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1 MULTIVIEW APPROACHES ON DATASETS WITH LIMITED AVAILABILITY OF LABELS

With the emergence of social web and various systems based on user-generated content (e.g. social networking systems,
blogs, multimedia portals, e-shops), an enormous amount of data capturing user behaviour became available. These
data can be utilized by various data analysis and machine learning methods with the aim to understand and predict
users’ behaviour. The results of these methods can be used to support users with achieving their goals (e.g. to predict
products that a customer may be interested in), or to identify anomalies, which correspond to suspicious behaviour (e.g.
social spamming).

Within this area, consideration of data from multiple sources and of multiple types can significantly contribute to
achieving better results. The data-driven methods, which systematically exploit different perspectives on data, are
called as multiview approaches. These methods are fundamentally based on data integration (also known as data fusion),
which can take place in three different phases [2]:

• In early integration, data are connected during data preprocessing step before the data analyses or machine
learning models are actually built. In this case, the most challenging problems are how to perform identification
of the same entities (e.g. identification of the same user in different social platforms) and how to deal with large
number of features (i.e. curse of dimensionality).

• Intermediate integration happens during the model building process, while specific machine learning approaches
are utilized (so called, multiview learning methods). In the recent survey on this kind of methods [5], these
approaches have been divided into three groups: 1) co-training style algorithms; 2) co-regularization style
algorithms; and 3) margin-consistency style algorithms.

• Late integration is performed after the models are built by merging their individual predictions by means of
various voting schematas or ensamble learning methods.

Multiview approaches provide a significant advantage not only in consideration of multiple perspectives on data,
but they may be successfully used also in cases when large labelled datasets are missing and human annotation is
very expensive. For example, co-training (as a particular semi-supervised learning technique) is fundamentally based
on two independent views on data, while a separate machine learning model is trained on each view. Consequently,
the predictions with high confidence from each classifier are used as new labelled samples to iteratively train new
classification models.

2 MULTIVIEW APPROACHES TO CHARACTERIZATION AND DETECTION OF MISINFORMATION

Multiview unlabeled data, which require expensive manual evaluation, are very common in real-world situations. The
domain of antisocial behaviour and specifically the task of characterization and detection of misinformation, is not an
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exception. News, articles, blogs, posts on social networking sites, which may contain various kinds of misinformation,
can be characterized as multiview data from several perspectives:

• Multimodality as their content may contain text, images, videos, audio records [3].
• Multisource as the misinformation usually spread across different types of sources (news websites, social net-
working sites) and in addition, the same misinformation may be spread by several sources (of the same type) in
parallel.

In spite of growing amount of research, multiview approaches still represent an open problem and future research
direction. One of inhibitors is a lack of appropriate standardized, information-rich and labelled datasets [1, 4]. We
decided to address this problem by a proposal and development of Monant platform, which will gather multimodal data
from multiple sources by means of web data extraction. In addition, it will support labelling by means of crowdsourcing
and active learning.

We plan to apply various multiview approaches to characterization and detection of misinformation. As an example,
we can provide our ongoing work on a novel fake news detection method, which performs misinformation detection in
two steps:

• At first, we take advantage of data gathered from multiple sources. The clustering is performed on document
vector representations (e.g. LDA or doc2vec). The results of clustering are groups of news describing the same
story (or so called narrative).

• In the second step, we derive two features sets: 1) standard features describing an individual article (such as a
title length, a number of references); 2) narrative-based features describing a cluster of news (e.g. a ratio of fake
news, a similarity with the most similar true/fake article).

The preliminary results show us that the narrative-based features can significantly improve the performance of
misinformation detection model.

In future, we plan to fully take advantage of multiview data, e.g. by exploiting multimodality of misinformation
content. To tackle the problem of insufficient amount of labelled data, we will transfer methods for unsupervised
multidimansional data analysis and anomaly detection typically used in different domains (e.g. financial and other
transaction data) into the domain of misinformation detection to be able to detect misinformation from the behavioral
data and to add the behavioral or transactional point of view.
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