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Abstract

The social platform Twitter is one of the most famous world microblogs.
Monthly, it hosts hundreds of millions of visitors who publish a large amount
of data that is consumed by others. Some of these publications help to others
to generate knowledge. Users who generate content in a particular area,
helping people to increase their knowledge, are classified as authorities in that
field. This content could be exploited by students to improve their academic
performance. In this paper, we present a system to identify and recommend
authorities in a particular area based on machine learning, supervised and
unsupervised techniques. To verify accuracy and our model, we developed
several tests within a particular topic. The results show that the system can
identify authorities with an average accuracy of [78.82 + 2.51] %, representing
a high degree of confidence.
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1. Introduction

The emerging network society [1,2], based on communications skills and social
interaction provided by the omnipresence of the Internet, is creating new
development opportunities in different fields of citizens life, such as,
economics, politics, education, and research. Global communications networks
have been and are being deployed around the world. Consequently, this
deployment leads us to think about the Internet as the linchpin of the new social
structure.

Therefore, developments in the field of information and communication
technology (ICT), electronic technology, and wireless communications systems
are generating great environments of digital information and they are giving to
their users free movement and access to information resources. Similarly,
growing interest in social networks —a group of technologies that uses Internet
applications to allow people sharing and creating information through social
networks— provides new forms of socialization and networking among people
located hundreds of kilometers away from each other [3]. For instance, billions
of people around the world use their social networks to share and post feelings,
personal experiences, and activities that they do every day [4]. Thus, social
media is used by people to communicate and interact with each other despite
their location or time zone [5].

In this context, educational processes cannot be limited to time and space
constraints of traditional classes. This new social and digital environment is
changing the way that students learn. Learning networks —based on interaction
in social networks and information sharing— might stimulate teaching
efficiency and learning processes.

E-learning environments require the support of technological tools, such as
wikis, blogs, and social online learning. Considering that knowledge changes
steadily, the interchange of this knowledge using social networks has become a
stronghold in learning process [6]. Furthermore, the huge amount of data,
generated by social networks users, hides different knowledge to be discovered.
Mainly, decision makers (in industry, education, politics, and more) have to dig
into this data to understand how their professional environment works by
disclosing this knowledge [7].

Due to social media users produce and consume information, they are also
known as “prosumers”. These users’ activity causes that messages related with
a specific topic can reach dozens of thousands every day. In order to validate
these information (knowledge), it is relevant to identify true authorities in a
desired topic. For example, regarding to Twitter, there are different models,
algorithms and metrics that are used to recognize people considered as
authorities in a subject [8]. In addition, it is required to know how to process
unstructured messages to determine if they have information regarding to a
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particular field. So, it is necessary to search for text in accordance to a given
word or taking in account the context. Also, the number of words used in a
message has to be processed in a right manner to select relevant posts [9]. The
aforementioned points should be considered to process messages gathered from
social networks related to any topic or any purpose for which they will be used.

Thus, learning networks can be formed between students and authorities
encouraging efficiency of teaching and learning processes. This paper aims to
analyze and classify authorities and contents for students in different topics.
Specifically, it will analyze authorities profiles and content quality of tweets
posted by themselves. Hence, this collected information will be used to generate
recommendations to students about these topics.

r

Teacher Students

¥ Platform Account
TO i C Topic: We recommend you to
° p follow @Userl @User2 @User3

Fig. 1: Conceptual structure of the recommendation system

Authority
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This paper is organized as follows. We begin, in Section Il, with an overview of
previous approaches to identify authorities on topics within social networks.
Then, we provide an overview of the architecture of our proposal. Section IlI
contains results of our experiments. Conclusions and future work are given in
Section IV.

2. Related Work

People are surrounded by a huge amount of information that we need to share
and exchange with others. Arrival of social networks has opened a new
communication channel for this propose. However, shared information is
generated by users who may be authorities or not in each of the topics. This
situation strongly restricts its use without priori analysis.

