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Abstract: Since there are growing concerns regarding online privacy, firms may have the risk of
being involved in various privacy infringement cases resulting in legal causations. If firms are
aware of consequences from possible cases of invasion of online privacy, they can more actively
prevent future online privacy infringements. Thus, this study attempts to predict the probability
of judgment types caused by various invasions within US judicial cases that are related to online
privacy invasions. Since legal judgment results are significantly influenced by societal factors and
technological development, this study tries to identify a model that can accurately predict legal
judgment with explainability. To archive the study objective, it compares the prediction performance
by applying five types of classification algorithms (LDA, NNET, CART, SVM, and random forest)
of machine learning. We also examined the relationship between privacy infringement factors and
adjudications by applying network text analysis. The results indicate that firms could have a high
possibility of both civil and criminal law responsibilities if they distributed malware or spyware,
intentionally or non-intentionally, to collect unauthorized data. It addresses the needs of reflecting
both quantitative and qualitative approach for establishing automatic legal systems for improving its
accuracy based on the socio-technical perspective.

Keywords: online privacy invasions; personal information infringements; predicting judgments;

predictive analytics; privacy act; network text analysis

1. Introduction

Prediction of legal judgment is a long-lasting topic in the theory and practice of law to
improve judicial consistency, access to justice, and administrative efficiency [1]. Therefore,
various methods and techniques have emerged over time, including simple calculative
models to highly advanced analytical algorithms to predict legal judgements. There have
been a wide range of approaches attempted; in particular, artificial intelligence (Al)-based
approaches have been increasingly utilized, with the recent advent of Al

Legal decision systems have been established, based on Al, by predicting verdicts
automatically to support lawyers.

A legal automation system called Al lawyer was invented to predict verdicts in
the United States on May 2016, and since, constant efforts have been made to develop
its accuracy. It reads a vast number of judgment documents and analyzes the contents
based on a special algorithm to draw decisions to judge a case automatically. It becomes
more difficult and time consuming for human lawyers to sentence correct verdicts in
legal judgments, because there have been significantly increased numbers of lawsuits in
the recent past. Thus, there is a growing need to develop systems for predicting legal
judgments precisely based on a vast number of legal precedents, with the emergence of
these Al lawyers and automatic legal systems based on big data. However, there is little
research on big data analytics in the field of law. Therefore, our aim is to provide an Al
model for establishing a system to predict legal judgments with explanability by identifying
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factors with high potential to cause privacy infringements and thus constitute illegal acts,
as well as to compare the performance of predicting judgments.

This study focuses on the judicial cases related to privacy infringements caused by
firms [2]. Since online privacy infringement cases cause severe legal consequences for
firms, it is important for them to be aware of various privacy infringement with legal
liability. In addition, as the number of online privacy invasion cases is predicted to increase
and become more diverse, the development of an automated predictive model for legal
decisions can significantly reduce the efforts of legal practitioners as well as companies.
Therefore, this study is devised from the motivation to suggest the foundation for applying
and interpreting a predictive model from a socio-technical perspective, along with deriving
an optimal judgment model.

Legal cases related to privacy infringement are outcomes of interactions between
society and technological factors, since the cases often comprise violation of law, human
errors, personal information owners’ perception, etc. It means that recent privacy legal
cases have shown different characteristics from other legal incidents. For example, the
case of stealing someone’s property is always considered illegal, regardless of time and
space. However, in most privacy infringement cases, it is very difficult to clearly iden-
tify a responsible party. Legal cases regarding improper usage of adware to invade an
individual’s privacy is a representative case that demonstrates that legal judgments may
be influenced by technological and social environmental factors. Therefore, this study
applied NTA (network text analysis) method, which has been used in sociology to reflect
social influences [3]. In addition, we performed a comparison of Al models, including LDA
(linear discriminant analysis), NNET (neural network), CART (classification and regression
tree), SVM (support vector machine), and random forest, to identify a model with high
prediction accuracy. The results of this study provide the foundation for developing an
automated legal prediction system that could consider influences from social and technical
factors that past research did not consider. This study is conducted in the following steps.
The discussion of an extensive literature review of judgement prediction and algorithms
for online privacy is performed in Section 2. We introduce the collected data, the charac-
teristics of our collected data, and the five classifications methods (LDA, NNET, CART,
SVM, random forests) for predicting in Section 3, the research method section. In Section 4,
the comparison of the performance of each model is presented. In Section 5, constructed
networks of legal judgments by NTA are discussed. We suggest concluding remarks, as
well as contributions and limitations of this study, respectively, in Sections 6 and 7.

2. Related Works
2.1. Prediction of Legal Judgments

The advancement in natural language processing and machine learning is contributing
to predictive models that identify various patterns in judicial decisions. Related studies
in predicting legal judgments mainly take two approaches: increasing the accuracy of
predictions under the present algorithms or predicting the outcome of future legal disputes
by using statistics and Al in real judicial cases.

A prediction model based on contiguous word sequences (i.e., N-grams and topics)
has up to a 79% rate of accuracy and is now applied to cases in the European Court of
Human Rights [4]. Prior research mainly focused on textual information. However, IBP
(issue-based prediction) has recently been used to predict legal outcomes. Although IBP is
similar to previous computer models, in that it predicts legal judgments based on statistics
and Al it has an ability to draw an overall prediction through testing assumptions [5].
When IBP is applied to a legal case, it establishes favorable assumptions for each participant
in the case. To verify the assumption, IBP infers large numbers of past legal judgments [6].
A new model, CNN-BiGRU, is suggested to have better prediction than a single CNN or
RNN model [7], and we propose the generalized Gini-PLS algorithm, which is based on
the simple Gini-PLS model, to develop a judicial prediction system [8].



Appl. Sci. 2021, 11, 11080

30f16

2.2. Algorithms for Protecting Online Privacy

Research on online privacy has focused on personal information that can be leaked
in an e-commerce environment and online social networks [9]. These days, a massive
amount of personal information has been collected and managed online, and it has raised
privacy concerns about how to manage these data appropriately [10]. Fast-developing IT
technology also causes various types of privacy invasions, which could further increase
related incidents. Online privacy studies in the field of engineering provide technical
measures and prediction algorithms against privacy invasion. A study by Hanguang and
Yu [11] developed a web-based intrusion detection system to identify external attacks and
improve the overall performance of the detection system through an algorithm, Apriori.
One study designed a system to detect personal information stored in a user’s PC and
evaluated the impact based on the possibility of data breach [12]. The research of Blei and
Ng [13] explored topic modeling techniques to develop an algorithm for a privacy invasion
forecast system. Further, as there are growing concerns about re-identification of personal
data online, related research is also being actively conducted [14].

