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Preface

The development of large-scale data analysis and statistical learning methods for data science is
gaining more and more interest, not only among statisticians, but also among computer scientists,
mathematicians, computational physicists, economists, and, in general, all experts in different fields
of knowledge who are interested in extracting insight from data. Cross-fertilization between the
different scientific communities is becoming crucial for progressing and developing new methods
and tools in data science. In this respect, the Statistics & Data Science group of the Italian Statistical
Society has organized its 3rd international conference held in Palermo on the 11st and 12nd of April
2024, attended by over 100 researchers from different scientific fields. A collection of the presented
papers is available in the present Proceedings showing a huge variety of approaches, methods, and
data-driven problems, always tackled according to a rigorous and robust scientific paradigm.

The Statistics & Data Science group

Palermo, April 11st and 12th, 2023
Antonella Plaia - Leonardo Egidi - Antonino Abbruzzo

Editors



Multi-class text classification of news data

Maurizio Romano and Maria Paola Priola

Abstract Several Multi-class text classification (MCC) strategies, namely One-
Vs-Rest (OVA), One-Vs-One (OVO), Best-of-Best (BOB), and Error-Correcting-
Output-Codes (ECOC), are compared in terms of accuracy and computational ef-
ficiency. Each strategy is implemented utilizing several classifiers such as Naı̈ve
Bayes, Random Forest, Logistic Regression, Neural Networks, Linear Discriminant
Analysis, Support Vector Machine, and the recently-introduced Threshold-based
Naı̈ve Bayes (Tb-NB). We run a horse race involving the analysis of the 20News-
Group dataset, well known in the literature for its complexity. Our results high-
light the importance of choosing the right classifier whilst pairing it with an optimal
strategy, providing valuable insights for optimizing classifier performance in MCC
classification tasks considering both environmental implications and the need for
accurate predictions.

Key words: Statistical Learning, One-Vs-Rest, One-Vs-All, Naı̈ve Bayes, Tb-Nb,
Accuracy, 20NewsGroup dataset.

1 Introduction

Multiclass classification (MCC) is known to be a complex challenge given the rising
demand for such classification tasks in various domains. Most of the time selecting
the right approach is crucial, particularly because it is often required to find the
right balance between model complexity and computational time. Concerns about
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climate change and the environmental impact of large-scale models emphasize this
need.

This paper focuses on MCC, also known as multinomial classification in sta-
tistical learning. MCC is a classification task characterized by the presence of an
outcome (dependent, or response, variable) that presents (often many) more than
two classes. MCC is distinct from multilabel classification (MLC). As pointed out
by [17], in MCC an instance is assigned to one class out of multiple mutually ex-
clusive classes; on the other hand, MLC refers to a classification problem where
each instance could be assigned to multiple class labels simultaneously, under the
assumption that there can be more than one correct class label for a given instance
or data point.

A common feature of all the proposed approaches for MCC is their computa-
tional burden. Given the ongoing hardware availability, practitioners have increas-
ingly employed complex models thus researchers have raised concerns about the
climate impact of training large-scale models. Notably, [16] focused on the envi-
ronmental and economic costs associated with the computations required for deep
learning or Artificial Intelligence (AI) research. They highlight that trainings have a
significant carbon footprint and are not energy-efficient and advocate the shift from
a model training with massive resources to obtain a state-of-art outcome, namely
”Red AI”, to a more climate-friendly AI procedure, the ”Green AI” - essentially a
shift from accuracy to efficiency performance metrics.

Considering the factors mentioned above, the objective of this study is to conduct
a comparative evaluation of the performance of some statistical classifiers, including
Naı̈ve Bayes, Threshold-based Naı̈ve Bayes, Random Forest, Logistic Regression,
and an Artificial Neural Network on MCC problems involving text data. Specifi-
cally, we focus on an extremely complex MCC task by analyzing the well-known
20NewsGroups dataset available in sklearn1.

Our study positions itself in the context of MCC research for text data. It involves
a comparative analysis of various combinations of MCC strategies and classifiers,
striking a balance between performance and computational efficiency. Importantly,
it explores the suitability of combining different classifier-strategy combinations
pairs in handling heterogeneous textual data. Our line of research aligns with the
principles of Green AI, emphasizing the environmental impact of model training.
The ultimate goal is to contribute to the ongoing debate concerning the use of com-
putationally demanding MCC strategies for text data by potentially proposing effi-
cient strategies or highlighting the strengths of specific classifiers, offering valuable
insights for optimizing MCC tasks while prioritizing environmental sustainability.

1 https://scikit-learn.org/stable/
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2 Data and preprocessing

To conduct our investigation, we selected the 20 Newsgroup Dataset [9], a well-
known dataset of news articles that is available from the Sklearn library. The 20
Newsgroup Dataset is widely used in the field of text classification and NLP for
research purposes. It contains 18,846 unique news articles, which are already cat-
egorized into 20 pre-labeled categories. Each news varies from a minimum of 1 to
a maximum of 5761 words, with an average of 85, a median of 38, and a standard
deviation of 241. We cluster the labels into six main topics: IT (Information Tech-
nology) (27.07%), miscellaneous (5.40%), politics (10.24%), recreation (22.02%),
religion (13.41%) and science (21.87%). A brief summary of this composition is
provided in Table 1.

