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  ABSTRACT 

  Data Science is one of the dominating fields in the today’s world. It plays its role in all the 
fields such as Agriculture, Healthcare, Education, Banking, and Entertainment. Data becomes 
the fuel of the Industry in 21st Century. This data is growing exponentially as the new data is 
getting generated from various sources such as YouTube, Face book, Mobile devices and 
Twitter in each and every millisecond of time. This data needs to be handled effectively 
which could not be done by the traditional data handling techniques/methods/tools. This 
invites many researchers to apply various data handling techniques using data science. E-
healthcare system is considered as a digital healthcare system to perform disease prediction 
and analysis. Data Science techniques are predominantly adapted in E-healthcare system for 
the prediction of plenty of diseases such as various cancer prediction, heart diseases, 
autoimmune diseases, allergy and respiratory system diseases and so on. In addition to these 
disease prediction techniques, COVID’19 pandemic situation has made the researchers to 
make use of data science methods in E-healthcare systems. Hence, certain methods such as 
disease prevention and predictive medicine is useful in COVID-19 pandemic after 
performing pre-processing which involves huge volume of structured, unstructured and semi-
structured data. Also, visual exploratory analysis technique using data science helps even the 
rural people to get the insight of understanding the COVID with respect to various symptoms, 
no. of COVID cases in each day, recovery rate & death rate and all the other details. This 
chapter discusses the impact of COVID-19 and its analysis using data science in E-healthcare 
system. Framework used for analysing the COVID-19 dataset using Software Engineering in 
connection with data science technique is also discussed. It provides a clear understanding of 
performing the disease prediction in a step-by-step manner. Results are shown using visual 
exploratory techniques. 

  Index Terms: COVID-19, Data Science, E-Healthcare, Statistical Analysis, Visual 
Exploratory Technique 
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I. INTRODUCTION 

Even though we are in the middle of 2021, we are still plagued by the deadly infectious 
disease known as Novel Coronavirus Disease 2019 (nCoV2019) that has played in millions of 
people’s life since December 2019. Global researchers in the field of medical science have 
started working very hardly to eradicate this deadly disease from the face of the earth. The 
spread of this deadly disease is so rapid that it is necessary to investigate this epidemiological 
outbreak and follow-up actions against this disease around the world. Given the rapid 
worldwide spread of the disease, the World Health Organization (WHO) announced this as the 
sixth Public Health Emergency of International Concern (PHEIC) on January 30, 2020 [1]. 
COVID affected patients realizes various symptoms such as fever, Cough, headache, shortness 
of breath, diarrhea that can ultimately make some of the patients who were severely affected to 
death. Although, some patients are asymptomatic and having no symptoms at all infected with 
this virus. COVID19 has received great attention from medical health scientists around the 
world which invites them to contribute in the field of e-healthcare. Scientists/medical 
practitioners /radiologists /virologist in the entire world are working together as quickly as 
possible to develop the suitable methodologies/techniques/tests, effective treatments, and safe 
vaccines that will therefore save lives and end this pandemic. The safe and effective vaccines 
must be a breakthrough; but for the foreseeable future we must continue to wear masks, 
maintain social distancing and avoiding visiting crowded places would be considered very 
essential to fight against this disease.  

The 'Data Science' field has grown tremendously over the past few years. The amount 
of information available for exploratory analysis has increased dramatically in the past decade 
or so. Using data Science, one can generate insights and understand data by combining 
programming, mathematics, and statistics expertise. Data science is becoming increasingly 
predominant due to the reality that the value of data is soaring. A major component of the next 
generation of technological developments will be Data Science, which will allow us to gain 
new insights from the massive amounts of data produced by modern life. In the healthcare 
field, Data Science can offer significant potential. In every country, the healthcare industry 
plays a crucial role in its economy. Gross domestic product is determined by the health care 
sector. Additionally, employment, capital investments, and exports are all affected. However, 
there are still obstacles to overcome, such as fragmentation, high costs, and the ownership of 
the data. As Data Science plays a future role in the healthcare sector, we should balance the 
beneficial effects of improving patient outcomes with the potential pitfalls of increased 
physician burnout through poor implementation leading to increased complexity. 