A lot of research has been conducted to determine a method to protect online privacy
by developing protection techniques such as differential privacy (DP), which has been
introduced to preserve privacy in datasets [15,16]. It is defined as a way of circumventing
the problems of an adversary with auxiliary information and provides the level of privacy
with superior performance [10]. DP was based on a probability model with a set of
conditions that need to be met to guarantee that auxiliary information will not result in a
privacy breach [17,18]. It has the ability to create useful statistics by itself, while the users’
privacy is maintained in a database [19].

A new algorithm has recently emerged for lowering error by adapting to properties of
the input data, so-called data-dependent algorithms [16]. Pythia proposes a meta-algorithm
that does not need to understand valid algorithms or identify the subtle properties of input
data [10]. Functional dependency (FD) is based on preserving probabilistic encryption
scheme. It considers the frequency analysis (FA) attack and the functional dependency
preserving chosen plaintext attack (FCPA) for protecting sensitive information in the
outsourced data while preserving the data dependency for the data owner [20].

K-anonymity, K-privacy, and K-support techniques have been applied to data to
protect the privacy of the outsourced database and the mined the association rule [17].
However, these techniques have a shortcoming, in that they are relatively expensive. To
overcome this drawback, Yi and Rao [21] proposed a solution by performing association
rule mining on the encrypted data in the cloud and returning encrypted association rules
to the user in the same time. The data-cleaning-as-a-service (DCaS) paradigm makes users
outsource their data and attain a data cleaning service by third-party service providers [20].
However, this paradigm raises the issue that it cannot be guaranteed that their private
information in the outsourced data is fully protected. To solve this problem, Dong and
Liu [20] designed the privacy-preserving data-deduplication-as-a-service (PraDa) system,
focused on data deduplication, which is the most vulnerable in data cleaning problems.
By providing privacy assurance against both the known-scheme attacks and frequency
analysis, PraDa secures the server to find duplicated records from the encoded data [20].

Previous studies have predicted judicial decisions by focusing only on textual informa-
tion without considering the social environment. That is, the adjudication is predicted by a
fixed the pattern between words and decisions, which is constructed based on a specific
word frequency. It is also made without including the characteristics of various online
privacy intrusion factors. To overcome the limitations of prior studies, this study attempts
to predict the judgments in a social context, focusing on each factor of online privacy
invasion, and finally, to provide the explainability of our prediction models. To this end,
we intend to establish a social network of the judgment and each factor of online privacy
intrusion and provide a foundation for explaining how each factor affects the judgment.
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3. Research Method
3.1. Data Preparation

The Privacy Act in the United States takes different approaches to the public sector
and the private, unlike other regions such as Europe. This sectoral approach has the
advantage that the law can promptly respond to new social issues and IT. Online privacy
invasion factors vary by environment, so this study selected the legal precedents of the
United States, which adopted a sectoral approach as the target of analysis. Therefore, this
study analyzed United States judicial cases, which were collected from Westlaw database.
Westlaw is a database that contains legal documentary data in the U.S. It classifies data
based on key issues of judgments [22]. Among various classification items, this study
collected 1098 cases of legal precedents (from January 2000 to December 2018) to obtain
judgment documents related to privacy invasions.

We collected data from Westlaw, which include only federal law precedents among
numerous online privacy invasions across the United States. A federal law is applied to
the nation as a whole and to all 50 states, whereas state laws are only in effect within that
particular state. Therefore, in this study, only the precedents that have been sentenced
based on federal law were selected for analysis, as that can be applied equally to all states
in the United States. The reason that only cases sentenced by federal law are selected for
this study is that it focuses on online privacy invasions that occurred in a virtual online
environment without physical territorial limitations. In other words, this study deals with
cases sentenced by federal law, regulating without physical territorial restrictions to reflect
the features of online spaces rather than dealing with sentences under state law, including
the regional characteristics in which the case occurred. Therefore, it is expected that the
results of this study can be applied to online privacy infringement cases occurring across
the United States without distinction of state law.

Table 1 shows the numbers of the legal precedents each year we collected from Westlaw.
The highest number of sentences related to online privacy invasions were decided under
federal law in 2012 with 87, followed by 83 in 2018.

Table 1. The Numbers of Precedents of Each Year.

Year Precedents  Year Precedents  Year Precedents  Year Precedents
2000 42 2005 41 2010 51 2015 51

2001 53 2006 54 2011 53 2016 56

2002 62 2007 44 2012 87 2017 77

2003 61 2008 74 2013 56 2018 83

2004 52 2009 49 2014 62

To examine the interconnectivity between the words extracted from text preprocessing
and judgments related to privacy invasion, they were classified into two groups as follows.
First, actual malicious codes generated to collect personal data from other PCs without the
users’ consents are classified as “type of privacy invasion”. Second, words relevant to the
actual adjudication of precedents are classified as “type of privacy invasion judgment”.
The authors classified those words into 2 categories according to the research’s main
objective. For example, “type of privacy invasion” mainly consists of techniques that
hold possibilities of privacy threats. The case of “type of privacy invasion judgment” is
composed of terminology (i.e., conviction, compensation, innocence) that is usually used
in verdicts for presenting the results of litigations. Table 2 shows that words are finally
extracted to construct networks and provide meaning.
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Table 2. Definition and Frequency of Privacy Invasions.

Type of I{nvacy Definition and Characteristics Frequency
Invasion
Adware Refers to software that randomly shows advertisements to 124
users but can also be used to collect personal data [23]
An action causing damage to the other party’s company
by invading the user’s PC through the internet. It is used
Cyberattack as a general term for illegal access behaviors [24] 79

A type of cyber terrorism such as leaking personal data or
crashing websites for political or social purposes [25]

A program that causes failures in system operation,
Malware acquires unauthorized access to data collection or system 195
resources, or is used for other acts of invasion [3]

Refers to for-profit advertising data that are sent in
unsolicited bulk, without consent, to devices such as

Spam email or cell phones of users of information and 212
communication services [26]
Sovware Software that collects personal data after being installed 137
Py without the user’s consent by deceiving the user [27]
Acts of destroying order in cyberspace that threaten
Vandalism personal data by posting another person’s data with 45

misuse of anonymity or through defamation of a
specific person [28]

An illegal program that destroys important data or
Virus software by invading the user’s system or expanding 184
damages through self-replication, using a network [29]

Types of privacy invasion judgments include conviction and innocence representing
adjudication in terms of criminal law, and imprisonment, penalty, and probation, which
are criminal punishments. Imprisonment is a measure that restrains a person’s freedom by
confining the suspect or convict in a restricted space such as a detention center or prison;
it indicates a prison sentence or confinement. Probation is a system that improves and
rehabilitates the criminal under certain supervision and guidance with a free social life,
without confining him or her in prison.