Particularly, social platforms, called microblogs, have captured attention for its
remarkable feature of posting short messages in real time, which is suitable for
multiple devices, especially mobile devices. A giant of these kind of social
platforms is Twitter’, which is one of the most popular data sources in the
world. This platform allows publication of short text messages up to 140

Twitter: number of monthly active users 2015. https://www.statista.com/statistics/282087/number-of-monthly-active-twitter-users/.
Accessed September 20, 2016
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characters in real time. It has a labeling system that allows us to categorize a
publication and speed up our search.

The exploitation of Twitter contents can be beneficial for virtual learning
platforms. In particular, there are numerous authority users who are constantly
publishing relevant and reliable information regarding to a particular topic.
These publications may help students to deepen various subjects, increasing
their knowledge and ensuring greater academic performance.

In a literature review, we can find several approaches that address the problem
of identifying authorities on topics in microblogs. In 2010, Twitter launched a
service for recommendation of whom to follow, based on the analysis of a
keyword, users profile, their activity, and other aspects. This service, called
Who To Follow, uses graph theory to achieve its goal. However, this approach
has several limitations. For this reason, different algorithms, based on machine
learning techniques, have been proposed [10]. The Framework TwitterRank
[11] employs machine learning algorithms and graph theory to identify the most
influential users in a fixed set of topics, previously identified. There is a
limitation in this approach since the identified issues are fixed, so you cannot
use it to identify authorities in varying themes. In [12], the authors propose an
algorithm based on a machine leaning unsupervised technique, specifically, a
probabilistic clustering based on a set of characteristics. Initially, tweets are
extracted based on a keyword; then using probabilistic clustering algorithm, a
set of authority users is created in the area, to finally be filtered to select the best
k. This algorithm reported good results, allowing to add new users based on
their contribution to the topic rather than their online activity. Other researchers
have focused on knowledge of the crowd to determine users who are authorities
in certain topics. Twitter allows its users to create lists of other users who want
to receive notifications [13].

3. System Architecture

Our system is designed to provide greater support to formal education.
Therefore, its architecture consists of two main parts: a learning management
system, where information about the course and various resources provided by
teachers and students are stored and shared; and a recommender system, which
analyzes topics covered in the course, chooses authorities that are presents in
social networks and, additionally, provides recommendations to students. Fig. 1
shows the overall process followed by our proposal. In this paper, we only
discuss the recommender system. In the remaining part of this Section, we will
analyze the structure of the recommendation system.

A. Authority Recommendation System

The main goal of the system is to recommend the top Twitter users who have
expertise in a particular topic. To do so, we rely on the homophily feature,
which many social networks have, including Twitter.
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The homophily is a strong organizing principle of social systems and refers to
the tendency of individuals in a social system to link with others who are similar
to them rather than those who are less similar. For example, users may be
similar to each other if they live in the same city, they share same topics, they
have related jobs, etc.
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Fig. 2: Processes of identification and recommendation of authorities

We assume that many authorities on a particular topic may be friends of each
other in Twitter due their similarities. Thus, the system finds a particular
authorities community in the social platform and then recommends the best
ones. Consequently, the system is composed of two main procedures: i)
Identification of Authorities and ii) Recommendation of Authorities. Fig. 2
illustrates the system processes.

Identification of Authorities

This procedure is responsible for finding the possible authorities in a particular
topic among Twitter users. We assume that a user is a topic authority if he/she
publishes something related with the topic. Therefore, this procedure finds
every person who tweets something about a particular topic and tags him/her as
a possible authority (i.e. this procedure returns a set of possible topic
authorities).
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A supervised machine learning classification method is used to determine
whether a tweet is related with a topic. Specifically, we are using a text
classification method where tweets are the documents and topics are the labels.

Many text classification methods are based on a Bag of Words (BOW) for each
class. A BOW is a set of keywords or key-phrases related with a topic; those
keywords or key-phrases are usually composed only by adjectives, nouns and
proper nouns. Thus, we need to build a BOWSs for each topic. To do so, we are
using an unsupervised approach for key-phrases extraction such as Tf-Idf and
TextRank.

