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Abstract. Social networks have become central for public debate. How-
ever, this debate occurs, in many cases, in a polarized and socially frag-
mented way. The importance of a specific type of polarization marked
by the expression of emotions (affective polarization) has recently been
pointed out. This work seeks to analyze affective polarization through the
study of opinions shared by users of Twitter during competitive events
such as a political election (United States electoral campaign, 2016).
To operationalize the affective polarization we propose, first, to con-
sider the relationship between the user opinions about each contender.
This approach allows us to describe what is the opinion of the sup-
porters of one contender about the rest of them. Secondly, we combine
sentiment analysis techniques, new diagrams describing graphically the
tension between the positive and negative opinions, and numerical mea-
surements obtained employing techniques borrowed from physics such
as the gravity centers to identify and measure affective dispositions of
users participating in this discussion. In summary, a way of measuring
an emergent and central type of polarization in competitive contexts is
proposed here.
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1 Introduction

Initially proposed by Barnes [1] in the field social science, the concept of social
network acquired a strong impulse with the raise of Internet, and in particular
with the creation of social network web sites. According to Ellison et al. [2], a
social network web site (Twitter in our case) is a web-based service that allow
individuals to publish information under a public or semi-public profile, manage
the list of users with whom they are connected, and check information shared
by other users.

Social networks become particularly active during competitive events, where
several contenders struggle to achieve some goal. Examples of such events include
political processes [3-5], sport championships [6], or even song contests [7].
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In these events, the users post their messages, often expressing their support
or disagreement about each candidate. These opinions contain valuable informa-
tion that can contribute to a better understanding of the process. In order to
analyse the large amount of user opinions, techniques such as sentiment analy-
sis [8] are employed. These techniques generate values representing the opinion
of a post about a particular subject, in our case about each candidate. In our
paper we assume that each post can be labeled as —1 (negative, which we call
sometimes ‘hate’), 0 (neutral) or +1 (positive also called in this paper ‘love’),
obtaining a different label for each candidate. Next, the message polarities from
the same user are averaged to obtain the user opinion about each contender.

This process yields information about the support of each contender in the
social network. However, this says little about the polarization of the debate,
which constitutes an important question in the academic literature [9]. For this
reason, this work proposes a methodological instrument devoted to analyze the
level of polarization in these events.

In this paper we focus on the case of events with two contenders, in order
to adequately describe the methodology, but it can be easily generalized to pro-
cesses with more than two participants. The next section shows the diagrams
and measurements that we propose to study this process. Then, in Sect.3 we
apply these tools to the particular case of the USA 2016 elections in Twitter.
The paper ends showing some conclusions and future work.

2 Detecting Love and Hate

We are interested in inferring the opinion that Twitter users have towards two
candidates in an electoral process, which we will call candidates C and T due to
similarity to the case study that will be presented later.

At the top of the Fig.1 is shown the process of assigning sentiment values
to users. We assign a value X; to the user u;, (where X can be T or C) given
by the average of the opinion values assigned to X in each message of u;. The
values X; = —1 indicating totally negative sentiment or hate, X; = +1 totally
positive or love, and X; = 0 a neutral sentiment for the candidate X.

We call UX the set of users with sentiment for candidate X. In general,
there may be users who never post about a candidate and also messages where
the users post about both. This implies that, in general, the sets U and UT
have a different number of elements. We denote by U¢T = U N U7 the set of
users with sentiment for both candidates. These users can be represented in a
two-dimensional space, as shown in the bottom of Fig. 1.

For each set of user, UX, we calculate the probability distribution p(x), con-
sidering the probability of finding a user with a given sentiment z.

. #Xz =X
#X

From this distribution of sentiments we obtain the polarization indices
described in the Ref. [10].

p(z) (1)
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Fig. 1. Top: Construction scheme of user sentiment about C and T candidates. Bottom:
Mapping of user sentiment values about both candidates in the (C,T') space.

The proportion of users in each interval of sentiments, x < 0 and x > 0, is
given respectively by:

A" = /0 p(z) dx (2)

-1
1
A+:/ p(z) dx.
0

The difference between these indices
AA=AT — A~ (3)

gives information on which sentiment is predominant about candidate X.

The average value of the sentiments of love (gc™) or hate (gc™) gives infor-
mation on how extreme these sentiments are. These values can be obtained by
calculating the centers of gravity of the function p(z) in each interval:

0
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Fig. 2. Structure of a love-hate diagram for two candidates C and T. The axes that
represent the maximum love for each candidate, is represented by blue hearts (C =
+1) and by red hearts (T = +1).