3.2. Classification Techniques in Machine Learning

Machine learning is a vast interdisciplinary field, which is based on concepts from
statistics, computer science, cognitive science, engineering, optimization theory, and many
other disciplines of mathematics and science. In machine learning, supervised learning
algorithms—Ilabelled training datasets—are used first to train the underlying algorithm.
This trained algorithm is then provided on the unlabeled test dataset. Supervised learning
algorithms that deal with classification include the following five representative algorithms:
LDA (linear discriminant analysis), neural networks (NNET), classification and regression
tree (CART), SVM (support vector machine), and random forests. This is used for classifica-
tion analysis through a learning algorithm that makes predictions for unexperienced or
future data. Classification predictive modeling in machine learning is an approach used to
predict binary data. It is an approach that is used for purposes such as classifying emails
into “spam” or “non-spam” to filter them automatically [30] or to predict whether it will
rain or not [31]. Furthermore, classification predictive model has been widely used in
various fields, for example, to predict whether to buy or not, whether or not customers
belong to a group membership, or to classify images into two groups.

We select five state-of-the-art classification algorithms (i.e., LDA, NNET, CART, SVM,
random forests) for which performance of binary classification has been verified on text
data as well as numerical data among various models. The reason for adopting those



Appl. Sci. 2021, 11, 11080

6 of 16

five algorithms is, first, as the primary purpose of this study is to compare the legal
judgment prediction performance of various binary classification models, it is necessary
to adopt models that have been repeatedly verified in relatively various fields. Secondly,
considering our data set, models that were not suitable for best performance in our data
set were excluded. Traditional binary classification models such as logistic regression
or stochastic gradient descent were not adopted in this study, as they rarely show high
predictive performance rate compared to the other binary classification models in a small
dataset, although they have been verified and improved over a long period [12]. The main
purpose of this study is to discover the best prediction performance for legal predictions,
since the number of our data sets in terms of cases number itself are relatively smaller
than other studies using Al algorithms; algorithms such as logistic regression or stochastic
gradient descent were not suitable, as they cannot used for self-training data set [12]. Naive
Bayes classifier is also not applied to this study, since Naive Bayes model is not appropriate
for data with binary values such as 0 and 1 due to the zero frequency problem [32].
We finally adopt five representative classification algorithms in supervised learning as
LDA, CART, NNET, SVM and random forests in this paper among various models for
binary classification. In the following paragraphs, each classification algorithm adopted
in this study will be introduced in order of the logical flow of each definition and model
construction process. It also includes the process for performing classification prediction in
accordance with the purpose of this study.

3.2.1. Linear Discriminant Analysis (LDA)

Fisher’s linear discriminant analysis (LDA) constructs discriminant functions that
estimate discriminant values for each of subjects classified into a certain group from
linearly independent predictor variables [33]. These discriminant weights are calculated by
ordinary least squares, so that the ratio of the variance within the A groups to the variance
between the A groups is minimal [34]. The decision boundary defined by LDA is linear,
and that defined by QDA is quadratic. LDA is limited in flexibility compared to the other
classification methods when applied to more complex datasets [35]. LDA generally shows
similar performance with logistic regression [36].

3.2.2. Classification and Regression Tree (CART)

Classification and regression trees (CART) construct hierarchical decision trees by
splitting data among classes of the criterion at a given node accordingly to an “if-then”,
applied to a set of predictors, into two child nodes repeatedly [37]. Classification trees are
verified as an appropriate method for predicting the binary of target variables with high
accuracy and require few assumptions about the data [38,39]. It keeps partitioning data with
explanatory variables in binary split, which gives the minimal impurity until the terminal
node has a predefined minimum size [40,41]. Then, it fits the response variable in each
partition. The goal is to find a partition, so that the response is the most homogeneous in
each partition [42]. A CART model that predicts continuous variables from a continuous or
categorical predictor variable is referred to as regression model [43,44]. Decision tree-based
models, including CART, have an advantage in that they are scalable to large problems and
can handle smaller data sets than NN models [41]. The more complex model has the better
prediction power; however, a too complex model can be hard to be interpreted, and there
can be an overfitting problem [16]. Therefore, the most important aspect of constructing
CART is to have balance between complexity and goodness of fit.

3.2.3. Neural Networks (NNET)

Neural networks have been applied extensively in both regression and classification
problem. A neural network holds layers of interconnected nodes. Each node is a perceptron
and is similar to a multiple linear regression. The perceptron feeds the signal produced by
a multiple linear regression into an activation function, which is nonlinear [33]. It assumes
that the response variable (output layer) has a relationship with explanatory variables
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(input layer) and that there is hidden layer between them in a model [16]. It postulates
that input layer affects all nodes in the hidden layer, and the response is affected by all
nodes in hidden layer [34]. Neural networks are differentiated from existing optimization
algorithms, in that they are identified in parallel by a group of vectors, and it does not
depend excessively on the initial parameter but changes stochastically [35].

3.2.4. Support Vector Machines (SVM)

Support vector machines (SVM) find a linear separating hyperplane constructed from
a vector x of predictors mapped into a higher dimension feature space by a nonlinear
feature function [36,37,44]. It derives classifiers, which map a vector of predictors into
a higher dimensional plane through either linear or non-linear kernel functions [45,46].
SVM shows fairly good prediction accuracy based on its sound theoretical foundation in
complex classification problems [36]. It is designed to perform learning in the direction of
minimizing ‘structural risk’; on the other hand, ANN pursues ‘empirical risk management’.
SVM also requires a small amount of training data called support vector, generally using
only a small amount of data and being insensitive to the number of dimensions for final
learning, unlike ANN [36,44]. Therefore, SVM can be relatively free from overfitting
problems and offers one of the most robust and accurate methods.

3.2.5. Random Forests

Random forests are similar to a decision tree or a bagging classifier, having the same
hyper-parameters [47]. Therefore, it can be explained as a way of classification by adding
an additional layer of randomness to bagging [48,49]. It constructs a series of CART using
random bootstrap samples of the original data sample [37,48,49]. Each tree is formed
from a random subset of the total predictors who maximize the classification criteria at
each node. A classification error rate can be calculated using each of the CART to predict
the data not in the bootstrap sample used to grow the tree, and then mean values as
out-of-the bag predictions for the grown set of trees become a “forest”. Random forests
methods can be easily optimized by adjusting only two parameters. It requires defining the
number of random trees in the forest and the number of predictor variables in the random
subset of tree at each node [35]. Random forests can be used both for two-class and multi-
class problems of more than two classes, and when there are many more variables than
observations [50]. It has good predictive performance, even when most predictive variables
are noise [50,51]. However, random forests have a possibility to detect over-detection of
real and false paradoxes in subsets of the data that do not occur in the entire dataset due to
sampling error [52].

