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Abstract

This work presents Knowlex, a web application designed for visualization, exploration, and analysis of legal
documents coming from different sources. Understanding the legal framework relating to a given issue often
requires the analysis of complex legal corpora. When a legal professional or a citizen tries to understand how
a given phenomenon is disciplined, his attention cannot be limited to a single source of law but has to be
directed on the bigger picture resulting from all the legal sources related to the theme under investigation.
Knowlex exploits data visualization to support this activity by means of interactive maps making sense out of
heterogeneous documents (norms, case law, legal literature, etc.). Starting from a legislative measure (what
we define as Root) given as input by the user, the application implements two visual analytics functionalities
aiming to offer new insights on the legal corpus under investigation. The first one is an interactive node graph
depicting relations and properties of the documents. The second one is a zoomable treemap showing the
topics, the evolution, and the dimension of the legal literature settled over the years around the norm of
interest. The article gives an overview of the research so far conducted presenting the results of a prelimi-
nary evaluation study aiming at evaluating the effectiveness of visualization in supporting legal activities as
well as the effectiveness of Knowlex, the usability of the proposed system, and the overall user satisfaction
when interacting with its applications.
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Introduction into account, a complex set of information that are
often difficult to be identified, retrieved, and gathered
in the same context. Once we have the information,
the next step is the analysis of the retrieved materials,
an analysis whose content can vary depending on the
user (scholar, professional, layman, etc.) and the pur-
sued aim: identify and study connections between the
retrieved documents, track the evolution of case law

Social life is regulated by sets of heterogeneous and
closely intertwined legal sources that span from laws
and other legal regulations to administrative measures,
from case law to legal literature: an intricate universe
of documents forming a unitary and complex whole.
Picking the way in this universe is difficult from differ-
ent points of view.

Retrieving and manipulating all the relevant infor-
mation is the first stumbling block. When a citizen tries 1|SFOL, Rome, ltaly
to understand how a given issue is legally disciplined,  2pepartment of Computer Science, University of Salerno, Fisciano
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and legal doctrine over time, find and recover papers
relating to specific topics, and understand which are
the sectors of the legal system on which the norm of
interest has had greater impact. All these analyses can
be crucial in many different fields spanning from aca-
demia to legal professions. Visualization techniques
can represent an interesting innovation in this regard:
they do not simply make easier and more intuitive
information retrieval—a feature that is particularly use-
ful when one has to handle large quantities of data—
but they also offer new insights in the legal world as it
is already happening in many other research fields.
The amount of web-accessible legal documents has
dramatically grown in the last few years, thanks to the
spread of public database that offers free access to laws
and regulations as well as to case law and legal litera-
ture. Unfortunately, these repositories are indepen-
dent, and users have to separately access each of them:
without adequate exploring system, data often remain
in the repositories without exploitation. Moreover, tra-
ditional list-based search engines do not allow contex-
tual visualization of the documents and, more
importantly, do not usually offer analytics tools. In this
scenario, a tool gathering in a single context the most
important legal sources related to a certain topic and
allowing an easy exploration (select groups of data,
aggregate them, and perform comparisons over the
data via an intuitive interface) could be a precious ally
for both legal professionals and laymen.

This work presents Knowlex, a web application
designed for the visualization, the exploration, and the
analysis of legal documents coming from different
sources. Our attention so far has been focused on two
applications. The first one, named “Norm Graph
Navigator,” is the visual browsing of a map that we
define as the “Reference Network of a Norm” (RNN
from now on), a graph-based interactive visualization
of all the legal sources (laws, Supreme Court judg-
ments, constitutional judgments, preparatory works,
and legal literature) connected to a given law. The sec-
ond one, named “Legal Doctrine Treemap,” is a zoom-
able treemap' showing the topics, the evolution, and
the dimension of the legal literature settled over the
years around the norm of interest.

The main contributions of our work are as follows:

e Investigate the effectiveness of information visuali-
zation techniques during the process of analyzing a
huge corpus of legal documents;

® Present a tool, named Knowlex, that both legal
professional and layman can use to analyze legal
documents coming from different and indepen-
dent sources;

e Assess the effectiveness of our visual-based
approach, in terms of time to complete
domain-related tasks and their corresponding

correctness (i.e. reduced number of errors) against
the standard method of performing the same tasks.
We also analyzed the system usability and the over-
all user satisfaction.

The rest of the article is organized as follows.
Section “Related work” discusses some relevant work
in this field. In section “Knowlex: visual browsing and
analytics for law,” we describe Knowlex, its architec-
ture, and its main applications. In section “Evaluation,”
we present the results of a preliminary evaluation study
aiming at assessing the effectiveness of Knowlex, its
usability, and its overall user satisfaction. Finally, in
section 5, “Conclusion and future work,” we conclude
with some final remarks and future directions.