Finally, every user, who owns a tweet classified on a topic, will be added in the
set which contains the authorities in the particular topic. The procedure of
Identification of Authorities is composed of the following activities:

1. Real-time Tweet Crawling: This activity is responsible for catching
tweets in real-time through the Twitter Streaming API. To capture
tweets that might be related with a specific topic the process can filter
tweets with basic keywords. The activity keeps metadata related with the
user who is owner of the publication and with the tweet itself. Metadata
related with the user are the following: id, creation date, screen name,
description, and number of publications, followers and friends. Metadata
related with the tweet are the following: creation date, number of
retweets and favorites, hashtags, user mentions, URLs and the text
content of the publication.

2. Preprocessing: This activity processes each captured tweet. It processes
the description of the user and the text content of the tweet by
eliminating user mentions, URLS, stop words and punctuations. Also,
words that only make sense in the context of Twitter are eliminated. For
instance, the word RT is used to let the users know that the tweet is a
duplicate, so it should be removed.

3. Feature extraction: This activity builds the feature vector for each tweet.
Construction of a feature vector is based on two BOWSs. The first one
corresponds to the keywords usually used in the description of the users
that publish something related with a topic; the second one corresponds
to the key-phrases usually used in the text content of tweets related with
a topic. Each entry of the feature vector represents whether the user's
description or the tweet's text-context that contains a word of the BOWs.
Also, the feature vector includes other normalized data such as number
of ret weets, favorites, hash tags, user mentions and URLSs.

4. Topic Classification: given the feature vector s and the topic
classification model M, this activity determines the topic of the tweet. If
the tweet is related to topic t, then the tweet owner is added to a set of
authorities in topic t. We use a trained support vector machine to classify
each topic.
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Recommendation of Authorities

This procedure is responsible for ranking the authorities, obtained by the
procedure of Identification of Authorities, to recommend k top authorities.

Ranking of authorities is based on graph theory. There are several methods that
rank vertices according to the structure of the graph. PageRank, SimRank or
Twitter Rank are some of the many methods that we can use to rank authorities.
In our case, we use Page Rank.

The procedure of Recommendation of Authorities is composed by the following
activities:

1. User Information Extraction: This activity extracts the following and
follower relationships between each pair of users contained in the set of
authorities returned by the procedure of Identification of Authorities.
The relationships identified are added to a set of relationships.

2. Graph Construction: This activity builds a subgraph of the Twitter social
graph, denoted with G = (V, E), which is composed of two sets: V and
E. The elements of V are the vertices of G (i.e. the authorities found).
The elements of E are the directed edges of G (i.e. the relationship
between the authorities).

3. Ranking of Authorities: This activity executes a rank method
(PageRank) over the built social graph. Once the vertices are ranked, the
activity returns the k top users.

Once the process returns the top users of the generated subgraph, the system
publishes those users on the Twitter account of the platform to recommend them
to the students of the courses.

4. Evaluation and Results

In this section, we present the results of the tests executed for the Identification
of Authorities procedure.

Firstly, we defined a specific topic. Then, initial keywords related with the topic
were selected. Next, a process of live download of tweets was executed for
three days in a row. Fifteen thousand of tweets related with the topic were
captured by the end of the process.

Two thousand randomly selected tweets from the previously captured set were
employed as the initial subset to train a classification model to identify possible
authorities in the topic. Random selection allows us to be neutral of the location
where the tweets were published.

Authorities in the topic were in charge of the labelling task of the selected
tweets. Only two hundred and seventy tweets (13.5 %) were labeled as tweets
related with the topic. So, we assume that many Twitter users employed the
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initial keywords in their tweets even if they were not related with the topic. The
final subset was reduced to six hundred tweets, were two hundred and seventy
tweets are related with the topic and rest are not.

Finally, one hundred simulations of the training and test of the classification
model were executed using the final subset. As a result, the classification model
has an average accuracy value of [78.82 + 2.51] %.

5. Conclusions and Future Work

In this paper, we have presented the architecture of a recommender system that
selects authorities on a particular topic based on their publications on Twitter.
Experiments show that our system can identify authorities with an average
accuracy of 78.8% and with a standard deviation of + 2.51 %.

Currently, we are developing several tests to compare our proposal with other
platforms and other recommended algorithms presented in the literature review.
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