3.3. Network Text Analysis (NTA)

Network analysis is a research technique that focuses on seeking the relationship
patterns between agents and their related data [53,54]. Network text analysis (NTA) is a
method that creates a model of nodes and links and quantitatively analyzes their phase
structure as well as the process of diffusion and evolution [55]. Therefore, the network
structure established through NTA is useful for interpreting certain social phenomena
beyond the dictionary meaning of the relevant text [3]. According to Bhat and Milne (2008),
degree centrality analysis is the most used to understand the influence of entities and
structures in a network [56]. The highest node has the strongest influence on spreading
infectious diseases compared to the other nodes in the network [57]. NTA complexly con-
nected the social network analysis technique with text analysis, and thus it simultaneously
explores both knowledge and understanding of a given social phenomenon [9].

Legal verdicts inevitably reflect social phenomena (e.g., nations’ characteristics, ethics,
social values); thus, this study adopted NTA for analyzing precedents. More specifi-
cally, this study conducted keyword-based network analysis for in-depth analysis of legal
precedents by extracting specific keywords presented in privacy legal cases, which can be
considered a text aggregate of socio-structural phenomena, using NetMiner 4.0. Specifically,
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a concept in the network consists of one or more related words, which are nodes in a social
network analysis, while links represent the relationship between two concepts. In other
words, two or more concepts simultaneously appearing in a single sentence indicates that
the two have a close relationship, and the association of these linkages enables implementa-
tion of a semantic map [26]. That is, co-word analysis enables calculation of co-occurrence
frequency of each word, as well as classification of the subject area in the relevant field,
elicitation of keywords, and determination of correlation among subject areas.

4. Performance Comparison of Machine Learning
4.1. Classification Model Construction

We adopt five classification methods by R programs for predicting the judicial decision
as introduced in Section 3. All these techniques are appropriate for predicting results
of binary dependent variables (coded 0: innocence, 1: conviction). To find optimized
hyperparameters of each machine learning model, its value is tuned as follows. First, the
hyperparameter used for the optimal SVM model is combined with the penalty parameter
(C) for 0.1, kernel coefficient (y) of 0.03, and Kernel linear function. In random forests,
the best performance is identified when the maximum number of features considered for
splitting a node set is 50, and the maximum levels of each decision tree are set as 3. Weight
decay was tuned between 0 and 0.1 and found the optimal value as 0.09 in size 18 in a
model of NNET. In CART, the best tree size is determined to be 6 in the minimum deviance,
as shown in Figure 1. We complied this with a basic LDA model, as it did not require any
additional tuning.

190 170 120 120 Inf
| | | | |
- —
ﬂ p—
L]
LUk ] — —
L] -—
[ -
LY —]
il
o= S -
=
-
| | | | | |
1 2 3 4 5 &
size

Figure 1. Deviance vs. Tree Size.

Table 3 provides the classification performance by each method as performed once.
It shows the predictability, how each model can classify “real guilty case is judged as a
conviction” and “real innocent case is judged as a guiltlessness”. As a result, CART has the
greatest prediction rate, while neural network performs worse than the others.
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Table 3. Classification for Judicial Decisions.
Classification Innocence Conviction Prediction Rate (%)

Innocence 451 85

LDA Conviction 109 453 82.33
Innocence 460 76

CART Conviction 109 453 83.16

Neural Innocence 466 70 81.79

Network Conviction 130 432 ’

Innocence 448 102

SVM Conviction 88 460 82.69
Innocence 463 73

Random Forest Conviction 113 449 83.06

4.2. Model Validation and Performance Comparison

Using the above optimized hyperparameters, each model can be trained and estab-
lished. To obtain independent test data and reliable results, each data set was split randomly
(70:30) into a training and a test data set. In other words, we use 70% of data for training as
model fitting and 30% for evaluating, among the 1098 cases we collected. The training data
were evaluated and validated through K-fold cross validation. To reduce the influence of
a single sampling method on model results, the seven-fold cross-validation method was
adopted to select training data and test data. Seven-fold cross-validation method divided
the whole dataset into seven disjoint subsets randomly and averagely. Seven subsets was
identified as an optimal value in this model, among the most popular and common value
(e.g.,k=3,5,7,10) used in applied machine learning [33]. To compare the classification
models with judicial cases, we performed 100 simulations (i.e., experiments are repeated
100 times) of each model to generalize its accuracy and compute the mean of misclassi-
fication rates, as shown in Table 4 and Figure 2. The greatest accuracy of classifications
was achieved by CART, showing the lowest misclassification rate to be as same as that
analyzed simultaneously. As a result, CART has the best performance rate for predicting
judicial decisions.

04

0.3
|

éi ——— — ———
[ [ | | |
LDA CART NNET SVM RF

Figure 2. Misclassification Rates in 100 Simulations.
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Table 4. Misclassification Rates in 100 Simulations.

Methods Misclassification Rate (%)
LDA 11.82
CART 11.52
Neural Network 12.04
Support Vector Machine 11.90
Random Forest 11.72

5. Constructing Networks of Legal Judgments

Judicial cases refer to an aggregate of documents drawn up based on related regula-
tions, using legal terms and focusing on specific cases or basic facts about the participants.
Therefore, those forming a legal precedent are bound to have a close correlation among
them. To analyze the relationship among words that form a legal precedent, this study
conducted NTA. It is a descriptive modeling method for explaining the social phenomena
in a macro perspective [3]. NTA is useful way to explain social issues by analyzing factors
in social phenomenon [3], and it enables a researcher to identify the relationship among
various confounding factors such as the factors invading privacy and the adjudication
types. First, we formed a weight matrix based on co-occurrence frequency in a single para-
graph as the baseline data for network analysis. Based on the elicited weight, this study
also calculated the degree of centrality and concentric of the main keywords. Keywords
with a greater value of degree centrality have greater influence in the overall network. This
degree centrality is elicited based on an eigenvector; thus, there is a limitation, in that the
frequency of the relevant keyword in the overall text is not considered. Accordingly, an
analysis of concentric was conducted, additionally focused on the frequency of relevant
keywords in legal precedents.

5.1. Analysis of the Possibility of Judgment According to Types of Privacy Invasion

To analyze the interrelation between types of privacy invasion and specific judgments,
additional research was conducted by dividing the precedents into the possibility of con-
viction and innocence from the perspective of criminal law and possibility of compensation
in terms of civil law.

5.1.1. Possibility of Conviction and Innocence in Terms of Criminal Law

To form a network of judgment on conviction and innocence according to the types
of privacy invasion in terms of criminal law, conviction and innocence were set as the
central nodes, and the relationship between the two was examined. To form a network, the
degree centrality of types of privacy invasion were calculated according to conviction and
innocent, which are presented in Tables 5 and 6 below.

Table 5. Degree Centrality of Conviction.

