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- Prof.ssa Maria Maddalena Barbieri, Università Roma Tre
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Social emotional data analysis. The map of
Europe
Analisi emozionale dei Social Network. La mappa
dell’Europa

Felicia Pelagalli, Francesca Greco and Enrico De Santis

Abstract In this paper we present an investigation of the emotional content con-
veyed by words in online conversations captured on Twitter. A multivariate tech-
nique applied to co-occurence of words together with Correspondence Analysis is
adopted in order to find clusters of meaningful words detecting emotional categories
that provide meaning to everyday events. Specifically, given the current historical
period, where the European Union has to gain trust in its citizens, a corpus of 155000
tweets selected through the Italian keywords “Europa” and “EU” is analyzed. Re-
sults show clearly how the textual content is structured according to the different
emotional expressions.
Abstract In questo articolo è presentata un’analisi testuale che esplora il contenuto
emozionale delle parole nelle conversazioni su Twitter. È stata adottata una tecnica
di analisi multivariata applicata alla co-occorrenza delle parole assieme all’analisi
delle corrispondenze al fine di raggruppare le parole in cluster di significato e in-
dividuare le categorie e le emozioni che danno senso agli eventi – ossia, i signifi-
cati attribuiti agli eventi dagli attori partecipanti a un determinato contesto. Dato
il particolare periodo storico in cui versa l’Unione Europea, che si trova a dover
guadagnare la fiducia dei propri cittadini, è stato preparato ed analizzato un cor-
pus di 155000 tweet selezionati attraverso le keyword “Europa” ed “EU”. I risultati
mostrano chiaramente come il contenuto testuale è strutturato secondo le differenti
espressioni emozionali del fenomeno.
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Key words: Text Mining, Social Data Mining, Multivariate Analysis, Correspon-
dence Analysis, Clustering.

1 Introduction

With the spread of social networks and micro-blogging platforms, statistical method-
ologies boosted with machine learning techniques find their natural habitat in the sea
of available online data. In fact, related techniques enable us to perceive the feel-
ing that runs through the network. An overwhelming quantity of conversations are
exchanged, mostly through words in a written form. If from one side it can be pos-
sible grasping the opinions underlying the online social exchanges, from the other
it is clearly interesting to have a measure of the emotional significance that gives
meaning to social phenomena. Now more than ever, this knowledge can help in-
stitutions and community managers to realize people needs and problems. It is the
emotion that drives us in making relation with the objects of a given context on
the basis of affective symbolizations and social representations. Hence, in convey-
ing emotions, words show the functioning structure of the mind-brain, according
to a dual logic [1]: i) the asymmetrical conscious thought which allows entering in
a relationship with a context or event; ii) the symmetrical emotional thinking that
the context or the events immediately arouses within us. Thus, the content analy-
sis of conversations has to catch and externalize the emotional “density” conveyed
by words or chains of words, through suitable knowledge models substantiated by
statistical techniques, such as the multivariate analysis. In fact, the latter, as an un-
supervised technique, can find recurrences, relations between nodes of a network
or can help grouping words in meaningful clusters, detecting emotional categories
that provide meaning to everyday events. According to this framework, the linguis-
tic communication can be interpreted not only on the basis of its semantic elements
but also through the emotional framework that yields value to a given text. This
context fits with the co-occurrence analysis of words, used as the first step of our
investigation, to find associative links among words. In this study we analyze online
conversations trying to discover how they are organized within the current social
context and upon a given object represented by a set of keywords. Specifically, the
corpus consists in 155000 tweets gathered, in the time period ranging from January
11, 2017, to February 11, 2017, trough the Twitter API, filtering the stream by the
Italian keywords “Europa” and “UE”. The corpus is analyzed through a pipeline of
statistical and learning techniques briefly described in next section. Specifically, in
order to obtain a thematic analysis based on the co-occurrence of lexical units upon
the corpus at hand, a mapping of the latter in the Vector Space Model (VSM) [2]
is performed. The k-means algorithm is then adopted obtaining a suitable partition
through the cosine dissimilarity measure between word vectors. Finally, the Boolean
contingency matrix, describing documents membership to the retrieved clusters, is
analyzed with the well-known Correspondence Analysis (CA) technique.
The current paper is organized as follows. In Sec. 2 we provide a brief summary
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of the adopted methodology, while in Sec. 3 main results are discussed. Finally,
conclusion are drawn in Sec. 4.