Health is said to be the key to wealth. Hospitals are critical for diagnosing, treating, and 
managing different types of illnesses and diseases that happen to individuals, accidents, and 
emergencies in society. Longer, healthier, happier lives are necessary for people to achieve 
their aspirations and desires. Several medical fields are employed by health care providers to 
meet the needs of individual patients and the broader population. It is estimated that the 
healthcare industry would continue to grow and flourish as long as humans exist, and thus 
contribute enormously to all countries' economies. In humans, healthcare involves diagnosing, 
treating, preventing, and managing disease, illness, injuries, and maintaining physical and 
mental well-being. Medical practitioners and allied health professionals delivered Healthcare 
services. Healthcare can be improved by identifying risks and recommending prevention 
programs before they become major problems. It may be possible to identify a problem before 
it gets out of hand by wearing it with other tracking devices that keep an eye on historical 
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patterns and genetic information. Statistical methods used by data science make accurate 
predictions of future results through the use of historical data. Analysing patient data, 
analysing clinical notes, identifying interactions, patterns of symptomatology, general 
adjectives, habits, and diseases, as well as predicting outcomes are among their 
responsibilities. When predicting the occurrence of specific diseases, certain biological factors 
are taken into consideration, such as genome structure and clinical variability. The main causes 
include predicting disease progression or reducing side effects and risks by preventing them. In 
addition to improving medical conditions, patients' quality of lives is improved as well. 

[1]An automated healthcare-data-mining system is reported here. It extracts data from a 
personal dynamic healthcare system, such as health and lifestyle data, and can then do self-
analysis by using mobile phone and web technologies to obtain personally useful information, 
such as lifestyle patterns and health conditions. Through this system, users are able to input 
their daily data through a mobile phone and then transfer that data via the Internet to a web-
application server. An application server gives users information about their health and 
lifestyle that is derived from data mining and transmitted to their mobile devices. The analyzed 
healthcare-data provided some useful rules correlating their lifestyles and body-fat index by 
automated mining. 

In our human lives medicine and healthcare are two of the most prominent things. 
Conventionally, based on the preference advised by the doctors, people relied on the medicine. 
For instance, a physician would have to suggest suitable treatments based on a patient’s 
symptoms. Though, this wasn’t constantly accurate and was susceptible to human slips. 
However, with the advancements in computers and in particular, Data Science, it is now 
possible to obtain accurate diagnostic measures. 

Section II comprehends the related work; Section III describes the data science 
techniques in E-healthcare system followed by Section IV deals with the results and 
discussion. Last section briefs the conclusion with respect to data science in E-healthcare 
system. 

II. Related Work 

Exploring the application of Big Data Analysis in healthcare sector 

Katarya & Jain [2] suggested that we have to maintain health sector data in a 
consistent format. There are so many challenges associated the inconsistent data format. 
These all challenges are tackled with big data and information technology. They suggested a 
model to maintain health sector data in a consistent format, in which data is collected from 
various sources in different formats. This row data has to be stored in the central database. In 
the subsequent step, this raw data is needed to be transformed by applying the steps to 
extract, transform and load. Nonetheless, this information isn't accessible progressively, but it 
is cleaned and ready for storage in the form of transformed data. After that, the data is 
available in the form to take various decisions on it by applying different tools of big data. 
Finally, four main applications of big data analytics in healthcare like OLAP, quires, reports, 
and data mining are utilized for perception. This method is easier to store and process this 
huge amount of data and extract patterns and useful information. This may be used by the 
policymakers to build an environment where the results of this study are being exploited to 
maintain the chain of dependency. Every individual entity in the dependency chain such as 
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Policymakers  hospitals   Pharmaceutical companies  doctors    patients are 
associated with each other. 

Hua et al., [3], through the experiments generated graphs for visual analysis of the 
COVID-19 outbreak from five features. Five features are infected case number, four 
ethnicities rate, household income, population density and infection source. In this work, 
generating graphs from five features. They show that household income, population density 
and ethnicity affect the infection in different areas. Their results show that more overseas 
infected cases in Local Government Area(LGA), more overseas infected cases, LGAs with 
median household income are likely to have more infection cases, and most cases from 
overseas were transpired in LGAs with middle and low household incomes and the 
distribution of infection case in each LGA shows a potential connection to ethnicities. It 
might be caused by the difference of following the prevention measures such as less travel, 
avoiding crowded places, sanitizing, and wearing a mask, etc. They have not done any 
research in those yet.  So they cannot prove those possible reasons. They did not include 
features such as human behaviours, event timeline etc. to COVID-19 data analysis, discover 
unknown patterns in the COVID-19 outbreak from a visual analysis perspective. 

Visual Exploratory Data Analysis of COVID-19 Pandemic 

The pandemic caused by COVID-19 is responsible for the higher mortality rate and lower 
recovery rate. Sumindar Kaur Saini et al.[4], analyze the timely patterns of the rise and fall of 
confirmed, deaths and recovery cases have been represented visually. The countries were 
clustered according to the number of their confirmed cases and number of deaths using K-
means Clustering with cluster initialization based on the similarity in the different types of 
cases. In order to find the appropriate number of clusters by grouping the countries with 
similar conditions, two methods namely, Elbow and Silhouette scores have been used. The 
results have been evaluated using the Elbow and Silhouette Score. This evaluation of the 
patterns of COVID-19 is necessary to calculate the risk factor and optimize the strategies for 
the effective treatment of the patients. This analysis is to be fed into machine learning models 
for forecasting the number of confirmed cases, recovery cases and deaths across the globe by 
analyzing this COVID-19 dataset using time series methods. 