Related work

Our work deals with the exploration of legal database
storing thousands of heterogeneous legal documents.
Knowlex is an experimental attempt to devise innova-
tive ways to support legal search and analysis offering
professional, scholars, and laymen new opportunities
to explore the legal world. Instead of displaying lists of
results, Knowlex exploits interactive visualization to
enable the visual exploration and the analysis of the
repositories’ contents, at the same time, supporting
data filtering and selection tasks.

Actually, recent years have witnessed a growing inter-
est toward the application of visualization techniques in
the legal field, an interest that resulted first of all in the
development of domain-specific tool. Ravel Law? is a
visual search engine designed by two students from
Stanford Graduate School of Design that exploits natu-
ral language processing, machine learning, and graph
visualization to help lawyers in sorting through legal
information. Whereas traditional legal databases present
results in a column, often hiding important cases pages
back in search results, Ravel Law visually represents the
most important cases on a particular topic as the node
of a network, with numerous edges pointing to subse-
quent cases that have cited it. The size of the hub reflects
the relative number of cases that cite it. The frequency
with which courts cite a particular case often signals the
influence of the case over a given area of law or its rele-
vance to a particular legal concept.

Another interesting (even if simpler) experiment is
Lexmex,” an online system developed in France at the
Compiégne University of Technology that allows to
visually display the relations between texts of law. The
attention of the experiment is focused on the French
Civil Code and related legislation; Lexmex “trans-
lates” the legislation in nodes and links: two texts (an
article, a law, decree, or even a prescription) are con-
nected in the graph if one mentions, modifies, or cre-
ates another. For now, Lexmex only includes a single
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“view” on the data, 2928 nodes and 6574 links. The
semantics of the visualization is simple: a node is big-
ger depending on the number of connections it has
with other nodes of the graph. The colors correspond
to the cluster detected by means of an algorithm
allowing to detect of clusters or “communities.” The
clusters detected automatically correspond roughly to
the paragraphs of the civil code. Technically, the tool
incorporates essential functionality for dynamic navi-
gation: zooming, selecting a node on the fly, display
contextual, and search by keywords.

Interesting results can be obtained also with general
purpose tools. Due also to the rise of Big Data, many
solutions have been developed allowing to analyze, dis-
play, manipulate, and explore huge amount of docu-
ments. Radiance,* just to give an example, is a
powerful visual analytics platform offering various
kinds of visualization and allows to visually identify
patterns and relations in large data sets residing also in
cloud services like Office 365, Google, Dropbox, Box,
and Slack. Other examples include both standalone
applications like Vosviewer’ and web-based solutions
like Hypergraph® allowing to generate more or less
interactive visualizations starting from raw data. A major
stumbling block to the use of these kinds of tools in the
legal field is represented anyway by the need of customi-
zations that are more difficult with general purpose soft-
ware solutions. When dealing with legal documents,
customizations are needed for at least three goals: (1)
develop complex workflows for data gathering, since
legal documents often have different structures and for-
mats and are stored in different and independent reposi-
tories; (2) design personalized visualizations tailored for
lawyers, legal scholars, and general audience (with low
legal and technical skills); and (3) implement domain-
specific features (e.g. in-text citation browsing).

In more general terms, all the mentioned tools and
projects can be brought back to the efforts made by
information visualization’ and visual analytics
research®® to allow people to turn data into knowledge
facilitating analytical reasoning by means of interactive
visual interfaces. The issue is connected with “explora-
tory search,” a topic emerged in the information retrie-
val area'®!! that has devoted a great deal of research to
design systems and interaction techniques overcoming
the limits of classical lookup search where the results
are presented in list-based widgets. The idea underly-
ing the exploratory paradigm is to more actively
involve users providing them with a more direct con-
trol over the search process combining the traditional
search activities with higher-level goals (e.g. compari-
son, analysis, synthesis, and evaluation). Exploratory
systems allow users to formulate and reformulate
queries, give information on the search space and clues
for further possible search directions'? allowing the
constant exploration and filtering of retrieved results.*