2 Material and methods

To finalize the herein proposed investigation, data is cleaned and pre-processed. In
particular, instead of raw words, lemmas as main categories are used. Subsequently,
the the most common words and the very rare words are filtered out. Lemmatization
and filtering allows to obtain a more compact VSM, reducing even the sparsity of
the model. We note that in the current section the formal terms “document” and
“context” are interchangeable, such as “term”’, “word” or “lexical units”. Following

Fig. 1 Schematic diagram of the adopted methodology for measuring the emotional structures
underlying the online conversations.

the diagram of Fig. 1 the analysis presented is centered on the VSM [2], a particular
vector or distributional model of meaning. VSM is based on a co-occurrence matrix,
i.e. the word-document matrix, that is a way of representing how often words co-
occur. From a methodological point of view the VSM embeds information retained
within a corpus in a vector space representation, substantiating the distributional
hypothesis according to which words that occur in similar contexts tend to have
similar meanings. Lets define the term-document matrix X = [d1,d2, ...,dD] where
the content of each document vector d j = [w1,w2, ...,wV ] is represented as a vector
in the term space of dimension V that is usually the dimension of the vocabulary. A
standard weighting scheme, used in the current work for wi, is the the tf-idf (term
frequency-inverse document frequency) [3], that provides higher weights to terms or
words that are frequent in the current j-th document but rare overall in the collection.

In order to measure the similarity between two documents dp and dq enabling the
cluster analysis, a well-suited similarity measure is used. It is the cosine similarity,
that is sim(dp, dq) = cos(dp,dq) =

dp·dq

�dp��dq� .

The k-means algorithm is a partitional clustering algorithm [4, 5] based on
squared error optimization approach. Specifically, given a set of objects (word vec-
tors) X =

{
d j
}D

i=1 ∈RV , where V is the dimension of data vectors, it finds a suitable
partition P= {C1,C2, ..Ck} so that the sum of the squared distances between objects
in each cluster and the respective representative element is minimized:
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argmin
P

k

∑
i=1

∑
x j∈Ci

∥∥x j − ci
∥∥2

, (1)

where ci is the representative of the i-th cluster Ci. Belonging to the family of
the NP-Hard problems, a complete analytical solution is not know and k-means
as greedy algorithm, can only converge to a local minimum.

CA is a statistical method useful for data visualization that is applicable to cross-
tabular data such as counts, compositions or any ratio-scale data. In this work, it
is performed on the Boolean contingency matrix describing the partition P [6]. Let
P denote a qr × qc data matrix with non negative elements that sum up to 1, i.e.
1T

qr P1qc = 1, where in general 1q is a q-dimensional vector of ones and T is the
transpose operator. The CA is formulated as the following least-squares problem:

min
A,B

∥∥∥P̃−D1/2
r ABT D1/2

c

∥∥∥
2
, (2)

where P̃ = D−1/2
r

(
P− rcT

)
D−1/2

c , r = P1qc , c = PT 1qr , Dr and Dc are correspond-
ing diagonal matrices. The column coordinate matrices A and B are of rank k that
is the dimensionality of the approximation. By imposing BT DcB = Ik, it is pos-
sible obtaining a solution through the well-known Singular Value Decomposition:
P̃ = UΛVT , where Λ is a diagonal matrix with in descending order the singular
values on the leading diagonal and U and V are orthonormal matrices. A least-
squares approximation of P̃ is obtained by selecting the first k columns of U and
V and the corresponding singular values in Λ . Finally, the coordinate matrices are
A = D−1/2

r UΛ and B = D−1/2
c V, so that AT DrA = Λ 2. Given the coordinate matri-

ces the row coordinates are referred to as principal coordinates whereas the column
coordinates are standard coordinates. The two sets of coordinates are also known
as biplot and the inner-product D1/2

r ABT D1/2
c in (2) approximates the data. If the

matrix P constitutes a contingency table, P̃ is the matrix of standardized residuals,
i.e. the matrix of standardized deviations from the independence model. Hence, a
low-dimensional approximation of these standardized residuals is given by the bi-
plot coordinates in A and B. In other words, it can be shown that this biplot will
approximate, by euclidean distances on the plot, chi-square distances in P. Chi-
square distance is mathematically the euclidean distance inversely weighted by the
marginal totals.

