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Abstract
In this paper is presented a proposed solution to predict the Mexican Epidemiological Semaphore (MES)
color from a set of online news. This problem was presented in Rest-Mex 2022: Recommendation System,
Sentiment Analysis and Covid Semaphore Prediction for Mexican Tourist Texts. This task consists
of determining the MES color through the COVID-19 news in Mexico until 8 weeks in advance. The
MES system is crucial because it indicates which kind of activities are allowed to the population, for
example, tourism activities. Thus, our approach is based on the Mutual Information (MI) measure. In the
training stage, by using the training data, our approach first clusters every word from every news by
the respective class. Then, for each word in each class, we compute its MI value. In this way, the set of
words (trained words) with their normalized MI value is used as class features. In the classification stage,
when a new instance is given, each word is intersected with the trained words for each class, and the
corresponding MI values of the intersected words are summed. The predicted class is assigned to the
class with the highest sum value. The final ranking value on the testing data was 0.175716016. We think
that the obtained results are because the data has many noise words (tokens), and our approach does not
deal with that issue.

Keywords
Mutual Information, Mexican Epidemiological Semaphore, COVID, Mexican tourist texts.

1. Introduction

In the Travel & Tourism Competitiveness Report (TTCR) 2019 edition [1], the World Economic
Forum published that growth in the Travel & Tourism (T&T) sector was achieving new records
[2]. According to the World Tourism Organization (UNWTO), international tourist arrivals
worldwide reached 1.4 billion in 2018, two years ahead of predictions. Though the TTCR findings
warned of a potential tipping point at which the endless pursuit of growth and competitiveness in
the sector might serve to undermine the very assets on which it is built and depends. Two years
later, the T&T sector looks very different. Demand in this sector was one of the hardest hit by the
COVID-19 pandemic, leaving not only companies but also tourism-driven national economies
severely affected by shutdowns, travel restrictions and the disappearance of international travel.
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Fortunately, there are positive signals, and analysis shows that recovery has started, albeit not at
the same pace across the globe or in the same market segments. New factors, such as the war in
Ukraine, are also adding to the complexity of this uneven recovery [3]. Thus, the sector and its
customers have probably changed permanently. Travellers have become more discerning, not
least about the health and hygiene conditions in potential destinations; they are also cautious
about the impact of future COVID variants or challenges in the form of government policies,
border closures and travel disruptions. Moreover, the halt in international travel gave some
travellers, both leisure and business, a pause to consider the impact of their choices on climate
and environment. Governments and T&T businesses have had to reassess where they invest,
how they mitigate risk and an increase in the volatility of demand, and how they respond to
the changing expectations of their customers [4].

Additional to the COVID-19 pandemic impacts, in the last decade tourism has also been
influenced by numerous technological advances and tools such as digitization, information and
communication technology, machine learning, robotics, and artificial intelligence (AI) [5, 6, 7, 8].
Thus, most of international travelers plan their trips by digital means, and a big part of their
decisions rely on the online information [9]. Currently, one source of online information are
the news.

One task of the Rest-Mex 2022: Recommendation System, Sentiment Analysis and Covid
Semaphore Prediction for Mexican Tourist Texts[10] is the prediction of the epidemiological
semaphore color (red, orange, yellow or green) from a set of online news. To be able to summa-
rize large amounts of online news (or any type of written information), it is essential to use
algorithms from the Artificial Intelligence field, specifically the area of the Natural Language
Processing (NLP) to achieve human-like processing capabilities of the language for diverse
scopes [11, 12]. NLP intersects artificial intelligence and linguistics [13] and covers a wide
range of methods to analyze and represent naturally occurring text at one or more linguistic
examination levels, for example see [14, 15, 16, 17]. Thus, in this work, we propose a method to
predict the epidemiological semaphore color based on the Mutual Information measure [18].

This work is organized as follows: Section 2 describes the task to solve; Section 3 shows in
details the proposal followed in this work; In section 4 the results are presented; and finally,
section 5 presents the conclusions and limitations of our proposal.

2. Task Description: Epidemiological semaphore prediction

This task consists of determining the Mexican Epidemiological Semaphore System through
the COVID-19 news in Mexico. The epidemiological semaphore system indicates which kind
activities are allowed to the population; for example tourism activities. It is a system of four
ordered colors:

• red: Only essential economic activities are allowed (tourism is not included), and people
are allowed to go for a walk around their homes during the day.