The way in which the query results are presented plays
a key role in this vein: exploration systems exploit
visualization to display groups of items and provide the
users with an initial overview. Interacting with the
visual representation of the query results, users can for-
mulate new refined queries and update the visualiza-
tion. This interaction (“overview”, “zoom and filter”,
“details-on-demand”) is known as “visual informa-
tion-seeking mantra”.'> A tough problem, in this sce-
nario, is overcoming the limits of classical list-based
widgets that are often unable to effectively show all the
items of large data set and the relationships among
them. Graphs are a first, powerful solution for this kind
of information retrieval problem:'* they not only make
better use of screen space facilitating access to large
amounts of data but also effectively depict both the
structure and the properties of the relations occurring
between the entities displayed (value/dimension of
entities/node connections, subgroups, density of the
network, etc.). Two-dimensional (2D) space-filling
visualization like Treemap, on the other hand, repre-
sents another popular solution to this problem: they
not only provide at a glance intuitive overview of entire
data sets, but they also offer an effective way to visua-
lize intrinsically hierarchical data.'>¢

Knowlex: visual browsing and analytics for
law

In this section, we introduce Knowlex, an online “visual
analytics toolkit,” composed of different modules imple-
mented to experiment new ways of interaction with legal
materials for both professional and scientific purposes.
Starting from a legislative measure chosen by the user,
what we call “Root” norm, Knowlex gathers data from
several sources (discussed later on in this section). Our
work so far has been focused on two modules imple-
menting the basic operations of exploratory search:
overview, navigation, manipulation, and interaction
needed to analyze query results. The first one is the
Norm Graph Navigator, a module allowing to visually
explore the RNN and the documents belonging to it.
The second one is the Legal Doctrine Treemap, a mod-
ule aiming to achieve two main results: visually support
the semantic navigation in the legal literature connected
to a given norm and offer to the user further features for
the analysis of the data. In the following, after a brief
overview of the system sketching both the architecture
and the workflow, we present the functionalities imple-
mented in both modules.

Architecture

Knowlex is based on a client/server architecture, as
shown in Figure 1, with a zero-configuration on the
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client-side, since users have only to type a specific
URL in their browser and start with the interactions.

From the technological point of view, Knowlex
exploits mainstream technologies. On the client-side,
it has been developed using JavaScript open-source
libraries (i.e. Sigma.js, Linkurious.js, and D3.js). On
the server-side, data are gathered through HTTP
requests using cCURL,'” a PHP extension that provides
access to libcurl, a multiprotocol file transfer library.
The server-side scripts are wrappers that parse differ-
ent external sources and produce structured data in
JSON format (a wrapper exists for each source). The
application has been designed so that it can be easily
expanded with new document sources by developing
pluggable wrappers. We support live remote requests
by storing results in a MySQL database (no other net-
work connection is needed). The goal is to build a
time-based cache in order to accelerate the response
time for successive requests. The database also stores
one of the resources used by the application, that is,
the Constitutional Court data set. It is officially avail-
able in XML format and has been converted in
MySQL in order to improve the server response time
and significantly increase performance.

Document base

Knowlex exploits a document base spread over several
online legal databases, whereas each of them is com-
posed of different categories of document and data. In
the following, we will describe each of them, with a

particular emphasis on the extracted information. We
have to remark that in the following, we will refer to a
legislative measure, chosen by an end user, with the
term Root.

Legislation. The integral texts of the laws are retrieved
using “Normattiva,” a public database managed by the
Italian Prime Minister’s Office. Given a law (the
Root), Normattiva provides us with several informa-
tion, such as reference details and full texts of the
norms amending it and reference details and full texts
of the norms citing it. To recover this data, Knowlex
exploits Uniform Resource Name (URN) schema
(named NIR by the research project Norme In Rete'®
during which it has been defined) used in Italy as a
technical standard for the identification and the auto-
matic retrieval of normative documents in electronic
format. The standard makes it possible to automati-
cally build, starting from the reference details of a nor-
mative act, the link to the page containing its full text.
Figure 2 shows data gathered from Normattiva.

Preparatory works. The site of the Italian Chamber of
Deputies (http://www.italgiure.giustizia.it/sncass/) makes
accessible all the documents produced by the
Parliament during the legislative process (the so-called
“preparatory works”) including references to any of the
various materials generated, such as bills, committee
reports, minutes of committee hearings, and parliamen-
tary debates.
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Figure 1. Knowlex architecture and the interactions’ flow between components.
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Figure 2. Example of a search on http://www.normattiva.it. Data gathered about the Root 19 Febbraio 2004, n. 40.

Supreme Court case law. The Italian Court of
Cassation has recently makes accessible online the
database of its most recent provisions (http://www.
cortedicassazione.it). Through a full-text search in the
database, the texts of the judgments that cite the Root
are obtained in PDF format.