3 Results

As concerns the cluster analysis the cardinality k of the partition P is set to 5. In
Tab. 1 are reported the explained variances for each principal components that here-
inafter are named “factors”. In Fig. 2 we can appreciate the emotional map of the
Europe coming out from Italian tweets. It shows how discovered clusters are placed
in the factorial space, whereas in Tab. 2 is reported the factors–clusters matrix that
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summarizes our main findings. The emerging map shows on the horizontal plane a
sharp contrast between the “political power” and the “populist protest”. The cluster
of words C1 sees the chill and sooty European institutional places that are perceived
as a remote center of power in which citizens do not definitely recognize them-
selves. The theme is the election of Antonio Tajani as president of the European
parliament and Pittella defeat. Congratulations words, but even disappointment and
irritation for who does not feel represented (dividere, urtare, sensibilità, impera).
On the opposite side, a strong sense of helplessness regarding the big problems,
such as immigrants and the economic crisis. C3 is characterized by the UE plan
proposed in order to stop the sea blockade in front of Libyan territories. We have
also tweets where the Italian Economy ministry is perceived as “unable”, while the
former prime minister Matteo Renzi together with Angelino Alfano (current Ital-
ian foreign minister) are considered “hypocrites”. Another emerging contrast on the
vertical plane is the “success of the economic power” and “people problems”. From
C2 it emerges a two-speed Europe and the “economic power”’ represented by Ger-
many with the chancellor Anghela Merkel and the president of the European Central
Bank Mario Draghi. It is a strong power (velocità, vincere) that cohabits/forgets the
human tragedies (permettere, vergognarsi ). On the opposite side, C5 refers to the
necessity of funds for places hit by the earthquake. Furthermore, it shows clearly
the arising of new political movements, such as the one referred to Marine Le Pen
in France, evidencing tension, betrayal, isolation and risks for Europe. Finally, in
C4 (in a middle position on the map) we find the ambivalence fear/anguish related
to the dichotomy opening–closing, where closing seems to prevail together with the
fantasy of closing themselves off in the localism to avoid chaos. This is a cluster
full of fears that undermine the Altiero Spinelli’s project for a united Europe. C4 is
close the origin of axes on the factorial map, in fact it contains basic emotions that
seem to span all the facets of the underlying discourse.

Table 1 Explained variance for each factor.

Ind Eigenvalues % Cumul. %

1 0.1538 29.54 29.5438
2 0.1308 25.14 54.683
3 0.1214 23.32 77.9995
4 0.1145 22.00 100

4 Conclusion

The current paper presents an analysis of a huge corpus of tweets in Italian language
based on a set of statistical techniques, specifically a Cluster analysis and a Corre-
spondence Analysis. Unlike the current sentiment analysis techniques, the proposed
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Table 2 The factor-clusters matrix.
Factor 1 Factor 2 Factor 3 Factor 4

C1
– – changing – Problems related to the political power unable to drive the changing.– -0,2485 0,2177 -0,5145

C2
hopes power changing – The success is related to the economic power represented by A. Merkel

and M. Draghi.-0,5119 0,6132 0,2352 0,0558

C3
alert – changing injustice Alert generated by the changing related to balance of powers.0,3088 -0,1367 0,2492 0,3808

C5
alert – changing injustice The idea about the union with the social power of foreign countries

because of the loss of identity.0,4653 0,3534 -0,5362 -0,1396

C5
hopes problems product – The European genesis has a cost that causes problems: economic

request for help and the rejection to give.-0,5718 -0,4382 -0,4911 0,2101

Fig. 2 The map of the Europe.

methodology takes into account the conversations on social networks like structured
corpora, in which the relationships between words can be described beyond the eval-
uative bias (positive/negative or agree/disagree), giving rise to a dense structure of
meaning. Results show clearly how the textual content is structured according to the
different emotional expressions.

References

[1] Matte Blanco. L’inconscio come insiemi infiniti. Biblioteca Einaudi, 2000.
[2] Gerard Salton. The smart retrieval system – experiments in automatic document

processing, 1971.
[3] Karen Sparck Jones. A statistical interpretation of term specificity and its ap-

plication in retrieval. J. documentation, 28(1):11–21, 1972.
[4] Ravi Kannan, Santosh Vempala, and Adrian Vetta. On clusterings: Good, bad

and spectral. J. ACM (JACM), 51(3):497–515, 2004.
[5] Anil K. Jain. Data clustering: 50 years beyond K-means. Pattern Recognit.

Lett., 31(8):651–666, June 2010.
[6] M. van de Velden, A. Iodice D’Enza, and F. Palumbo. Cluster correspondence

analysis. Psychom., 82(1):158–185, 2017.