Network of Privacy Invasion

Main Keyword Degree Centrality with Conviction
Adware 0.155 °
Cyberattack 0.018 . adware . _. i [ )
Malware 0.278 vandalism " ‘ malware
Spam 0.266 ®—— @ conviction
Spyware 0.230 spyware | Virus
Vandalism 0.034 o — g

Virus 0191 spam  Cyber attack
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Table 6. Degree Centrality of Innocence.

Network of Privacy Invasion

Main Keyword Degree Centrality with Innocence
Adware 0.143 ® B ’
Cyberattack 0.085 i
yberattac ° spyware innocence
Malware 0.221 virus ; ®
adware
Spam 0.142
P @
Spyware 0.429 vandalism
Vandalism 0.222 e ——— @
ber attack spam
Virus 0.102 malware Pa

If a certain type of invasion forms a strong connection with the node of conviction
through the formed network, a conviction is more likely to occur. The types of invasion that
are marked with big circles or nodes in the network and are directly linked to adjudications
such as conviction or innocence are likely to receive relevant verdicts. In other words, if
nodes are relatively big, such as malware, and are directly connected in primary links
with conviction in the network, the invasion has a high possibility to be judged illegal.
Furthermore, it can be assumed that there is a slight chance of innocence, because the
types of privacy invasion with the possibility of being convicted (e.g., virus, adware, spam,
cyberattack, and malware) do not form a relationship with nodes focused on innocence.

5.1.2. Possibility of Judgment of Civil Compensation by Invasion Type

Compensation generally refers to the return to conditions present before the damage
was done, with the purpose of recovery and relief of violation of one’s rights. It is confirmed
that all of types of privacy invasion factors form a direct relationship with compensation,
and especially malware, which form large nodes in the network, are likely to receive the
verdict of compensation. Finally, it can be verified that even the same type of privacy
invasion is likely to be subject to different judgments and types of measures depending
on specific environmental factors such as current conditions. Table 7 shows the degree
of centrality and network of the types of invasion that are likely to receive the verdict of
compensation as a means of relief for privacy invasion.

Table 7. Degree Centrality of Compensation.

Network of Privacy Invasion

Main Keyword Degree Centrality with Compensation
Adware 0.173 S
Cyberattack 0.198 ¢ cyberattack
vandalisim
Malware 0.231 l .
| g SPam
Vandalism 0.098 | - virus
5 dare
Virus 0.102 Pyw .
compensation
Spam 0.200 — — - .
Spyware 0.211 adware malware

6. Conclusions

This study performed classification methods of machine learning for predicting ju-
dicial decisions and analyzed the network. With machine learning models, it is usually
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very hard to explain how each factor influences the establishment of a model. Thus, this
study constructed the network of judicial cases according to the privacy invasion factors
by NTA. We could identify which model had the highest performance rate of prediction of
legal decisions among the five classification algorithms and infer how these algorithms can
predict legal or illegal activities by analyzing the network that was established by NTA.

The results of this study can be summarized as follows. First, the CART technique had
the best performance of classification compared to the other methods. It can be inferred that
CART algorithms should be considered a priority among various prediction algorithms
for establishing the system of an Al lawyer or an automatic judicial decision machine. In
other words, as CART shows the best performance within the scope of online privacy cases
used in this study, it is desirable to adopt CART to predict legal disputes and judgments
related to online privacy. These results have the potential to be used not only in online
privacy disputes but also in resolving various legal conflicts that may occur in the online
environment. However, since there is no guarantee that CART always shows the highest
performance rate in predicting the guilt or innocence of numerous off-line crimes or in
predicting legal decisions (e.g., probation, penalty) not covered in this study, other models
should also be considered. Secondly, we can infer that malware is the most significant
factor for predicting illegal decisions among various online privacy invasions. It is thereby
derived that the malware node has the largest effects in the whole conviction network. If
a firm invades the user’s personal information based on malware for direct or indirect
reasons in the process of carrying out marketing activities, there is a high chance of it
resulting in conviction. Furthermore, malware can be also judged as being needed with
compensation of damage in a perspective of civil law. In the case of viruses, if a firm is
not able to prove that it did not create the relevant malicious code, or is not the primary
distribution agent, it could result in conviction. As a result of analyzing legal precedents
related to privacy invasion in the US, this study arrived at the following implications. Since
it is difficult for firms to prove that they have no fault in the user’s privacy invasion, it
is necessary to establish drastic technical measures and management systems to prevent
these issues in advance. Civil judgment of compensation is the most effective means of
relief for users whose privacy is invaded by corporate activities. In particular, if invasions
were made by sending spyware, virus, malware, adware, and spam, users can demand
compensation for damages if they can prove the firm’s negligence. Firms’ obligations for
accidents and users’ probability for winning a lawsuit differ according to type of online
privacy invasion. This study indicates possible outcomes of data privacy infringements
cases in the online marketing environment. For example, this study identified that firms
may have a duty of compensation for distributing adware that show ads to users and
collect users’ personal data. A user could also file a lawsuit for compensation for user’s
financial loss or psychological distress caused by an online privacy invasion originating
from malware.

7. Contributions and Limitations

The overall results of this study can be applied to establish the strategy of firms as
follows. Firms could have a high possibility of both civil and criminal law responsibili-
ties if they distributed malware as a program or, spyware, which is a system to acquire
unauthorized access of data collection or system resources. From now on, firms should
be more cautious about sending direct messages to advertise without violating civil or
criminal liability. The results of this study could be utilized as guidelines for firms to
prevent incidents of online privacy infringement. This would enable firms to prevent
privacy invasion accidents in the future, thereby saving costs and time required in disputes.

This study has two contributions. First, it extends the scope of research in the area of
predicting verdicts by addressing the needs for accepting social perspective and statisti-
cally methodology (i.e., machine learning) at the same time. This study is differentiated
from previous studies, which mainly focused on semantic-based ontology to retrieve le-
gal information by resolving the inconsistency issue between legal terms and everyday
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terms. There are a few researchers developing algorithms or systems to predict verdicts
accurately; however, they use statistical results that do not reflect any societal factors.
Legal judgements cannot help but be influenced by social phenomena and culture, since
legal provisions have been formed within social systems. Thus, we adopted NTA for
reflecting social characteristics by establishing network of online privacy invasion factors
and judgments and machine learning algorithms to predict verdicts. NTA is useful for
interpreting social phenomena; the social influence between elements can be inferred based
on the relationship formed by each element (i.e., node) in the constructed network. In this
study, the online privacy infringement that changes according to social phenomena, such
as the example of malware or cyber vandalism, was intended to be reflected in this study.
For example, malware, which is identified with the highest probability of guilt in this study,
was originally created for damage or destroy computers and computer systems. However,
in recent years, as the value of data has rapidly increased, malware is mainly used for the
purpose of invasion of privacy, such as access to personal information without consent or
stealing personal information by misusing it beyond simple system destruction. Vandalism
is also a representative factor in recent online privacy violations that have begun to be
exploited to reflect the social phenomena. Although most of the factors that infringe online
privacy have recently emerged due to technological advancement, vandalism has existed
for a long time as a crime that harms an individual’s physical property. Recent vandalism,
generally, unlike in the past, involves editing online content in a malicious manner in cy-
berspace. Therefore, this study investigated the flow of changes in these social phenomena
within the network of online privacy invasion factors and legal decisions. Moreover, this
study’s results indicate that there are the interrelations between types of privacy invasion
factors and types of legal judgments such as criminal, civil, and compensation. Predictions
with legal judgment types are very difficult for human lawyers due to massive amounts of
legal documents that need to be studied to determine the conviction types.

