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Abstract. On the Internet, you can find millions of service reviews. This information can be
useful to support decision-making for both potential customers and for managing a service
business It is especially important to consider the emotional tone of such reviews, because
emotions can attract or repel potential customers. The article discusses the actual task of the
automatic processing of customer reviews and identifying emotionally colored information in it.
In this paper we provide the definition of emotions and describe the results of the analysis of
their classification. Further on, we identify six main emotions from the customer reviews.
As our methodological basis we use a well-known approach for accounting emotionally colored
information in customer reviews. This approach made it possible to set the task of automatic
analysis of customer reviews, which we applied in this paper.
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1. Introduction
Nowadays several specialized platforms and websites exist that contain reviews on a variety of products
and services. This information contains the feelings and emotions that a person has experienced as a
result of using these products or services. Modern artificial intelligence and affective computing tools
make it possible to extract useful data from this emotionally colored information that decision makers
can use when promoting these products and services.
Emotions – is an integral part of human thinking. They accompany any thought, any activity, any
action. Emotions are a key element for human intelligence emulating. Humanity is on the verge of
merging the real and virtual worlds. We can tell this by observing the fact that people spend more and
more of their time in virtual reality such as social media, professional communities, where they exchange
opinions about certain events, goods, services, etc.
Intelligence is a multifaceted concept, and emotional intelligence is its important component. Today,
the development of information technology makes it possible to develop systems that account the user's
emotions and are able to emulate them. And automatic analysis of emotionally colored information from
user reviews is its important aspect. The solution of this problem is impossible without the use of the
artificial intelligence tools.
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
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The modern scientific community is faced with the task of developing models and methods for
recognizing and accounting emotionally colored information in intelligent decision support systems.
The first part of this article discusses the definition of emotions and approaches to their classification.
The second part contains the formulation of the problem of recognizing and accounting emotions and
opinions from customer reviews on the Internet in natural language. The third part analyzes the existing
approaches to emotionally colored information accounting on the Internet. And the last part offers
solutions and tools for analyzing emotionally colored information in the decision-making process.
2. Emotion classification in service sector customer reviews
According to Wikipedia, emotion is a medium-term mental process that reflects a subjective evaluative
attitude towards existing or possible situations and the objective world. Emotions are studied and
classified by many scientists in psychology and affective computing fields. There are several approaches
to their classification, and we describe some of them below.
One of these approaches is based on the idea of a discreteness of emotions. In Tomkins' theory of
discrete emotions [1], eight emotions are considered, such as: surprise, interest, joy, anger, fear, disgust,
shame and suffering. These emotions are considered - culturally recognizable, basic, illogically
determined emotional responses, in which both expression and recognition are the same for all people,
regardless of their ethnic and cultural backgrounds [2].
In his cross-cultural study Paul Ekman identified six main emotions (anger, disgust, fear, happiness,
sadness, and surprise), which are expressed to varying degrees through certain characteristics [3].
Another approach to the emotion classification is based on the assumption of the existence of a
multidimensional space of emotions. Usually, there are one or more parameters, such as arousal,
valence, and intensity, that are usually considered as measurements of emotional space. Within this
approach, there is the Watson and Tellegen PANA model [4]. Russell's Circumplex model can also be
attributed here [5]. The Pleasure-Arousal-Dominance (PAD) emotional state model also uses a threedimensional approach to measure emotions [6]. Plutchik's model is the most famous three-dimensional
hybrid of both basic and complex categories, in which emotions of different intensities can be combined
into emotional dyadic. He presented a wheel of eight emotions: joy, trust, fear, surprise, sadness, disgust,
anger, and anticipation in twenty-four primary, secondary and tertiary dyadic [7].
In the service sector, the role of emotions is increasing. The fact that emotion is a mental process of
medium duration becomes important here. It means that we experience emotion exactly at the moment
of service consumption. That is why it is important to be able to correctly assess emotions and take them
into account in the process of providing services.
The brighter emotions are experienced by person, the more this person is motivated to share
emotionally colored information about a particular service provided to him. This information can now
be found in customer reviews on social media and specialized platforms. This information is extremely
important and useful for decision makers in the management and promotion of certain goods and
services.
3. Statement of the task
To improve the effectiveness of decision making in complex systems, it is necessary to take into account
emotionally colored information from customer reviews. The task is to extract and account the emotions
of the authors from the reviews of the services rendered using the example of a tourist complex.
