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1. Introduction
Social media emerged as a 

result of the rapid development 
of technology are virtual space 
resources for expressing people’s 
thoughts, opinions and attitudes 
about certain topics, products 
and services. The information 
collected in this environment 
becomes a valuable resource for 
decision-making in relevant 
fields, and intelligent technologies 
are the utmost required tool for 
achieving successful results in this 
field [1, 2]. In this regard, medical 
social media tools, which are one 
of the main indicators of the for-
mation of e-medicine, have led to 
the transformation of doctor-pa-
tient-medical institution relations, 
to the change of treatment-diag-
nosis and prevention methods, to 
the improvement of health moni-
toring processes. These tools have 
become an important resource 
for decision-making by consid-
ering public opinion in medical 
decisions. Today, physicians and 
patients turn to online platforms 
such as blogs, social media, and 
websites to share their thoughts on 
health issues. The large amount of 
medical information collected on 
social media sites, online forums, 
and personal blogs is becoming 
a source of better outcomes for 
physicians, patients, and medical 
institutions.

In [2, 3], the authors propose a 
conceptual approach for solving a 
number of medical decision-mak-
ing issues based on the statistical 
analysis of information collected 
in medical social media, and in [4] 
they presented a methodology for evaluating the media activity of 
users. One of the important points here is the content analysis of 
the information related to the physicians-patient-medical institu-
tion, which are media subjects, and determining the opinion about 
media subjects in applications. Determining such an opinion may 
provide decisions support related to the evaluation of the activities 
of media subjects, better organization of work, improvement of the 
quality of health care provided to patients, etc. 

In this study, let’s show the possibilities and methods of ap-
plying sentiment analysis for determining mass opinion about 
medical media subjects in the data collected on medical social 
media resources. Let’s also review the issue of sentiment analysis 
of patient opinions collected about the medical institution and 
interpret the results.

2. Methods
Currently, a large number of professional medical social 

communities have emerged in the Internet environment. Sermo, 
Doximity, QuantiaMD, Among Doctors, Figure1, DoctorsHang-
out, MomMD, DailyRounds are medical social networks where 

only doctors can register [5, 6]. 
DailyRounds.org reports about 
1.3 million doctors being regis-
tered in more than 16 countries. 
Medical social networks Ozmo-
sis, Doc2Doc, Healtheva are the 
best developed platforms that en-
able communication between pa-
tients and doctors. Medihost.ru,  
adam.com, DoctorSpring, li- 
kar.info, health.mail.ru are med-
ical social networks designed for 
patient-patient communication.

In Azerbaijan, social societ-
ies such as “Həkim.tap”, “həkim-
sənaz.az”, “sağlamolun.az”, “doc- 
tormap.az”, “Tibb.az” bring to-
gether the doctors specializing in 
various fields of medicine on one 
portal [3, 4, 7]. Patients may get 
detailed information about doc-
tors by using the “doctor-search” 
section in these networks, they 
can contact those doctors and ask 
them questions.

The expansion of medical so-
cial media, the activity of medical 
specialists, doctors, patients, and 
medical clinics on social media 
has led to the formation of various 
stakeholders and the emergence of 
virtual medical relations between 
them. In [3, 4], user relationships 
shaped in the medical social me-
dia environment are divided into 
the following segments:

− physician – physician. 
Through social media, physi-
cians discuss effective treatment 
methods for various diseases 
with their colleagues;

− physician – patient. Physi-
cians interact with patients and 
monitor the health of their pa-

tients, give advice, and at the same time, patients ask doctors 
about various problems;

− patient – patient. Patients share their thoughts and opin-
ions about disease diagnosis, symptoms, treatment methods, 
medications, treatment methods prescribed by doctors for the 
same disease, treatment results, etc.;

− physician – patient – nurse. Physician and nurse are in 
contact with the patient. The nurse performs the tasks of the 
physician regarding the patient, conveys the information re-
ceived about the patient’s health condition to the physician;

− physician – clinic. Medical institutions access the person-
al social media resources of doctors and collects information 
about their treatment methods, treatment results, activity, ex-
perience, etc.;

− patient – medical institution (clinic). Patients can use the 
social media site to get information about the clinic’s work, medi-
cal staff, contacts, address and working hours, appointment rules, 
prices, etc. 

Depending on the nature of the information collected in these 
relationship segments, scenarios are formed for making different 
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types of decisions related to improving the quality of medical 
care. For example, based on the patient surveys collected in the 
segment of doctor-patient relations it can be defined which doctor 
is the most consulted and in which field of medicine, the activity 
of women and men among e-patients, social media activity of 
e-patients by different age groups, regions, etc. However, based 
on these applications, determining “patient satisfaction” and “a 
doctor who has won mass sympathy” for various diseases requires 
the analysis of the content of the requests, and therefore, the use 
of sentiment analysis methods become essential.

