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1. Motivation

Twitter is a social media service that contains a lot
of data about people’s behaviors and interests. These
data probably can be organized into subgroups that rep-
resent profiles of tweets and, thus, of the users. These
profiles can be useful for many tasks (marketing, polit-
ical science, government, product development, etc.).
However, given the amount of data as well as its com-
plex nature (space, time, content and social), these pat-
terns cannot be obtained manually.

Therefore, the goal of this project is the design and
development of an automatic tool to retrieve and dis-
play the patterns mined. The scientific contribution is
the development of a Data Mining method to gener-
ate clusterings representing a weighted combination of
four different dimensions (space, time, content and so-
cial).

2. Goals

This dissertation aims to identify tweet profiles by
analysing multiple types of data: spatial, temporal, so-
cial and content. The goals are to:

• Develop a knowledge extraction methodology
that allows to combine different types of infor-
mation, in a flexible manner;

• Create a visualization tool to display the results
extracted;

• Apply this methodology and tool to a test case
referent to the Portuguese twittosphere.

3. Project Summary

The work carried out in this project is organized ac-
cording to its goals: clustering based on the weighted
combination of 4 dimensions, development of a visu-
alization tool and validation of the approach on a test
case.

3.1. Clustering in spatial, temporal, content
and social dimensions

Distance measures within this dissertation serve
the purpose of defining the dissimilarity between each
pair of tweets, which is the basis for clustering.

We consider that each tweet is formally defined as
ti, where i is the index identifier on the tweet data col-
lection. The distance functions between two tweets ti

and tj are hereby defined as distX(ti, tj), where X is
the dimension in which the function maps the values.
X can take the values Sp, T, C, So which are related
respectively to the spatial, temporal, content and social
dimensions.

The distance functions chosen for our approach
were haversine [1] for the spatial dimension, the time
interval function for temporal dimension, cosine dis-
similarity based on a TFIDF representation for content
[2] and the geodesic distance defined on the followers
social graph for social dimension [2].

The specific data structure to store clustering dis-
similarities is known as a dissimilarity matrix. We de-
fine formally a dissimilarity matrix as DX , where X is
the dimension. Within each dissimilarity matrix DX ,
the distance value in row i and column j is defined as
dX(i,j).

The distance combination refers to the application
of a weight system on all 4 dimensions with the goal
of obtaining a new combined matrix. The weights de-
termine the importance of each dimension and the final
result must reflect the importance assigned to each di-
mension. The combined matrix contains all dissimilar-
ities multiplied by the weight value to the dimension,
but always maintaining the weight sum to 100%.

The weight system chosen is com-
posed of 35 combinations. For each
weight value wSp, wT , wC , wSo, we have that
wSp, wT , wC , wSo ∈ {0, 0.25, 0.5, 0.75, 1} | wSp +
wT + wC + wSo = 1.

However, to obtain relevant results, it is necessary
to normalize the matrices. The purpose of normaliza-
tion is to use the same scale across different dimen-
sions in order to assure that the importance of each di-
mension is determined by its weight rather than by its
scale. Therefore, a min-max normalization was used
[2].

The combined matrix of all four dimen-
sions D4D is the sum of each primary matrices
(DSp, DT , DC , DSo) multiplied by the respective
weight value (wSp, wT , wC , wSo) (equation 1).

D4D = wSpD
Sp+wTD

T +wCD
C+wSoD

So (1)

The clustering algorithm DBSCAN [3] is applied
to every combined matrix to obtain the results to be
displayed in the visualization tool.



3.2. TweeProfiles

The chosen strategy to represent the patterns as-
sumes a spatio-temporal representation as the basis
with the other dimensions overlaid on top of those.
This decision was motivated by the fact that space and
time are the most intuitive dimensions and the easiest
to represent and interpret. An example screenshot is
presented in figure 1.

An interactive map is the basis on which to plot the
geo-referenced tweets and clusters and a timeline de-
fines each cluster duration. This bipartite representa-
tion is based on the methodologies used by [4] and [5]
in their projects related to spatio-temporal representa-
tion of Twitter information.

The remaining dimensions, content and social, are
presented in a separate part of the window. The content
dimension is represented by a list of the most common
words in the selected cluster and the social dimension
uses an interactive graph, displaying as a minimum
spanning tree, to represent the relationships among the
most relevant users in the global social graph.

Fig. 1 – Visualization tool.

3.3. Test case: TwitterEcho

The TwitterEcho project [6] is a research platform
for extracting, storing and analysing the Portuguese
Twittosphere for R&D and journalistic purposes. This
platform accesses the Twitter Streaming API to collect
real time tweets.

Among TwitterEcho’s databases, the GeoDB will
be the main data source for this project since it con-
tains a collection of georeferrenced tweets extracted.
The test case is a collection of tweets dated between
May 2012 and February 2013, consisting in a total of
119558 tweets.

The results extracted by our application over this
test case are too vast to be summarized in this docu-
ment. Therefore, we advise to visit the TweeProfiles
webpage1 to visualize the type of information that can
be extracted.

4. Conclusions

To accomplish goals of this dissertation, a data
mining process was developed with different stages:
data preparation, dissimilarity matrices computation,
matrices normalization and combination and lastly,
clustering.

A different distance function was chosen for each
dimension (Haversine, Time Interval, TFIDF plus co-
sine similarity and geodesic) and the dissimilarity ma-
trices computed. Normalization was made using the
min-max normalization function and the clustering by
using DBSCAN.

The results are exported to a visualization tool that
uses visual patterns to represent all dimensions. It uses
a map, a timeline and a graph to enable the results
representation and analysis. These widgets allow the
simultaneous representation of the same information
in different dimensions and the interaction enables a
deeper exploration of the results.
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