To solve this problem, this study will consider six basic emotions - joy, surprise, sadness, fear, anger
and disgust, as shown in Figure 1.
As a source of emotionally colored information processed, we will consider the texts of reviews
about services from specialized Internet portals. The analysis uses text mining techniques and the
benefits of natural language processing (NLP).
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Figure 1. Considered emotions
4. Existing approaches
Many scientists are engaged in the recognition of emotionally colored information from user activities.
The existing approaches can be roughly divided into several groups. We can select reviews analysis of
sentiment, analysis of the sentiment polarity, analysis of the context. The approaches also can be grouped
according to the type of source of information being processed - unimodal and multimodal.
The automatic fixation of public sentiments on social issues, political movements, marketing
campaigns and preferences for goods and services has generated growing interest in the scientific and
business communities. This led to the emergence of new areas of affective computing and text mining.
And it led to the development of methods of information searching, multimodal signal processing,
extraction of people's sentiment from the ever-growing volume of social data on the Internet [8].
Text sentiment analysis consists of extracting information about opinions, feelings and emotions
transmitted by authors in relation to topics they interested in. It is often applied to opinion mining and
emotion mining. Natural language processing and machine learning are used to determine the author's
attitude to the subject described in the text, followed by opinion mining. Similar technologies are used
to make an intelligence analysis authors’ emotion and classify them in relation to events or topics.
Methods of the text analysis of emotions are used in a variety of tasks, such as obtaining information
about customer satisfaction, helping to select educational materials in online education, recommending
products and services based on customer emotions, and even predicting mental disorders. In earlier
works of mood analysis, emotions were not given enough attention [9].
Modern information technologies allow everyone to create and share their opinions and ideas in the
generated Internet content with millions of people around the world. Most of the content posted and
consumed on the Internet is multimodal. Today there are many devices that allow to create such content,
and the amount of generated information is growing very fast. It is becoming increasingly difficult for
researchers to evaluate and process this multimodal content stream, and even harder to organize or
comprehend it. Receiving information from photos and videos is a critical need for mood analysis
because product and service reviews are gradually shifting from unimodal too multimodal. Some
researchers have proposed the usage of deep convolutional neural networks to extract features from
visual and textual modalities. This provides a significant improvement in multimodal emotion
recognition and mood analysis on various data sets [10].
Social media today are platforms that give people a possibility to share their opinions on various
issues and topics with their friends, family, relatives and other members of the community. To do this,
people use texts, images, audio and video messages and posts. But despite the presence of other forms
of communication, text is still one of the most common methods of communication on social networks.
The use of sentiment analysis methods for analyzing messages on the Internet allows to determine
moods and emotions by posts and their comments and give user impact assessments based on various
user parameters. It is also possible to create generalized and personalized recommendations for users,
based on their activity in the posts of social networks [11].
The analysis of feelings and emotions are related tasks, and, therefore, are more effectively solved
together. Multimodal input signals convey diverse and differing information and usually have different
contributions to decision making. There is an intermodal method that works at the context level for
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simultaneously predicting moods and expressed emotions in statements. This approach works well on
the CMU-MOSEI dataset for multimodal analysis of moods and emotions and shows a better result in
comparison with the solution of only one of the considering problems [12].
The task of determining how different cultures respond to a crisis is another interesting challenge
that uses the analysis of opinions and emotions. What feelings prevail in societies and political agenda
in dealing with the crisis situation. The decisions made in this case are conditioned by events, social
pressure and may not reflect the wishes of the population of a particular country. And while some are
happy with this, others may show resentment. Social media is a mirror for public sentiment. Despite
geographic proximity, many neighboring countries respond differently to the same threat. For example,
in 2020, the leaderships of Denmark and Sweden made different decisions regarding the new threat. In
2020, the actions of the leadership of Denmark and Sweden to counter the danger did not coincide, and
both countries populations supported these decisions mostly unanimously. The purpose of the research
is to analyze the reaction of people of different cultures to the crisis, as well as the attitude of people to
subsequent actions taken in different countries. To solve this problem, deep long-term short-term
memory (LSTM) models are used on data extracted from social media posts and trained on the
sentiment140 dataset. A distinctive feature of this study was the inclusion of smileys when analyzing
the tone and emotion of messages. [13].