Table 1 Topic-Group Mapping Table
IT misc recreation politics religion science

comp.graphics
comp.os.ms-windows.misc
comp.sys.ibm.pc.hardware

comp.sys.mac.hardware
comp.windows.x

misc.forsale

rec.autos
rec.motorcycles

rec.sport.baseball
rec.sport.hockey

talk.politics.guns
talk.politics.mideast

talk.politics.misc

alt.atheism
soc.religion.christian

talk.religion.misc

sci.crypt
sci.electronics

sci.med
sci.space

In this work, the dataset is downloaded with the a priori exclusion of headers,
footers, and quotes. This is because, generally, these segments of text contain highly
specific or detailed information [15]. Next, we clean and process the documents by
applying a set of text mining techniques popular in Natural Language Processing.
Specifically, the news are converted in text-corpus following a methodology delin-
eated by [7]. We clean the corpus by removing numbers, lowercasing the words,
deleting extra spaces, punctuations, and standard stopwords downloaded with nltk
package. Lastly, we also opt to delete suffixes and prefixes by applying lemmati-
zation2 and the [12] stemming3 algorithm. At the end of this cleaning, the goal of
parsing data is to end up with tokens, which are text readable by the machine. In this
case, we include unigrams4. As a result of this phase, we achieve a document-term
matrix. Each row represents a document (observation), and each column represents
a word (feature) contained in at least one of the documents. The matrix is filled with
the standard practice of the term-frequency inverse-document-frequency (tf-idf) [1].

2 Lemmatization refers to the process for which words are morphologically analyzed with a dic-
tionary, so that the word ”saw” can be converted in ”see”, its present tense.
3 Stemming is a pure heuristic process based on Porter’s algorithm that works, without getting into
the deep, in this way: it has five sequential steps of word cuts based on rules. For the first step, for
instance, the algorithm may reduce the words based on doubled typical letters (caresses becomes
caress”, ”economies” ”economy” and so forth).
4 n-grams are series of n adjacent elements from a given string of tokens
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3 Methodology & Results

Our study focuses on comparing a set of classifiers (Logistic Regression (LR) [8],
Naı̈ve Bayes (NB) [11], Random Forest (RF) [2], Artificial Neural Network (ANN)
[14], Linear Discriminant Analysis (LDA) [10], Support Vector Machine (SVM)
[3], and Threshold-based Naı̈ve Bayes (Tb-NB) [13]) with several Multi-class text
classification strategies: One-Vs-Rest (OVA), One-Vs-One (OVO) [6], Best-of-Best
(BOB) [4] and Error-Correcting-Output-Codes (ECOC) [5]. Thus, we focus on
a widely popular dataset that has been employed in multiple research questions,
namely the 20NewsGroup Dataset [9], a well-known dataset of news articles that is
available from the Sklearn library. Table 2 report the ranks of the classifier-strategy
pairs (strategy-classifier pairs in parenthesis) for Accuracy performance metric (i.e.
the ratio of correctly classified points (prediction) to the total number of predic-
tions). The best average rank for both pairs is highlighted in bold. Moreover, Figure
1 allows to also consider the Training Time (seconds) for each classifier-strategy.
Those predictive results allow to say that:

- Tb-NB shows superior performance, especially when utilizing OVO. However,
its performance notably declines under ECOC. This variability suggests a sensi-
tivity to the chosen strategy-classifier combination and raises questions about Tb-
NB ability to generalize effectively across different strategies. Training time is
moderate and varies based on the strategy employed, with OVA being the quick-
est;
- NB demonstrates robust performance across various strategies, with its optimal
performance occurring when paired with OVA. It shows relatively short training
times, with its quickest being under a second with OVA;
- ANN, LDA, SVM, and RF exhibit increased variability between training and
test sets, as this aspect could speak about the generalization power of the mod-
els. They necessitate longer training times, indicating a poor trade-off between
complexity and time efficiency;
- LR is distinguished by its adaptability, maintaining consistent performance
across all strategies. It consistently requires the shortest training times across
all strategies, demonstrating exceptional efficiency.

Table 2 Accuracy average Rank for Classifier-Strategy Pair on the 20NewsGroup Dataset

Classifer BOB ECOC OVA OVO avg. classifier Rank
ANN 5 (1) 3 (3) 6 (4) 5 (2) 4.75
LR 3 (2) 2 (4) 3 (1) 4 (3) 3
NB 2 (2) 4 (4) 4 (1) 3 (2) 3.25
RF 6 (3) 5 (2) 5 (1) 6 (4) 5.5

TB-NB 1 (2) 7 (4) 1 (3) 1 (1) 2.5
LDA 7 (3) 6 (1) 7 (2) 7 (4) 6.75
SVM 4 (4) 1 (3) 2 (1) 2 (2) 2.25

avg. strategy Rank (2.4) (3) (1.9) (2.6)
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Fig. 1 Trade-off between Training Time and Testing Accuracy

4 Concluding remarks

Our analysis shows that classifier choice significantly affects prediction quality and
time impact. Environmental implications of model and strategy selection are signif-
icant and should be considered in the broader context of sustainable AI and compu-
tational efficiency. As we move forward, the integration of eco-friendly practices in
machine learning will be a priority, necessitating a balance between model perfor-
mance, computational demand, and environmental impact. However, the strategy’s
role is crucial and should not be underestimated. Optimal performance likely de-
pends on the right combination of classifier and strategy, tailored to the data distri-
bution.
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