Legal Doctrine. Legal Doctrine, the scientific literature
produced by legal scholars commenting, analyzing,
and interpreting rules and judgments are found on
DoGi (Dottrina Giuridica), a reference database cre-
ated by the Institute of Legal Information Theory and
Techniques of the National Research Council contains
references and abstracts of articles published in Italian
legal journals since 1970 (www.ittig.cnr.it/dogi). DoGi
classifies its resources according to a consolidated clas-
sification scheme covering all areas of national (Italian)
law and international law, divided into 24 micro the-
sauri covering general areas of law, each structured in a
three-level hierarchy of systematic descriptors.'®

Constitutional case law. All the decisions (judgments
and orders) adopted by the Italian Constitutional Court

are made available through the institutional website that
publishes a data set structured in XML format contain-
ing the texts of all the Courts’ decisions integrated by a
rich series of metadata (http://www.cortecostituzionale.
it). With the full text of each decision, there is an
abstract of the principle affirmed by the law.

In summary, currently our retrieval process
involves around 720,000 documents: laws (88,336),
Constitutional Court case law (56,518), Court of
Cassation case law (161,269), legal doctrine
(404,827), and preparatory works (16,141).

Workflow

The series of activities in our workflow can be sum-
marized as follows (see also Figure 3):

®  User query. The procedure starts with a query that
uses as keywords the reference details of the nor-
mative act under investigation (law or legislative
decree, year, and number). The query activates a
search inside different databases and data sets.

®  Data gathering. Once the user defines the norm of
interest, that is, the Root, the application, using
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2. Data
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3. Data
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4. Data
visualization
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Figure 3. Application workflow.

server-side wrappers that are called automatically
by the tool, retrieves the data that will be used for
the analysis process.

®  Dara analysis. First, given the web scraping, data
are cleaned from redundancy (e.g. information
that are not needed for the analysis) and potential
errors (e.g. network connections). Depending on
the active module, the related server-side wrappers
are queried, returning a JSON file as result and dif-
ferent kinds of analysis are made (we will describe
them in the following sections).

® Dara wvisualizarion. Using an asynchronous
approach, the application retrieves the data pro-
duced from the server-side wrappers and visualizes
them (through the Norm Graph Navigator or the
Legal Doctrine Treemap) (see Figures 5 and 10).

Norm Graph Navigator

The Norm Graph Navigator module has been
designed with three main goals: (1) visualize and
explore the RNN and all related documents, (2) use
the RNN to experiment visual information retrie-
val?®?! features, and (3) evaluate the advantages of
quantitative analysis and visualization to support
domain experts in the analysis of the impact of a norm
on the legal system over time. The RNN is the net-
work of connected legal sources related to a same
norm, a large group of documents belonging to differ-
ent categories (legislation, case law, legal doctrine, and
preparatory works) produced by different subjects
(parliaments, courtrooms, and legal scholars) often
belonging to different levels of government (from local
to state level) or even to different legal orders and
spread in different publications. In the work so far
done, for practical reasons, we focused on an “opera-
tional” version of the RNN characterized by some lim-
itations compared to the “complete” RNN. The first
limitation is due to the fact that we build the RNN
starting from a law considered as a unique entity. We
know that in many cases, the elementary unit to be
considered for the reconstruction of the RNN is not
represented by the law considered as a whole, but
rather by internal partitions like the article. Anyway,
we were forced to make this choice because of the level
of coarseness of the available data structure and meta-
data. The second limitation is related to the categories
of documents taken into account: we limited ourselves
to considering only the most important documents

Constitutional

Judgments

makes
reference to

is declared
un/constitutional
by

\gmm

is
commented
by

is —
amended
by

is applied and

interpreted by is refel;enced

Court of
Cassation

Judgments

Figure 4. Categories of document taken into account and
their relation to the Root.

(i.e. more relevant in the hierarchy of sources of law)
and the ones more easily attainable: Legislation,
Constitutional Court case law, Court of Cassation
case law, preparatory works, and legal literature. Such
documents give rise to seven different typologies of
relations with the Root that we show in Figure 4.

The Norm Graph Navigator visualizes the RNN
aforementioned connecting in a unique graph different
categories of legal sources and represent them in a net-
work of connections. In this context, relations between
different legal systems at different levels of government
can be effectively represented. The network is repre-
sented by a node graph with radial layout, with a cen-
tral node standing for the Root, and several sectors
around it, each representing a specific category of doc-
uments (see Figure 5).

The number of documents retrieved in each cate-
gory is often high, and therefore, in order to make easy
its readability, we decided to set a threshold limit
(default is 20) for the number of nodes that can be
displayed for each sector. This value can also be custo-
mized according to user preferences as option to pro-
vide (Options form, in the Menu positioned at the left
side of Figure 5).