The application of sentiment analysis and emotionally colored information has a variety of
applications, also including in the financial services sector. Online peer-to-peer (P2P) lending platforms
are gaining popularity for providing finance and loans to small and micro-entrepreneurs. By applying
an assessment of emotionally charged information, borrowers in a P2P financial platform can increase
the probability that their microloan applications will be funded. The text of the application is analyzed,
and the set of characteristics of the description of the microcredit is assessed. The influence of this
description on the success of financing is also revealed. Sentiment mining methods are used to analyze
and extract emotion from an unstructured P2P credit dataset. Borrowers can increase the chances of
financing success by improving the quality of credit descriptions. They can make them more attractive
to potential lenders by investing in them certain emotions [14].
5. Proposed solutions and tools for analyzing emotionally colored information in the decisionmaking process
To solve the problem of the emotionally colored information accounting in decision-making in the
service sector, it must be understood that different customer emotions have different importance for a
decision-maker. Negative customer emotions are critical for the stable operation of the enterprise. This
can cause the rejection of the service by current customers and reduce the number of customers in the
future.
In this paper we propose to analyze customer reviews in several stages. The stages of customer
reviews analysis is presented in more detail in the Figure 2. A functional model for solving the problem
of analyzing emotionally colored information from customer reviews in the decision-making process
was developed in the SADT methodology.
At the first stage - collecting reviews from Internet resources. At the second stage - cleaning,
preprocessing, and analyzing the collected reviews. It includes reviews markup, lemmatization and
coding the reviews in vector form. At the third stage, the sentiment analysis is carried out using with
machine learning tools and data from open-source corpus from sentiment-marked words. At the fourth
stage, the analysis of emotions shown by customers is carried out in the allocated classes of positive,
negative, and neutral reviews by using pattern recognition methods and a fuzzy search tool. It is
important for the decision maker to know which aspect of the service provided is caused by the emotions
that the customer have experienced. Therefore, at the fifth stage, an aspect analysis of classified reviews
is carried out, and the emotional sentiments of individual statements about aspects are determined using
the formation of dictionaries of provided services aspects. Qualitative research of customer reviews is
carried out using the construction of models based on decision trees, where the emotional tone of the
response is a variable dependent on the presence or absence of emotionally colored information on
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certain aspects of services. It allows you to identify patterns that affect customer satisfaction and form
the rules for decision-making.

Figure 2. Functional model for analyzing emotionally colored information from customer reviews
in the decision-making process
Today, one cannot do analysis without artificial intelligence tools at different stages of solving the
problem of analyzing emotionally colored information from customer reviews in the decision-making
process. The applied methods are shown in Figure 3.

Figure 3. Artificial intelligence tools used to analyze emotionally colored information from
customer reviews in the decision-making process
The developed model for analyzing emotionally colored information from customer reviews of the
service sector allows us to define requirements for the applied methods of customer reviews analysis.
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To date, the stage of determining the sentiment of customer reviews based on the machine learning tools
and the Naive Bayesian classifier has been implemented. This stage is presented in more detail in this
article [15].
6. Conclusion
On the Internet, you can find millions of service reviews. This information can be useful to support
decision-making for both potential customers and for managing a service business. It is especially
important to consider the emotional tone of such reviews because emotions can attract or repel potential
customers. In this article the actual task of the automatic processing of customer reviews and identifying
emotionally colored information in it was discussed.
Reviews on the Internet contain a lot of information, which makes it impossible to process them
without use of the artificial intelligence tools. Current studies should show which of these tools are
effective for processing customer reviews in natural language texts.
The article considers the actual problem of automatic customer reviews processing and the
identification of emotionally colored information in them using artificial intelligence tools.
The definition of emotions was given, and an analysis of their classification is carried out, six main
emotions are selected in customer reviews. The well-known approaches to accounting emotionally
colored information in customer reviews, which made it possible to set the task of automatic analysis of
customer reviews, had been analyzed.
A model analyzing emotionally colored information from customer reviews of the service sector was
developed. This made it possible to define requirements for the methods used to analyze customer
reviews. The application of artificial intelligence tools at different stages of the proposed approach to
the analysis of customer reviews was considered. Further research will focus on the implementation of
the presented stages of customer review analysis. To date, the stage of determining the sentiment of
customer reviews based on the machine learning tools and the Naive Bayesian classifier has been
implemented. In the future, it is planned to implement the stage of analyzing emotionally colored
information using the theory of pattern recognition and methods of fuzzy search in dictionaries.
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