Research into Making Healthcare Green with Cloud, Green IT, and Data Science to 

Reduce Healthcare Costs and Combat Climate Change 

A big challenge facing the healthcare sector is how to improve the energy efficiency and 
sustainability in the healthcare system. In this paper Nina S. Godbole & John Lamb [5] , 
explained about how to make healthcare energy efficient and green in an excellent way to 
help solve the Climate Crisis. This paper explains some examples of how Data Science, Big 
Data, Analytics, and Cloud Technology can be used in healthcare to improve a hospital’s IT 
Energy Efficiency. They also give some information about the best ways to improve energy 
efficiency for healthcare in a cost-effective manner. In this paper, they discussed that the 
emerging technologies such as mobile computing and cloud computing hold great promise to 
reduce costs and significantly improve services in the healthcare industry. The continued use 
of electric energy for the IT infrastructure used to support the healthcare industry has 
increased pressure on the industry to support green IT initiatives and overall sustainability. 
Healthcare Green IT efficiency improvements must be made in compliance with the 
expanding regulations to protect the privacy of patients. 
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Analysis of Research in Healthcare Data Analytics 

Mohammad Ahmad Alkhatib et al[6], provide an analysis on the research field of healthcare 
data analytics. This paper conducted literature review in order to understand the healthcare 
topic by searching relevant papers about healthcare analytics by searching in databases. That 
literature review encourages professionals, doctors, medical staff and patients to adopt and 
utilize technologies in order to assist healthcare analytics and improve decision making 
process in our everyday life. They explained the method which has followed three steps: 
searching for initial and related studies, Relevance appraisal and evaluation, and finally 
extracting data. The next sections will explain these steps briefly. This paper has listed 16 
tools that are being useful in healthcare analytics and techniques that used to improve 
healthcare performance in some healthcare areas. 

Automated Healthcare Data Mining Based on a Personal Dynamic Healthcare System 

Hiroshi Takeuchi et al [7], explained about an automated healthcare-data-mining system. 
This system extracts personally useful information, such as rules and patterns concerning 
lifestyles and health conditions. This daily time-series personal health and lifestyle data 
stored on a personal dynamic healthcare system by using mobile phone and web 
technologies. In this system, each client has a mobile phone with a browser for 
communicating with a web-application server. The server side is a typical model-view-
controller architecture. An automated healthcare-data-mining program is installed on a data-
mining server. In this system, users input their daily data through a mobile phone and to 
transfer these data to a web-application server. The web application server provides a data-
mining service and uses mobile phones to inform users of important rules regarding their 
health and lifestyle data. Here they used the ITRULE algorithm based on information theory 
which automatically generates rules. 

Big Data Analytics for Healthcare Recommendation Systems  

Muhib Anwar Lambay & Dr. S. Pakkir Mohideen[8], examined different recommender 
systems in healthcare domain based on big data analytics.  There are different techniques for 
generating recommendations such as content-based filtering, collaborative filtering and 
hybrid filtering. In this paper, they investigated on some of the important recommender 
systems with underlying advantages and disadvantages and also performed experiments. The 
recommender systems provided by different researchers are compared to evaluate 
performance. Recommendation system is evaluated and the Mean Absolute Error value in 
prediction is considered for patients and doctors’ recommendations. Here the results revealed 
that Mean Absolute Error value determines the performance of recommender system. The 
more Mean Absolute Error value is recorded, the less accuracy of the prediction model. 

Big data in healthcare: management, analysis and future prospects 

Dash et al[9],analyzed the healthcare industry, various sources for big data include hospital 
records, medical records of patients, result of medical examinations, and devices that are a 
part of internet of things. Biomedical research also generates a significant portion of big data 
relevant to public healthcare. This data requires proper management and analysis in order to 
derive meaningful information. Various biomedical and healthcare tools such as genomics, 
mobile biometric sensors, and smart-phone applications generate a big amount of data. 
Therefore, it is mandatory that to know about and assess that can be achieved using this data. 
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Analysis of such data can provide further insights in terms of procedural, technical, medical 
and other types of improvements in healthcare. The collective big data analysis of medical 
data is continuously helping build a better prognostic framework. Big data will facilitate 
healthcare by introducing prediction of epidemics (in relation to population health), providing 
early warnings of disease conditions, and helping in the discovery of novel biomarkers and 
intelligent therapeutic intervention strategies for an improved quality of life. 