Beyond this threshold, all documents that have the
same publication year are merged. Thereafter, if
the number of nodes to show is still greater than the
threshold, an iterative hierarchical agglomerative clus-
tering is applied. In each iteration, the two nodes with
minimum distance are merged. The distance is defined
as the euclidean distance of the centroids of the nodes
(using the “publication year” as one-dimensional data-
point). Hence, the linkage criteria used to determine
the distance between nodes is the average linkage.??
The algorithm (also shown in Figure 6) iterates until
the threshold limit is satisfied.
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Figure 5. Norm Graph Navigation GUI. Root: Law 19 Febbraio 2004, n. 40.

The algorithm is applied for each sectors of the RNN.
An application is shown in Figure 7. Finally, we have to
emphasize that the year is of relevance in our case study,
since lawyers conventionally browse/search regulations
according to a chronological criterion. The application of
legal rules is indeed governed by the “tempus regit
actum” principle according to which an act is governed
by the law that is in effect when the act occurs.

Starting from an initial view, the Norm Graph
Navigator allows users to manipulate the graph (zoom,
drill-down and roll-up, drag and drop) exploring the
RNN and its components. By clicking on a node, the
focus switches from the general overview to the active
node. We show both contextual information (docu-
ment data) and, if needed, the full text of the selected
documents. When the node represents a cluster of
documents, the user can explode it and browse its
content. The graph can be filtered to show a single
sector in order to focus on a specific category of docu-
ments. Furthermore, the user can explore the sector of
norms cited by the Root and he or she can also con-
duct iteratively an in-depth navigation in order to
identify all norms cited by each of them. The user, in
this way, is able to reconstruct backward in time, the
path that has led him to the norm searched. As an
example, as we can see from Figure 8, the Root cites
the norms in Level 1. Starting from the Law A in
Level 1, the user can explore all the norms cited by it
in Level 2, and so on.

The data collected can be exported in an HTML or
PDF report. Users can also take a snapshot of the
graph saving it in JSON format.

The Norm Graph Navigator also contains an inter-
active mixed (i.e. line chart and bar chart) chart, as
depicted in Figure 9, showing the temporal distribu-
tion of the documents connected to the Root. Largely
inspired by a computational and quantitative approach
to the investigation of legal problems,?> 2> the module
has two main goals: on one hand, allow users to
observe a quantitative representation of the trends in
the production of documents connected to the Root;
on the other hand, support domain experts in evaluat-
ing the impact of the Root norm on the legal systems
on the basis of objective indexes. We indeed believe
that the evolution and the nature of the impact of a
norm can be partially inferred, thanks to an even sim-
ple representation depicting, year by year, the quantity
and the categories of documents (judgments, doctrine
articles, etc.) connected to the Root.

Legal Doctrine Semantic Navigator

The Legal Doctrine Semantic Navigator, as shown in
Figure 10, is an attempt to visually support a semantic
navigation of the legal literature connected to the
Root. A tough problem, for users trying to pick their
way in an often overwhelming legal literature, is to find
relevant materials (for scholarly or professional use)
when they are not thinking to a specific and known
paper, but they simply have an idea of the topic of
interest. Classification schemes (vocabularies of hier-
archically structured descriptors) help users dealing
with this kind of issue allowing them to make queries
using simply a term that semantically defines the scope
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of the research. Thanks to classification schemes,
often used in legal reference database like DoGi, the
search becomes a step-by-step semantic process based
on the use of more and more specific search keys.
Against this background, we decided to exploit the
potentialities of Treemaps’ that, as highlighted above,
are a perfect fit to ease the navigation of hierarchical
structured data.

In the Legal Doctrine Semantic Navigator, users
can interactively explore the legal literature data set
through an in-depth navigation'* of the topics per-
forming drill-down and roll-up operations. The docu-
ments are categorized by the DoGi classification
scheme as explained in the “Document base” section.
The treemap is generated by processing the list of doc-
trine articles according to the following algorithm (see
also Figure 11):

® Analysis of the classification of each document.
®  Tree population. A node is created for each classifi-
cation topic hierarchically (the papers with tag
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Hierarchical clustering
Year clustering Agglomerative ‘year’ clustering
13 Nodes 7 Nodes 4 Nodes
Norm 10/1990
Norm 11/1990
Norm 12/1990 Cluster 1990 (3)
Norm 13/1991 Cluster 1991 (2)
Norm 20/1991 Cluster 1999 (1) | Cluster 1990-1991 (5)
Norm 13/1999 Cluster 2000 (2) Cluster 1999-2000 (3)
Norm 23/2000 Cluster 2005 (2) Cluster 2005 (2)
Norm 25/2000 Cluster 2013 (1) Cluster 2013-2015 (3)
Norm 13/2005 Cluster 2015 (2)
Norm 14/2005
Norm 20/2013
Norm 15/2015
Norm 16/2015

Figure 7. Application of the clustering algorithm. The
initial set was composed of 13 nodes. After the application
of the year clustering, the number of nodes becomes 7,
while the iterative clustering will reduce the initial set to 4
nodes.