Additionally, we provide the prediction rate of classification with the judicial decisions.
Machine learning algorithms are powerful data-driven methods that are relatively less
widely used in the judicial decisions and thus have not been comparatively evaluated
thoroughly in the study of law. Therefore, this study addresses the need for establishing a
data-driven strategy applied by machine learning and related to academic research in the
field of law.

We reviewed various studies related to automated legal prediction systems that have
been developed and researched to improve accuracy of prediction. In fact, a judgment has
to be determined by codification (i.e., written law) and precedents; therefore, most prior
studies have established data-driven prediction models by training the large data set of
verdicts to predict judgments. Legal judgments, however, have a unique characteristic,
in that they can be influenced by a few social factors, since they have been interpreted
according to the circumstances at the time, as well as the cultural characteristics of the
country. In other words, legal enforcement is decided by law but is usually influenced by
social and legal environment of each country (e.g., cultures and social norms). Therefore,
we adopted that both of social environments and statistically methods are needed for
predicting and identifying the relationship between sentences and online privacy invasive
factors. It is difficult to expect positive effects if decision-making systems are dependent
on only technical computer-based systems without understanding the users or processes.
This is because technology is only a means to support decision-making, and there is no
consideration of the subjects making the decision and the organization and environment
that the decision-making result will have. Therefore, the socio-technical system (STS)
suggests that an understanding of the social structures, roles, and rights of the social
sciences is required in order to induce successful adoption of information systems in
organizations. From the perspective of STS, Al-based automated legal judgment prediction
is also a new information system that is accepted by organizations and society, so it should
reflect social structures, users, and processes. Therefore, Al-based legal judgment prediction
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should be introduced and developed by considering organizational policies and rules and
users who interact using it based on an advanced technical system.

Secondly, we can confirm that both social environments and statistical methods are
needed for predicting the verdicts related on online privacy invasions. Finally, the needs
for combining both results of by NTA under the social environment as qualitative approach
and prediction rate of machine learning in a quantitative approach can be provided. In other
words, it can be applied to improve new Al models with higher accuracy and explainability
at the same time. In most Al models, it is difficult to pursue both performance accuracy
and the transparency of setting models. If they have the highest performing accuracy, they
are are the least explainable, and the most explainable are less accurate.

With the improvements in machine learning methodology, the performance of Al
models is reaching or even exceeding the human level on an increasing number of com-
plex tasks. However, most Al systems cannot provide the reasons for model prediction
results. Thus, explainable Al (XAI) has been revised to offer potential for users for better
understanding and a trust model by producing and leveraging explainability techniques in
Al models [58]. A few methods have been considered to provide explainable AI models
(e.g., interpretable model, model induction, deep explanation). XAI models have been
developed as modified or hybrid deep learning techniques that acquire more explainable
features and generate explainable representations. This study can provide a foundation for
improving XAI models by identifying the importance of feature importance of each factor,
as we suggested through the results of network analysis, which have different relative
values in the network.

The study only examined 1098 of the most recent legal precedents related to the
Privacy Act in the US. Therefore, it is hard to generalize the results of this study to all areas
of the United States. Moreover, even though privacy protection acts are enacted in most
countries with similar purpose, there are bound to be differences among countries that
cannot be overlooked due to the effect of the distinctive attributes of regulations. Therefore,
this study selected legal precedents in the United States with a long history and that have
been evaluated as favorable acts in the field of privacy protection; however, there is a
need for additional comparative analysis by conducting studies on each of the countries.
By accumulating the results of multiple studies considering these national characteristics,
the results of the relevant studies could be utilized across diverse areas. We also have a
plan to adopt more various machine learning models and identify how each model shows
performance rate in legal field in future research.

This study tried to predict whether a firm'’s online activity is legal or illegal from
the firm’s perspective (i.e., defendant). Accordingly, the results of this study mainly
provided implications for how firms provide online services in the range that do not
infringe customer’s online privacy.

Based on the conclusion of this study, finally, we can infer that, in the process of
developing a system for predicting legal judgments in the future, a method that can
reflect social and environmental phenomena and a scientific methodology for accurate
prediction must be included at the same time. This study suggests that advanced prediction
algorithms and systems may contribute to improving performance for accurate predictions
but may make more appropriate judgments when times and social backgrounds are fully
considered in a legal environment.

Author Contributions: Conceptualization, M.P. and S.C.; methodology, M.P. and S.C.; formal analy-
sis, M.P.; writing—original draft preparation, M.P. and S.C.; writing—review and editing, M.P. and
S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Appl. Sci. 2021, 11, 11080 15 of 16

References

1. Kim, Y.-H,; Hong, J.-S.; Cha, H.-].; Kook, K.-H. A Study of Personal Information Handler Based on Social Network Analysis.
J. Secur. Eng. 2016, 13, 143-154. [CrossRef]

2. Kelbert, F; Shirazi, F; Simo, H.; Wiichner, T.; Buchmann, J.; Pretschner, A.; Waidner, M. State of online privacy: A technical
perspective. In Internet Privacy; Springer: Berlin/Heidelberg, Germany, 2012; pp. 189-279.

3.  Popping, R. Knowledge graphs and network text analysis. Soc. Sci. Inf. 2003, 42, 91-106. [CrossRef]

4. Ashley, K.D,; Briininghaus, S. Computer models for legal prediction. Jurimetrics 2006, 46, 309-352.

5. Ashley, K.D.; Briininghaus, S. Automatically classifying case texts and predicting outcomes. Artif. Intell. Law 2009, 17, 125-165.
[CrossRef]

6.  Bruninghaus, S.; Ashley, K.D. Predicting Outcomes of Case Based Legal Arguments. In Proceedings of the 9th International
Conference on Artificial Intelligence and Law, Scotland, UK, 24-28 June 2003; pp. 233-242.