A mean value close to £1 implies extreme positive/negative sentiments, while
if the mean value is close to 0, the sentiments are more neutral.
From these indices, we can define a global polarization index using the fol-
lowing expression:
5= (1 |AA]d, (5)

where gc* |
gct — gc
a=2 (6)
it is half the distance between the centers of gravity. In this way p is a magni-
tude between +1 and 0, where +1 implies extreme polarization and 0 minimum
polarization.

In the case of users who have sentiment towards the two candidates (u; €
UCT), we can also analyze the distribution of sentiments in two-dimensional
space (C,T'), obtaining what we have called the love-hate diagram, whose scheme
is shown in the Fig. 2. Each point in this diagram can be colored based on the
number of users with that pair of sentiments. The users located on the line
X = +1 are those who love candidate X, marked in blue in Fig. 2 for the case X
= C and in red for X = T.

In the quadrant C' > 0 and T > 0 users have feelings of love towards both
candidates, while in the quadrant with C' < 0 and T < 0 users have feelings of
hatred towards both of them. On the line with slope +1, there are users who love
or hate both candidates in the same way. In polarized situations it is expected
that these two quadrants are practically empty, since users do not usually have
the same type of feeling towards the two options.
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In the quadrant with C' > 0 and T' < 0 are the users who love C and hate
T. On the line with slope —1 are the users who love C the same as they hate
T. By below this line users hate T more than they love C and above are users
who love C more than they hate T. Analogously in the quadrant with C' < 0
and T > 0 there are users who love T and hate C. On the line with slope —1 are
those users who love T the same as they hate C. Below this line, users hate C
more than they love T and above, they love T more than they hate C.

3 A Case Study: The 2016 USA Elections

3.1 The Dataset

As usual in social network research, our study adopts an observational (also
known as correlational or non-experimental) rather than an experimental app-
roach point of view. That is, we just collect and analyse data that already exists.
We consider two criteria to characterize the subset of the data from the social
network that can be relevant for our experiment:

Temporal Criterion. The fact that these events usually have a deadline, estab-
lishes an upper temporal bound for the period of time we wish to consider. On the
contrary, there is no rule of thumb about the lower temporal bound, that must
be determined arbitrarily. In practice, filtering by this criterion is often allowed
by the social media application program interfaces. In our case we downloaded
tweets in starting at 0h (UTC) of 2016-11-02 and ending at 9 am (UTC) of
2016-11-13.

Topic Criterion. We aim at collection messages related to our event, but the
particular way of filtering the messages will depend on the particular network.
In our case we used as topic criterion the Twitter names of both contenders,
@HillaryClinton and @realDonaldTrump, represented by the letters C and T in
the rest of the paper.

The initial dataset consisted of 13,358,353 messages or tweets following the
argot in Twitter, corresponding to 2,967,701 users.

As usual in this kind or research, the raw data needs to be cleansed [11]. In our
case, an important phase in our cleaning process involved removing all the users
whose language was not English and their tweets, since we chose a training set of
English tweets for our polarity classifier. For the sake of brevity we do not discuss
here the details, but all the work ow scripts and a documents detailing each step,
together with the initial dataset, can be found at https://rafaelcaballero.github.
io/projects/electionsUSA16/. After this phase we obtained a working dataset of
10,638,997 tweets and 1,937,854 users.

Of these users, 906,422 posted messages including only @realDonald Trump,
491,402 only mentioned @HillaryClinton and 540,030 mentioned both. Figure 3
depicts this information graphically in the form of a Venn diagram.


https://rafaelcaballero.github.io/projects/electionsUSA16/
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Fig. 3. Venn diagram representing the users that posted messages about each candi-
date, with U” representing the set of users mentioning D. Trump, and U the set of
users that mention H. Clinton.

3.2 Sentiment Analysis of Tweets

Once we have collected the data, the next step is to classify the messages, accord-
ing to the opinion they contain toward each contender. Since the number of
total messages is expected to be high, we need the help of an automatic or semi-
automatic technique, such as sentiment analysis [12]. In our use case, we have
decided to use a naive Bayes classifier [13] implemented using the Spark ML
library [14].