3. Results
Sentiment analysis (SA), also known as opinion extraction, 

is a natural language processing that enables automatic clas-
sification of the content (opinion) expressed in a text [8, 9]. 
Although the history of SA goes back to the 1990s, the studies 
on its application has expanded since the emergence of Web 2.0, 
increased access to information generated by network users, 
and the proliferation of social media platforms. SA is currently 
involved in industry, economy, healthcare, etc. and used as a 
valuable tool in various fields.

Machine learning-based, lexicon-based and hybrid methods 
of SA are also available (Fig. 1) [10].

Lexicon-based SA approach is considered to be a simple 
approach. This approach refers to the sentiment lexicon, which 
consists of words and phrases commonly used to express positive 
and negative attitudes. Unlike machine learning-based and hy-
brid methods, this method does not require any training data [11].

The Valence Aware Dictionary and Sentiment Reasoner 
(VADER) approach is a lexicon and rule-based system. The 
VADER approach classifies the text by giving scores such as 
negative, positive, neutral and compound.

Manually developed sentiment lexicons are as follows [11]:
1. Multi-Perspective Question Answering (MPQA) Subjec-

tivity Lexicon is a subjective key-referencing lexicon of over 
8,000 words, each classified as positive or negative. This lexicon 
includes 2718 positive and 4909 negative words, as well as a num-
ber of personal adjectives, adverbs, any POS (part of speech).

2. Bing Liu Lexicon is based on a list of English words (about 
6800 words) expressing positive and negative opinions (feelings).

Auto-generated sentiment lexicons include:
1. NRC Hashtag Sentiment Lexicon classifies tweets by 

indicating the association with a positive emotion with a pos-
itive score, and the association with a negative emotion with a 
negative score.

2. Sentiment140 Lexicon.
3. SentiWordNet automatically classifies all WORDNET 

synsets according to their positive, negative and neutral degrees.

4. Discussion
Lexicon-based SA of medical data uses Pandas, NumPy, 

Matplotlib, Seaborn, NLTK libraries. SA with the VADER lexi-
con is performed in the Python programming environment [12] 
in the following stages [13, 14]:

1. Data Collection. An open database cms_hospital_sat-
isfaction_2019 by Kaggle company, which expresses the atti-
tudes (opinions) of patients about a certain medical center, is 
used [15], and a sentiment analysis of 442,401 patient opinions 
about the level of services provided by the medical staff and the 
center is performed using a lexicon-based approach.

2. Data Pre-Processing. This stage performs the process 
of data cleaning (tokenization), i.e., spaces, special characters, 
symbols are deleted and the remaining ones are called tokens.

3. The stage of Extraction Opinions prepares processed 
opinions for analysis.

4. Application of Lexicon Based Sentiment Analysis algo-
rithm.

5. The stage of Classification of Opinions applies the VAD-
ER approach for sentiment analysis of opinions and classifies 
opinions.

6. Result stage interprets the classification results.
Fig. 2 shows a fragment from the Kaggle cms_hospital_sat-

isfaction_2019 database following the classification based on 
sentiment analysis. For database classification with VADER 
approach, columns “neg”, “neu”, “pos”, “compound” are added 
to the dataset, the final result of these columns is represented in 
the column “comp_score”.

The next step is the process of visualization of the obtained 
results using the Bar plot, a visualization tool of the Python pro-
gramming environment (Fig. 3).

Fig. 1. Sentiment analysis methods [10]



9

COMPUTER SCIENCE

As a result of the conducted research, it was determined 
that 218822 positive, 190280 neutral, and 33299 negative scores 
were received from 442401 pieces of information expressing the 
patient’s opinion and included in the column “HCAHP Answer 
Description” in the database. Fig. 4 shows a visual image of 
opinions classified by positive, neutral, negative scores.

It turns out that although the vast majority of the opinions 
expressed by patients about the medical institution in the da-
tabase used in the study are neutral, the positive opinions are 
much more than the negative ones.

5. Conclusions
Based on the data collected in medical social 

media resources, the necessity of studying public 
opinion for solving issues related to the quality 
of medical services was substantiated, and the 
possibilities of applying SA methods to solve this 
problem were explored. In order to represent the 
application possibilities of lexicon-based SA meth-
ods in the patient-medical institution segment of 
medical social media, the open database cms_hos-
pital_satisfaction_2019 by the Kaggle company 
and Pandas, NumPy, Matplotlib, Seaborn, NLTK 
libraries were used, and the collected data were 
analyzed in the Python environment with the 
VADER lexicon. The procedures for achieving the 
final opinion by classifying the patient opinions 
collected in the database as “neg”, “neu”, “pos” are 
described, and the ranking of the patient opinions 
about the medical institution by the specified 
classes was visually presented. The results of the 
conducted research can be used in solving some 
issues such as evaluating and improving the ac-
tivity of medical institutions, determining patient 
satisfaction related to its activity, and in making 
relevant decisions.

Let’s note that it is planned to conduct a similar 
study on other relational segments of medical social 
media resources, to examine the possibilities of 
applying other SA methods to solve the considered 
issues, and these are among the further research 
areas of the authors.
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Fig. 3. Visual image of the Compound column

Fig. 4. Visualization of opinions classified by positive, neutral and negative scores
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