7. Branting, L.K,; Pfeifer, C.; Brown, B.; Ferro, L.; Aberdeen, J.; Weiss, B.; Pfaff, M.; Liao, B. Scalable and explainable legal prediction.
Artif. Intell. Law 2021, 29, 213-238. [CrossRef]

8. Archer, KJ.; Kimes, R.V. Empirical characterization of random forest variable importance measures. Comput. Stat. Data Anal.
2008, 52, 2249-2260. [CrossRef]

9.  Lame, G. Using NLP techniques to identify legal ontology components: Concepts and relations. Artif. Intell. Law 2004, 12, 379-396.
[CrossRef]

10. Lax, G.; Russo, A.; Fasci, L.S. A Blockchain-based approach for matching desired and real privacy settings of social network users.
Inf. Sci. 2021, 557, 220-235. [CrossRef]

11. Hanguang, L.; Yu, N. Intrusion detection technology research based on apriori algorithm. Phys. Procedia 2012, 24, 1615-1620.
[CrossRef]

12. Hofmann, T.; Lucchi, A.; Lacoste-Julien, S.; McWilliams, B. Variance reduced stochastic gradient descent with neighbors.
arXiv 2015, arXiv:1506.03662.

13. Blei, D.M.; Ng, A.Y.; Jordan, M.I. Latent dirichlet allocation. J. Mach. Learn. Res. 2003, 3, 993-1022.

14. Amiri, F; Yazdani, N.; Shakery, A.; Chinaei, A.H. Hierarchical anonymization algorithms against background knowledge attack
in data releasing. Knowl.-Based Syst. 2016, 101, 71-89. [CrossRef]

15. Soria-Comas, J.; Domingo-Ferrer, J.; Sinchez, D.; Megias, D. Individual differential privacy: A utility-preserving formulation of
differential privacy guarantees. IEEE Trans. Inf. Forensics Secur. 2017, 12, 1418-1429. [CrossRef]

16. Kotsogiannis, I.; Machanavajjhala, A.; Hay, M.; Miklau, G. Pythia: Data Dependent Differentially Private Algorithm Selec-
tion. In Proceedings of the 2017 ACM International Conference on Management of Data, Chicago, IL, USA, 14-19 May 2017;
pp. 1323-1337.

17.  Lundmark, M.; Dahlman, C.-]. Differential privacy and machine learning: Calculating sensitivity with generated data sets.
Comput. Sci. 2017. Available online: https://kth.diva-portal.org/smash/get/diva2:1112478 /FULLTEXTO1.pdf (accessed on
16 November 2021).

18. Dwork, C.; Roth, A. The algorithmic foundations of differential privacy. Found. Trends Theor. Comput. Sci. 2014, 9, 211-407.
[CrossRef]

19. Aggarwal, C.C.; Philip, S.Y. A general survey of privacy-preserving data mining models and algorithms. In Privacy-Preserving
Data Mining; Springer: Berlin/Heidelberg, Germany, 2008; pp. 11-52.

20. Dong, B.; Liu, R.; Wang, W.H. Prada: Privacy-Preserving Data-Deduplication-as-a-Service. In Proceedings of the 23rd ACM
International Conference on Conference on Information and Knowledge Management, Shanghai, China, 3-7 November 2014;
pp. 1559-1568.

21. Yi, X,; Rao, E-Y;; Bertino, E.; Bouguettaya, A. Privacy-Preserving Association Rule Mining in Cloud Computing. In Proceedings
of the 10th ACM Symposium on Information, Computer and Communications Security, Singapore, 17 March-14 April 2015;
pp. 439-450.

22.  Arewa, O.B. Open access in a closed universe: Lexis, Westlaw, law schools, and the legal information market. Lewis Clark Law Rev.
2006, 10, 797.

23. Takasugi, N. E-=Commerce Law and the Prospects for Uniform E-Commerce Rules on the Privacy and Security of Electronic
Communications. Ariz. . Int. Comp. Law 2016, 33, 257.

24. Valdes, A.; Skinner, K. Adaptive, Model-Based Monitoring for Cyber Attack Detection. In International Workshop on Recent
Advances in Intrusion Detection; Springer: Berlin/Heidelberg, Germany, 2000; pp. 80-93.

25. Argaw, S.T.; Bempong, N.-E.; Eshaya-Chauvin, B.; Flahault, A. The state of research on cyberattacks against hospitals and
available best practice recommendations: A scoping review. BMC Med Inform. Decis. Mak. 2019, 19, 1-11. [CrossRef]

26. Lee, S.-S. A content analysis of journal articles using the language network analysis methods. J. Korean Soc. Inf. Manag.
2014, 31, 49-68.

27. Maroco, J.; Silva, D.; Rodrigues, A.; Guerreiro, M.; Santana, I.; de Mendonga, A. Data mining methods in the prediction of
Dementia: A real-data comparison of the accuracy, sensitivity and specificity of linear discriminant analysis, logistic regression,
neural networks, support vector machines, classification trees and random forests. BMC Res. Notes 2011, 4, 1-14. [CrossRef]

28. Mood, C. Logistic regression: Why we cannot do what we think we can do, and what we can do about it. Eur. Sociol. Rev.

2010, 26, 67-82. [CrossRef]


http://doi.org/10.14257/jse.2016.04.05
http://doi.org/10.1177/0539018403042001798
http://doi.org/10.1007/s10506-009-9077-9
http://doi.org/10.1007/s10506-020-09273-1
http://doi.org/10.1016/j.csda.2007.08.015
http://doi.org/10.1007/s10506-005-4160-3
http://doi.org/10.1016/j.ins.2021.01.004
http://doi.org/10.1016/j.phpro.2012.02.238
http://doi.org/10.1016/j.knosys.2016.03.004
http://doi.org/10.1109/TIFS.2017.2663337
https://kth.diva-portal.org/smash/get/diva2:1112478/FULLTEXT01.pdf
http://doi.org/10.1561/0400000042
http://doi.org/10.1186/s12911-018-0724-5
http://doi.org/10.1186/1756-0500-4-299
http://doi.org/10.1093/esr/jcp006

Appl. Sci. 2021, 11, 11080 16 of 16

29.
30.
31.
32.

33.
34.

35.
36.
37.
38.

39.

40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

52.

53.
54.

55.
56.

57.

58.

Han, X,; Tan, Q. Dynamical behavior of computer virus on Internet. Appl. Math. Comput. 2010, 217, 2520-2526. [CrossRef]
Alpaydin, E. Introduction to Machine Learning; MIT Press: Cambridge, MA, USA, 2020.

Haupt, S.E.; Cowie, ].; Linden, S.; McCandless, T.; Kosovic, B.; Alessandrini, S. Machine learning for applied weather prediction.
In Proceedings of the 2018 IEEE 14th International Conference on e-Science (e-Science), IEEE, Amsterdam, The Netherlands,
29 October—1 November 2018; pp. 276-277.