Although we have tried other more complex classifiers, this simple approach
has provided the best results. The main reason is that the messages (tweets)
considered in our case are highly unstructured, with little inner grammar com-
plexity. Many messages were in fact lists of words (often campaign terms), used to
expressed their feelings about a contender, and naive Bayes classifiers work very
well in these contexts. Naive Bayes classifiers are supervised probabilistic classi-
fiers, that is, they provide a probability of belonging to each class. In our case, we
have used this feature to mark as neutral (label 0) those tweets with probability
under a certain threshold (calculated automatically using cross-validation during
the parameter tuning phase). Thus, the classifier distinguishes between negative
polarity (represented by label —1), neutral polarity (0), or positive polarity (41)
with respect to the contender. As explained above, we in fact need two models,
both based on the same classifier but with different training sets, one for each
contender.

The model was trained with 3000 tweets manually labeled for two people.
The Cohen’s kappa yielded a result of 0.91 agreement in the case of candidate
T and 0.88 in the case of candidate C. The trained model was tested on 200
additional tweets manually labeled, giving the following results on precision and
recall:
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Precision Recall

-1 0 1 -1 10 1
C|0.80|0.860.86|0.76 | 0.88 | 0.87
T/0.73/0.81]0.82/0.74|0.88|0.72

The overall F-Score for candidate C is 0.84 and for candidate T 0.78. The
results are acceptable, both in precision and recall for both candidates.

3.3 User Opinion About Each Candidate Separately

T C
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Fig. 4. Distribution of user’s opinion for candidate T (left) and C (right). In each case
the left-hand side bar represents the proportion of total users with and without opinion
about the candidate, while the right-hand side bar divides those with opinion according
to their particular sentiment: negative, neutral and positive

From the evaluation of the individual tweets we obtain the average opinion for
each user, as explained before. A first glimpse of the results can be observed in
Fig. 4. The left hand-side part of the figure shows the distribution of opinions
with respect candidate T, while the right-hand side to candidate C. The diagram
shows that a 25.4% of the users do not emit any opinion about candidate T, while
a 46.8% do not emit any opinion about candidate C.

Among those users with some opinion about C, a majority (42.2%) has a
positive opinion, while a 31.4% has a negative opinion and 26.3% are neutral. In
the case of candidate T, the proportion of positive opinions is smaller (34.8%),
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while the neutral and negative opinion about the candidate is bigger than in the
case of candidate C. Thus, we can summarize this information pointing out that:

1. More users emit some opinion about candidate T than about candidate C.
2. In the case of T the neutral and negative opinion represents a bigger propor-
tion than in the case of candidate C.

Thus, if we consider the opinions about each candidate separately we con-
clude that T obtains more attention than C, but with more negative opinions.
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Fig. 5. Distribution of opinions about both candidates, including the gravity centers,
the predominant sentiment AA, the global polarization index p and the semi-distance
between gravity centers d.

3.4 Polarization

Figure 5 shows the user distributions about each candidate. In the case of candi-
date T we confirm, as observed above, the negative opinion (AA < 0). Moreover,
the numer of users with strong negative opinion (T' = —1) is greater than the
number of users with extreme positive opinion (7" = +1). This is confirmed by
the gravity center of the negative part which more shifted to the extreme. The
overall polarization in the sentiment about candidate T is 0,56.

In the case of candidate C, the positive sentiments are predominant (AA =
+0.11), and there are more users with extreme positive (C' = +1) than with
extreme negative (C' = —1) sentiment. In this case we obtain a slightly less
polarized context.

However, this is only part of the picture. Indeed, one of the main points
of this paper is that this view that considers each candidate separately is not
enough, and relating the sentiments about both candidates provides a deeper
insight of the situation, as shown in the next sections.
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3.5 Relating Opinions About Both Candidates

The Fig. 6 and 7 have two parts:

— The bottom bars contain the same information as Fig. 4, with the difference
that in this case the figures represent the proportions of the four parts (neg-
ative, neutral, positive and no opinion), instead of separating the proportion
of the users with no opinion from the total as in Fig. 4.

— The upper part further shows the opinion about the other candidate assumed
that opinion about the first candidate is given in the lower part.

56 36 33 31 T

46.8% C

9

1511 42 32 |15 17H 53 24 11

16.7% 14.0% 22.5%

0 250000 500000 750000 1000000 1250000 1500000 1750000

Fig. 6. Distribution of user’s opinion for candidate C (below), and each group of opin-
ions in C further divided according to the opinion about T (above). The red color
means an overall negative opinion, the yellow color a neutral opinion, the green color
a positive opinion and the grey color no opinion about the candidate.