• orange: In addition to essential economic activities, companies in non-essential economic
activities are allowed to work with 30% of the staff for their operation, always taking
into account the forms of maximum care for people with the highest risk of presenting



a severe COVID-19 illness. Open public spaces (parks and green areas) with a reduced
capacity (number of people) are opened.

• yellow: All work activities are allowed, taking care of people with a higher risk of
presenting COVID-19. Open public spaces are open regularly, and closed public spaces
can be opened with reduced capacity. These activities must be carried out with basic
prevention measures and utmost care for people with a higher risk of presenting COVID-
19.

• green: All activities are allowed.

The color of the semaphore changes weekly and is independent in each state of the Mexican
Republic. This color is determined by the government taking into account various factors such
as the capacity of hospitals, the contagion and death curve, and available ventilators, among
others. Coincidentally, these factors are shared through the news of each state. If it is possible
to predict the color of the epidemiological semaphore in advance, this will allow sellers and
tourism service providers to take preventive measures. This task aims to generate classification
models that help determine the color of the epidemiological semaphore system and thus be
better prepared for the different changes in the evolution of the pandemic:

• "Given the news related to COVID of a Mexican region (state), the goal is to determine the
semaphore color of the weeks 0, 2, 4 and 8 in the future".

For example:

• News: “Coronavirus en México: ¿qué hay detrás del súbito aumento de muertes por la
pandemia de covid-19? Se registra la cifra más alta de muertes por covid-19. La noticia
alarmó a muchos en México: de un día a otro el registro de personas muertas en la
pandemia de coronavirus se duplicó."

• Region (State): Estado de México
• Labels:

– Week 0: Red
– Week 2: Red
– Week 4: Orange
– Week 8: Yellow

2.1. Data set

The corpus consists of 94,540 news related to COVID-19 collected from June 1, 2020, in the
32 regions of Mexico. The news were grouped into 1,912 instances. Each instance (around 50
news) represents a week. Also, each instance is labeled with the epidemiological semaphore
color (red, orange, yellow or green) to be predicted depending on the time in the future to be
evaluated (currently week (𝑤0); two weeks in the future (𝑤2); four weeks in the future (𝑤4);
and eight weeks in the future (𝑤8)). The distribution of the epidemiological semaphore colors
for each 𝑤𝑖’s is unequal: most of the instances are in orange color, the red color is not even half
of the instances of the orange color.
0https://coronavirus.gob.mx/semaforo/



The most collected information comes from 16 sites, where www.milenio.com, eluniversal.
com.mx; www.infobae.com; www.elfinanciero.com; www.elfinanciero.com.mx; www.jornada.
com.mx; www.eleconomisata.com.mx; mexico.as.com; www.liderempresarial.com; www.
animalpolitico.com; wwww.forber.com.mx. For more details see [19].

3. Proposed Approach

Our proposal consists in three main stages: prepossessing, training and classification. For the
prepossessing stage, we applied to the text next steps:

• Uppercase was converted to lowercase.
• Stop-words were removed.
• Punctuation marks were removed.
• The digits were replaced by the letter ‘d’.
• Stemming was applied to the tokens in the texts.
• Removed tokens that appear less than 50 times in the data set.

Training and classification stages are described below.

3.1. Training stage

In this stage, we use the using the training data to extract features of each class (epidemiological
semaphore color). Thus, to analyze the information from the dataset, similar to [20], we propose
to use the well-known Mutual Information (MI) measure.

The MI measure was applied to all training data to extract the features for each epidemiolog-
ical color (red, orange, yellow and green) [21]. This measure basically computes the mutual
dependence between two variables 𝑋 and 𝑌 (information that 𝑋 and 𝑌 share). MI is computed
by the following equation:

𝑀𝐼(𝑋,𝑌 ) = 𝑃 (𝑋,𝑌 )𝐿𝑜𝑔(𝑃 (𝑋,𝑌 )/𝑃 (𝑋)𝑃 (𝑌 )), (1)

where 𝑃 (𝑋,𝑌 ) is the joint probability between the variables 𝑋 and 𝑌 . For example, if 𝑋
and 𝑌 are independent, then 𝑋 is not important and does not exert any influence over 𝑌 and
vice versa; then MI would be close to zero. Conversely, if 𝑋 is describe in terms of 𝑌 (or 𝑌
is in terms of 𝑋), then all information conveyed by 𝑋 is shared with 𝑌 [22]. In our case, MI
measures the influence of a word 𝑋 = 𝑏 with 𝑏 ∈ 𝐵 = {all the words in the collections} in a
class 𝑌 = 𝑐 with 𝑐 ∈ 𝐶 ={red, orange, yellow, green}:

• If a word 𝑏 appears in all classes, then it is not relevant in any way, resulting in 𝑀𝐼(𝑏, 𝑐) ≈
0. The intuitive idea is that such word 𝑏 does not help to discriminate among different
classes (epidemiological colors).