Law B
Root

xt

LEVEL 1

A\
_/

Figure 8. In-depth search. Starting from the Root, users
can explore the path of the cited norms, level by level,
until the searched one.

“Civil law” are associated with the node “Civil
law™).

e Tree processing. The resulting tree is processed in
order to obtain statistical data, and the treemap is

composed according to them.

Every aspect of the treemap is defined according to
a specific metric and conveys information. The size of
each sector is proportional to the percentage of articles
associated with it compared to the total amount of
papers for each level. The sectors are distributed
according to a descending order from the biggest (top-
left) to the smallest (bottom-right). Each level of the
treemap has a different color gradient palette. The
color of each sector is chosen using the statistical
mode calculated according to the feature “publication
year”: each sector takes the color associated with the
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visualization by simply clicking on the corresponding series label shown in the Legend.
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Figure 10. Legal Doctrine Semantic Navigator.

year of publication with greater frequency (the newer
year the darker in the related palette). Watching the
size and the color of the sectors, the user could deduce
in which sector of the legal literature (and therefore,
somehow, of the legal system) the Root norm had
major impact (see Figure 12).

The Legal Doctrine Treemap user interface, as
shown in Figure 10, shows the treemap and the
options allowed by the module. While exploring the
map, the user can see the list of related documents of
the active sector in section “Current view.” There is
also a “Clipboard” section in which the user can create
customized lists of documents according to the areas

of jurisprudence of interest and export them in custom
report in PDF format.

Evaluation

In this section, we first describe the methodology
that we employed for our evaluation study; after-
ward, we discuss the results obtained when a group
of 13 students was involved in testing Knowlex. In
our evaluation study, we followed the standard
human—computer interaction (HCI) methodology,?°
commonly applied in different contexts,?”?® as well
as visualization.?° !
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Figure 11. The topic tree generation process. How data can be represented and then visualized to users.
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Figure 12. A sector of the treemap. The color matches
the color gradient in corresponding value of 2014.

Method

The objective of this study was to explore the intuitive-
ness and the effectiveness of Knowlex when a huge
amount of legal documents, from different sources,
have to be accessed and analyzed to understand how
given issues are legally disciplined. Specifically, we
compared the “Enhanced” approach that exploits the
functionalities provided by Knowlex against the
“Standard” approach, generally employed to perform
this process. Specifically, the Standard approach con-
sists in making a set of independent queries on differ-
ent databases without any kind of visual support for
the end users.

We analyzed the usability of the tool and the overall
user satisfaction. We also studied the relationships of
users’ intentions to use the tool with selected con-
structs from technology acceptance model (TAM)
model,?? such as their attitudes, perceived usefulness,
ease of use, and finally, playfulness.

The study was conducted in a computer science
laboratory of the Law department at the University of
Benevento. The study envisioned three different
phases in which we carried out: (1) a Preliminary
Survey, (2) a Testing Phase, and (3) a Summary

Survey, as defined in other contexts.>>>* At the begin-
ning of the evaluation, participants were briefly intro-
duced to the purpose of the study and the upcoming
tasks. In the first phase, we collected information
about demographics, technical information communi-
cation technology (ICT) experience, and familiarity
with visual navigation tools. In the Testing Phase, we
asked users to perform 7 tasks for each approach, for a
total amount of 14 tasks performed by each
participant.

To mitigate the impact of individual differences and
to increase the output of the test results, a within-
group design®® was selected, and therefore, each parti-
cipant tested both conditions (Enhanced and
Standard). However, to mitigate learning and fatigue
effects, the tested approaches were counterbalanced
and tasks randomized. Specifically, seven participants
first tested the Enhanced approach and then the
Standard approach, while for the second group (six
participants), we reversed this procedure. We fixed a
time limit (90 min) for testing each approach. The
order of the tasks was not fixed, each user could
decide which task to execute first, and to go forth and
back among the administered tasks. Tasks were chosen
by interviewing five field experts. At the end of each
task, we asked participants to rate its easiness. A
description of the tasks is shown in Table 1. At the
end of the Testing Phase, we asked users to spend
another 10 min to answer to Technology Acceptance
Model (TAM) questionnaire.