9 8| 21 62 8 IIH 70 27 8|8 57 21 29 50 C
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Fig. 7. Distribution of user’s opinion for candidate T (below), and each group of opin-
ions in T further divided according to the opinion about C (above). The red color
means an overall negative opinion, the yellow color a neutral opinion, the green color
a positive opinion and the grey color no opinion about the candidate.

That is, the figures try to show information about questions such as: if we
consider the set of supporters of candidate C (green part of the bottom bar in
Fig. 6), what opinion do they have about candidate T? Examining the figure we

find that:
— As expected, the supporters of each candidate mostly ignore or are against

the other candidate, as shown by the sections over the green section of the
bottom bars in Figs. 6, 7 and in similar proportion for both candidates.
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— In the case of the neutral opinion (yellow bottom bars) both figures show that
most of the users do not express a opinion about the other candidate, but
this is more accentuate in the case of T, where a 70% of those that present a
neutral opinion about T have no opinion about the other candidate.

— Considering the users that have a neutral opinion about one candidate and
some opinion about the other (that is, yellow below, not grey above) there are
no big differences in the opinion about the second candidate (14% negative,
16% neutral and 15% positive in the case of users with neutral opinion about
C, and 8% negative, 10% neutral and 10% positive in the case of those users
neutral with respect to T.

— Regarding the users with a negative opinion about one of the candidates,
we observe a noticeable difference: of those against T, 62% show no opinion
about C, and only a 20% supports the other candidate. However, of those
with a negative opinion about C, a 42% support T, the double proportion
that in the other case.

Observe that the last point qualifies and even changes the sign of the result
of the previous section: while more users express a negative opinion about T, not
a great proportion of them consider this disagreement a reason to show support
candidate C. On the contrary, those that are against C, show support in a greater
proportion to candidate T.

3.6 Love-Hate Diagram

If now we consider the sentiment about each candidate we can depict the love-
hate diagram described in Fig. 2, but applied to our particular case. The result
can be seen in Fig.8. Remember that in this diagram support or ‘love’ for T
increases to the upper part while support for candidate C increases to the right.

As expected, the quadrants representing users that support both candidates
(right upper) contains the smaller number of users, followed very closely by
the quadrant associated to those users disagreeing with both candidates (left
bottom). Thus, most of the users are in the left upper quadrant (users supporting
T and disagreeing with C) and in the right lower quadrant (positive for C,
negative for T).

Of these two quadrants clearly the most crowded is the left upper, associated
to ‘love’ for T and ‘hate’ for C. Observe how this results presents a new per-
spective to the result of Sects. 3.3 and 3.4 that examined the opinion about each
candidate separately and found that users have a more negative opinion about
T than about C. The reason for this difference is that the love-hate diagram
considers only users that have opinion about both candidates.

Moreover, we observe that the gravity center of the left upper quadrant is
below the diagonal, showing that in the case of users supporting T and dis-
agreeing with C, the ‘hate’ for the opponent is stronger than the ‘love’ for the
supported candidate, while in the case of the right lower quadrant the opposite
occurs. This confirms the results of Sect. 3.5 in the sense than candidate T seems
to obtain more support of those disagreeing with candidate C than the other way
round.
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Fig. 8. Love-hate diagram for candidates T and C. The gravity centers of each quadrant
are shown as green circles with diameters proportional to the number of users in the
quadrant

4 Conclusions

This paper has proposed tools to examine the relationship between the user
opinions about two contenders in a competitive context. We think that this is
important to get a deeper insight of the process, understanding not only the
characteristics of users that support each candidate, but also what is the opin-
ion about the other candidate of these supporters. This allows us to measure the
polarization of the event in the social networks, and determine if the disagree-
ment with one candidate implies support to the other candidate.

In particular, we have seen that in the case of the 2016 United States presiden-
tial elections, although in a first view users seem to be mostly against candidate
Trump, examining the opinions about the two candidates simultaneously we find
that this disagreement with Trump does not imply support for Clinton, while
this happens to a major extent the other way round. It is worth noticing that our
approach can be extended to the case of more than two contenders considering
an approach of ‘one against the others’ and comparing the results.

We also think that to have polarization indexes clearly defined can be very
valuable when comparing similar events. Thus, an interesting line of future work
could be to observe the evolution of the polarization indexes in different contexts:

— During one election, observing if the polarization increases when the election
is closer in time.

— Consider different elections and compare the evolution of the polarization
indexes.
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