• If the word 𝑏 is almost exclusive to a class 𝑐, then this word is considered valuable for 𝑐,
and the expected result would be 𝑀𝐼(𝑏, 𝑐) > 0. The intuition is that the higher the MI
score, the more representative the word is to the class (epidemiological colors)..

www.milenio.com
eluniversal.com.mx
eluniversal.com.mx
www.infobae.com
www.elfinanciero.com
www.elfinanciero.com.mx
www.jornada.com.mx
www.jornada.com.mx
www.eleconomisata.com.mx
mexico.as.com
www.liderempresarial.com
www.animalpolitico.com
www.animalpolitico.com
wwww.forber.com.mx


Table 1
Official results of the proposal for the different weeks in the future.

Accuracy Macro F-measure Macro Recall Macro Precision
Week 0 23.655914 0.18872675 0.18347572 0.2247901
Week 2 31.0483871 0.18157364 0.14633243 0.23969697
Week 4 29.7043011 0.18882698 0.16504652 0.23863053
Week 8 34.0053763 0.16606979 0.30045077 0.25441233

• If a word appears repeatedly in other classes but not in class 𝑐, the result would be
𝑀𝐼(𝑏, 𝑐) < 0. The idea is that the lower the MI score, the less useful is the word to
represent the class.

MI potentially reveals representative words for each class. Thus, it is possible to detect
exclusive words describing the news on each class [23]. Thus, we call to the result set of words
and and MI measures for class 𝑐, trained feature set Ω𝑐. The 𝑖-th element, 𝜔𝑖,𝑐 ∈ Ω𝑐 is a tuple of
values, (𝜔𝑤

𝑖,𝑐, 𝜔
𝑀𝐼
𝑖,𝑐 ), where 𝜔𝑤

𝑖,𝑐 represents the 𝑖-th word and 𝜔𝑀𝐼
𝑖,𝑐 represents the normalized MI

measure for 𝜔𝑤
𝑖,𝑐.

3.2. classification stage

In the classification stage, when a new instance is given, first the prepossessing steps are applied.
Then the resulting set of words for the instance is called Θ. After, Θ is intersected with the
words in set Ω𝑤

𝑐 (set of trained words, 𝜔𝑤
𝑖,𝑐, for class 𝑐). Then, we compute the sum of the values

𝜔𝑀𝐼
𝑘,𝑐 for 𝑘 ∈ Θ ∩ Ω𝑤

𝑐 . This can be represented by equation 2:

𝑆𝑐 =
∑︁

𝑘∈Ω𝑤
𝑐 ∩Θ

𝜔𝑀𝐼
𝑘,𝑐 (2)

Thus, the predicted class for a instance Θ, 𝐶(Θ), is assigned to the class with the most high
similarity value 𝑆𝑐:

𝐶(Θ) = argmax
𝑐

{𝑆𝑐} (3)

with 𝑐 ∈ 𝐶 ={red, orange, yellow, green}.

4. Results

Table 1 shows the official results for our proposal. In this sense our approach obtained the
last place in the task, with a final ranking value of 0.175716016. our proposal barely managed
to overcome the baseline (0.1290361261). Although, our proposal uses a simple idea, the best
accuracy was obtained for predicting 8 weeks in the feature.

5. Conclusions

In this work, we presented a simple solution based on the Mutual Information measure to
predict the Mexican Epidemiological Semaphore Color from a set of online news. This problem



was presented in Rest-Mex 2022: Recommendation System, Sentiment Analysis and Covid
Semaphore Prediction for Mexican Tourist Texts. Although, our proposal is based in a simple
idea it showed potential. The most significant disadvantage of our approach was the unbalance
training data set. Additionally, we note that many words without meaning (e.g. negativosqueretar,
metrocdmx, etc.) have a high MI value, but these words are noise coming from the data set.
Thus, our proposal could be improved by removing those words without meaning.
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