Further 15 min was required to fill out the standard
Computer System Usability Questionnaire (CSUQ),>’
the standard Questionnaire for User Interface
Satisfaction (QUIS),*® and finally, a Summary ques-
tionnaire. The goal of these standard questionnaires is
to evaluate system usability and user satisfaction. The
Summary questionnaire asked users to express their
general opinion about the intuitiveness of the
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Table 1. Tasks submitted in the Testing Phase.

Task # Question

Task 1 Define and analyze the legal context of the Root by identifying all the norms in it cited and the number
of citation for each norm
Given the Law n. 40 of 19 February 2004, list all the norms cited by the Root and the number of
citations for each norm

Task 2 Make an in-depth exploration of legal context of the Root identifying the norms cited by the norms
cited in the Root
Given the Law n. 40 of 19 February 2004, identify, among the norms cited by Root, those that
contain within them the highest number of normative references

Task 3 Retrace the historical evolution of the legal context taken into account identifying all the amendments
introducing changes in the Root norm
List all the amendments to Law n. 40 of 19 February 2004

Task 4 Find the way through the case law generated by the Root norm
Retrieve all the relevant data (case number, Judge-rapporteur, name of the parties, etc.) of the
last judgment by the Italian Supreme Courte of Cassation about the Law n. 40 of 19th February
2004

Task 5 Reconstruct the background of the Root norm retrieving its preparatory works
Retrieve the preparatory works of the Law n. 40 of 19th February 2004

Task 6 Explore “by topic” and analyze the legal doctrine connected to the Root norm
List the number of legal doctrine papers written about the Law n. 40 of 19th February 2004 that
discuss the issue of maternity protection

Task 7 Identify the profiles of the Root norm that have been more discussed by the legal doctrine

Identify the legal profiles of the Law n. 40 of 19th February 2004 (e.g. those related to Civil,
Administrative, or Labor law) that have been more discusses by the doctrine

functionalities provided by Knowlex. The adminis-
tered questionnaires were made available online
through Google Form (https://goo.g/vNEODX).

Participants were recruited from students of a
course at the Law Department of the University of
Benevento, and they were not compensated for taking
part at the evaluation study. Participants were also
informed that all the information they provided would
remain confidential.

Non-parametric tests were applied to study differ-
ences between the visualizations. The Shapiro—Wilk
goodness-of-fit test was used to assess the normality of
data.?” Using regression analysis, we analyzed the
influence of the independent variables’ usefulness, ease
of use, attitude toward the use, and playfulness (PU,
EOU, ATT, PP), on the dependent variable behavioral
intention (BI). The internal consistency reliability
among the multi-item scales was examined with
Cronbach’s alpha.® Finally, questionnaire responses
were analyzed using SPSS version 20.

Results

Results of the Preliminary Phase showed that the sam-
ple was mostly female (i.e. 23% male, 77% female)
with a mean age of 22 (standard deviation
(SD) = 3) years. The education level included 85%
with a bachelor degree, 15% with a master degree in
Law. Finally, 38% of the participants were acquainted
with computers, while only 30% had used software
tools to perform visual navigation of the norms.

In the second part of the study, we collected perfor-
mance data, in terms of time to complete the tasks
and the overall accuracy (error rate). We also consider
the error rate as indicator of performance, since the
completion time could also refer to situations in which
questions were wrongly answered.>® Finally, the error
rate was calculated for each task by considering the
number of uncorrected responses over the total num-
ber of responses. The completion time and the error
counts are shown in Figures 13 and 14, respectively.

As we can see from Figure 13, the completion time
for tasks performed with Knowlex is significantly
lower than time obtained with the Standard approach
@ < .05).

We did not show the results for the remaining tasks,
since the participants who tested the Standard
approach were not able to complete them in a reason-
able time (to remain within 90 min to complete the
assigned tasks®®). We have to emphasize that when
participants used Knowlex, they were able to complete
them in an average time of 109, 271, and 110s,
respectively.

As we can also see from Figure 14, the analysis of the
accuracy revealed that the Standard approach implies a
large number of errors with respect to the Enhanced
approach. Moreover, as anticipated before, the percent-
age of abandonment, as shown in Figure 15, was very
high for participants testing the Standard approach (as
an example, anyone was able to complete the Task 7).
The main reason about that was the complexity of the
task (with a consequent increased time to complete it)
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Figure 13. Performance data: completion time.

when it has to be performed without the help of any
supporting system.

