as the United States), it may
be appropriate and useful to extend the topic modeling approach to study precedent. More
broadly, using topic models for content elements other than words could also be useful in
different digitized documents such as academic papers, where one could use it to coarse-
grain the list of references by clustering them into topics.

Going back to the use of judicial decisions to analyze social change, we have shown that
our approach provides an accurate and robust description of the shift in the content of
decisions in the case of housing-related decisions in Spain. Our approach reveals that this
shift is not a shallow reorganization of subtopics, but rather a deep change affecting all
levels of the topic hierarchy for both words and cited law. Finally, we have shown that
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the topics responsible for the sharp changes we observe in the content of housing-related
decisions in 2016 can be unambiguously interpreted in terms of the legal and social context
at that time.

Legal documents are, together with religious documents, among the oldest written in-
formation sources that have been preserved through history. Our work shows that it is
possible to extract and interpret information from such documents, and to reveal disrup-
tive societal events. Thus, although we analyzed very recent documents, we hope that our
methodology will be useful to precisely localize and interpret historical events, even in the
distant past.
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