Wu, J.; Cai, Z. A naive Bayes probability estimation model based on self-adaptive differential evolution. J. Intell. Inf. Syst.
2014, 42, 671-694. [CrossRef]

Bengio, Y.; Grandvalet, Y. No unbiased estimator of the variance of k-fold cross-validation. . Mach. Learn. Res. 2004, 5, 1089-1105.
Heidari, A.A.; Faris, H.; Aljarah, I.; Mirjalili, S. An efficient hybrid multilayer perceptron neural network with grasshopper
optimization. Soft Comput. 2019, 23, 7941-7958. [CrossRef]

Anderson, J. An Introduction to Neural Networks; MIT Press: Cambridge, MA, USA, 1995; ISBN 026-201-144-1.

Pal, M. Random forest classifier for remote sensing classification. Int. |. Remote Sens. 2005, 26, 217-222. [CrossRef]

Suykens, J.A.; Vandewalle, J. Least squares support vector machine classifiers. Neural Process. Lett. 1999, 9, 293-300. [CrossRef]
Padmanabhan, B.; Zheng, Z.; Kimbrough, S.O. An empirical analysis of the value of complete information for eECRM models. Mis
Q. 2006, 247-267. [CrossRef]

Padmanabhan, B.; Zheng, Z.; Kimbrough, S.O. Personalization from incomplete data: What you don’t know can hurt.
In Proceedings of the Seventh ACM SIGKDD International Conference on Knowledge Discovery and Data Mining,
San Francisco, CA, USA, 26-29 August 2001; pp. 154-163.

Lawrence, R.L.; Wright, A. Rule-based classification systems using classification and regression tree (CART) analysis. Photogramm.
Eng. Remote Sens. 2001, 67, 1137-1142.

Razi, M.A.; Athappilly, K. A comparative predictive analysis of neural networks (NNs), nonlinear regression and classification
and regression tree (CART) models. Expert Syst. Appl. 2005, 29, 65-74. [CrossRef]

Tsoi, A.C.; Pearson, R. Comparison of Three Classification Techniques: CART, C4. 5 and Multi-Layer Perceptrons. In Advances in
Neural Information Processing Systems; Kaufmann: San Mateo, CA, USA, 1991; pp. 963-969.

Markham, I.S.; Mathieu, R.G.; Wray, B.A. A rule induction approach for determining the number of kanbans in a just-in-time
production system. Comput. Ind. Eng. 1998, 34, 717-727. [CrossRef]

Cortes, C.; Vapnik, V. Support-vector networks. Mach. Learn. 1995, 20, 273-297. [CrossRef]

Pal, S.K.; Wang, P.P. Genetic Algorithms for Pattern Recognition; CRC Press: Boca Raton, FL, USA, 1996.

Wang, C.; Jin, X. Study on Prediction of Legal Judgments Based on the CNN-BiGRU Model. In Proceedings of the 2020 6th
International Conference on Computing and Artificial Intelligence, Tianjin, China, 23-26 April 2020; pp. 63-68.

Breiman, L. Random forests. Mach. Learn. 2001, 45, 5-32. [CrossRef]

Liaw, A.; Wiener, M. Classification and regression by randomForest. R News 2002, 2, 18-22.

Diaz-Uriarte, R.; De Andres, S.A. Gene selection and classification of microarray data using random forest. BMC Bioinform.
2006, 7, 3. [CrossRef]

Hua, J.; Xiong, Z.; Lowey, J.; Suh, E.; Dougherty, E.R. Optimal number of features as a function of sample size for various
classification rules. Bioinformatics 2005, 21, 1509-1515. [CrossRef] [PubMed]

Shmueli, G.; Yahav, I. The forest or the trees? Tackling Simpson’s paradox with classification trees. Prod. Oper. Manag.
2018, 27, 696-716. [CrossRef]

Caballé-Cervigon, N.; Castillo-Sequera, J.L.; Gémez-Pulido, ].A.; Gomez-Pulido, ].M.; Polo-Luque, M.L. Machine learning applied
to diagnosis of human diseases: A systematic review. Appl. Sci. 2020, 10, 5135. [CrossRef]

Wasserman, S.; Faust, K. Social Network Analysis: Methods and Applications; Cambridge University Press: Cambridge, UK, 1994.
Sowa, J.E. Conceptual Structures: Information Processing in Mind and Machine; Addison-Wesley Longman Publishing Co. Inc.:
Boston, MA, USA, 1984.

Wellman, B.; Berkowitz, S.D. Social Structures: A Network Approach; CUP Archive: Cambridge, UK, 1988; Volume 2.

Bhat, S.S.; Milne, S. Network effects on cooperation in destination website development. Tour. Manag. 2008, 29, 1131-1140.
[CrossRef]

Christley, R.M.; Pinchbeck, G.; Bowers, R.G.; Clancy, D.; French, N.P,; Bennett, R.; Turner, J. Infection in social networks: Using
network analysis to identify high-risk individuals. Am. . Epidemiol. 2005, 162, 1024-1031. [CrossRef] [PubMed]

Gunning, D. Broad Agency Announcement Explainable Artificial Intelligence (XAI); Technical Report; Defense Advanced Research
Projects Agency: Arlington, VA, USA, 2016.


http://doi.org/10.1016/j.amc.2010.07.064
http://doi.org/10.1007/s10844-013-0279-y
http://doi.org/10.1007/s00500-018-3424-2
http://doi.org/10.1080/01431160412331269698
http://doi.org/10.1023/A:1018628609742
http://doi.org/10.2307/25148730
http://doi.org/10.1016/j.eswa.2005.01.006
http://doi.org/10.1016/S0360-8352(98)00099-0
http://doi.org/10.1007/BF00994018
http://doi.org/10.1023/A:1010933404324
http://doi.org/10.1186/1471-2105-7-3
http://doi.org/10.1093/bioinformatics/bti171
http://www.ncbi.nlm.nih.gov/pubmed/15572470
http://doi.org/10.1111/poms.12819
http://doi.org/10.3390/app10155135
http://doi.org/10.1016/j.tourman.2008.02.010
http://doi.org/10.1093/aje/kwi308
http://www.ncbi.nlm.nih.gov/pubmed/16177140

	Introduction 
	Related Works 
	Prediction of Legal Judgments 
	Algorithms for Protecting Online Privacy 

	Research Method 
	Data Preparation 
	Classification Techniques in Machine Learning 
	Linear Discriminant Analysis (LDA) 
	Classification and Regression Tree (CART) 
	Neural Networks (NNET) 
	Support Vector Machines (SVM) 
	Random Forests 

	Network Text Analysis (NTA) 

	Performance Comparison of Machine Learning 
	Classification Model Construction 
	Model Validation and Performance Comparison 

	Constructing Networks of Legal Judgments 
	Analysis of the Possibility of Judgment According to Types of Privacy Invasion 
	Possibility of Conviction and Innocence in Terms of Criminal Law 
	Possibility of Judgment of Civil Compensation by Invasion Type 


	Conclusions 
	Contributions and Limitations 
	References