The analysis of the software usability showed that,
on average, all posed questions were rated very posi-
tively, by highlighting how participants were highly satis-
fied with the software proposed (see Figure 16).
Additionally, from the CSUQ questionnaire, we derived
that, on average, participants have highly rated the easi-
ness, clearness, and usefulness metrics (M = 6.7, 6.8,
6.5; 7-point Likert scale, Cronbach’s « = .81).

In order to identify which variables influenced the
use of Knowlex, a regression analysis was carried out.
The dependent variable was the BI to use metric. The
independent predictor variables were the TAM sub-
scales (i.e. usefulness, ease of use, attitude, and play-
fulness). The regression analysis in Table 2 shows that
good predictors for the BI to use were the usefulness
and the attitude toward the use.

Attitude toward a behavior is defined as an individ-
ual’s positive or negative evaluation of performing the
behavior. Our result shows that a positive attitude
toward the proposed software as well as its usefulness
could influence its final adoption.

Finally, as result of the Summary Phase, we found
out that participants agreed with the intuitiveness of
the Norm Reference Network (M = 4.5, SD = .5)
and with the facilitation provided with the treemap in
searching interpretation articles related to norms
(M =4.7,SD = .5).

Conclusion and future work

In this article, we presented Knowlex, a web app-
lication integrating two modules designed for the
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& 60%
t 46% 46%
S 0
3 40% 31% 31%
20% 15%
0% § 0% 0% 0% 0% 0% 0% 0%
0%
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Figure 14. Error rates for both approaches. Errors were
made by participants testing the Enhanced approach only
for Task 2.
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Figure 15. Percentages of unanswered responses.
Participants testing the Enhanced approach completed all
given tasks.

visualization, the exploration, and the analysis of legal
documents coming from  different  sources.
Understanding the legal framework relating to a given
issue often requires the analysis of complex legal cor-
pora made of heterogeneous categories of documents.
When a legal professional, a citizen, or a student tries
to understand how a given phenomenon is disciplined,
their attention cannot be limited to a single source of
law but has to be directed on the bigger picture result-
ing from all the legal sources related to the theme
under investigation.

Knowlex exploits data visualization to simplify this
activity by means of interactive maps making sense out
of heterogeneous legal documents (norms, case law,
legal literature, etc.). As shown by the conducted pre-
liminary evaluation, the attempt to exploit visual analy-
tics to support the retrieval and the analysis of complex
legal corpora appears to be promising. Results of our
study showed that by providing support to users
through a visualization approach, they were able to
accomplish their tasks quicker and in a more effective
way. Moreover, attitude and usefulness were signifi-
cant variables in increasing the software’s acceptance.
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Table 2. Results of linear regression analysis.

Predictor variables B SE (B) B t value p value
(Constant) 1.036 2.772 374 .718
Usefulness —.554 195 —5.27 —2.839 .022
Ease of use 1.082 .578 —.398 —1.870 .098
Playfulness WA .218 363 2.038 .076
Attitude 1.914 439 1.092 4.361 .002

B: unstandardized coefficient; B: standardized coefficient; SE: standard error; adjusted R? = 90%.
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Figure 16. QUIS results. Rating on a 10-point Likert scale,
Cronbach’s « = .88.

Future developments we are thinking about unfold
in different directions. The first one is represented by
a enhanced and more complete version of the RNN
realized through the following: (1) the enlargement of
the document base, so to include in the search other
categories of documents (for instance, judgments
adopted by lower courts or European Union (EU)
legal measures) and (2) the evaluation of semantic ele-
ments making it possible to better identify content
links between the different sources going beyond expli-
cit normative references. For this purpose, we will
focus first of all on the semantic metadata already
associated with the documents taken into account by
Knowlex (like the descriptors of the DoGi classifica-
tion scheme'? or the descriptors of the thesaurus used
by the Chamber Senate), a choice that could better
disclose implicit relations between RNN documents.
The second one is the implementation of new func-
tionalities aiming to support the analysis of specific
characteristics of the retrieved documents (e.g. rele-
vance, evolution) and of their mutual relationships
(e.g. pertinence) by means of more advanced tech-
niques and network analysis metrics (clustering and
community detection algorithms).

Finally, results of the performed preliminary evalua-
tion are really encouraging, and for that reason, we are

currently planning a larger evaluation study to com-
pare different visualization techniques and allow parti-
cipants (domain experts and general audience), with
diversified technical skills and background knowledge,
to rate the best in terms of both performance and aes-
thetic choices. We were interested in analyzing the
effectiveness of colors to convey information as well as
the aesthetics choices in terms of color, shapes, and
type of lines (dotted, continuous, dashed), given their
role in improving efficiency, effectiveness, and
attractiveness.*%*!
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