CoWiz: Interactive Covid-19 Visualization Based On Multilayer Network Analysis 

Samant et al[10] suggested Covid Wizard or CoWiz is a Covid-19 visualization dashboard 
based on Multilayer Network (MLN) analysis. Online dashboards typically visualize 
statistical information gleaned from raw data, such as daily cases, deaths, recoveries, tests, 
etc. However, for a better understanding, need aggregate analysis and its visualization for the 
purpose of CoWiz. CoWiz utilizes community and other concepts over MLNs that are 
inferred from Covid and other relevant data sets for visualization. Here presents demo which 
is a flexible, interactive dashboard which is capable of visualizing various aspects of Covid-
19 data, including composition of Covid data with demographics. In this paper, they elaborate 
on the types of analysis, underlying model, and how a flexible visualization dashboard has 
been developed using open-source software and data sets. As new data becomes available, 
they can be incorporated into the visualization with no manual intervention. 

Data Science in Public Mental Health: A New Analytic Framework 

There are conventional data analysis projects for understanding public mental health issues 
and find solution. But understanding public mental health issues and finds solution can be 
complex and requires advanced techniques, compared to conventional data analysis projects. 
Data Science in healthcare is an evolving field of great importance to deliver a projection and 
deeper understanding of disease classification, specifically in mental health. It is essential to 
have a data science project management process to ensure that project participants are 
competent and have enough knowledge to start and progress the project successfully. Silva et 
al[11]present a new structure that mental health professionals can use to solve challenges 
using data science. This framework is highly structured with a heavy emphasis on upfront 
planning. Here, the proposed framework has been adopted and validated in the experimental 
evaluation section with real case study. 

Exploration of Big Data Analytics in Healthcare Analytics 

Healthcare data is growing exponentially in recent years. Processing such large and 
unstructured data is a major challenge. It is a huge and time-consuming task to extract 
information from it. Some other challenges are poor data quality, chosen methodology, 
security etc. Big data can easily help to solve these major problems and its use is increasing 
daily. Rahul Katarya and Sajal Jain[12]explained about the challenges in the health sector and 
also explained about the sources of data in the healthcare sector. The analyzing and 
processing of this data is very difficult using traditional methods. Now different tools with 
better capabilities are available. In this paper.they also explained about the different tools 
such as Hadoop Distributed File System(HDFS), Cloudera Distribution for Hadoop, 
MongoDB,etc.  Different algorithms such as support vector macine, logistic regression, etc 
used in Health care is also explained in this paper. It will help to easily identify the 
relationships and analyzing the data sets. Curing a critical disease efficiently requires 
continuous work in this area on the patient’s data having same symptoms. This paper will 
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help to choose which tools and algorithm will be best for performing the analysis. It will help 
each one in the chain - policymaker, hospitals, patients, pharmaceuticals companies. 

Dynamic Modeling of Complex Healthcare Systems Using Big Data to Describe and 

Visualize Healthcare Utilization 

Healthcare costs have risen drastically in the past several decades with no commensurate 
improvement in health outcomes. Khayal[13]presented how a system model for healthcare 
delivery and individual health outcomes can be used in combination with discrete-event 
dynamics to represent healthcare utilization at the smallest unit for a patient, which can also 
be aggregated for cohorts of patients. This paper demonstrated a systems modeling 
framework that distinguishes between several resources if they perform the same task. There 
is a need to apply a modeling framework that allows for dynamic modeling of healthcare 
utilization across healthcare delivery system facilities. In this paper, they briefly describe a 
healthcare delivery system architecture that supports modeling healthcare delivery systems at 
any scale and scope. They also presented two examples, including a published fictitious case. 
They were unable to publish a real patient-level analysis due to a data use agreement that 
strictly prohibits publication of patient level data. 

Empowering Personalized Medicine with Big Data and Semantic Web Technology: 

Promises, Challenges, and Use Cases 

Panahiazar et al [14] briefly discuss the nature of big data and the role of semantic web and 
data analysis for generating smart data which offer actionable information that supports better 
decision for personalized medicine. The biggest challenge according to this paper is to create 
a system that makes big data robust and smart for healthcare providers and patients that can 
lead to more effective clinical decision-making, improved health outcomes, and ultimately, 
managing the healthcare costs. Here they highlighted some of the challenges in using big data 
and proposed the need for a semantic data-driven environment to address them. One of the 
challenges is that technology and infrastructure challenges for using smart data to enable 
personalized medicine. They illustrated their vision with practical use cases, and discussed a 
path for empowering personalized medicine using big data and semantic web technology. 

Review of Prediction of Disease Trends using Big Data Analytics 

Nagavci et al [15] devised a systematic mapping study, to explore and analyze existing 
research about disease prediction in healthcare information. Goal of this mapping study is to 
define each step of research fields answer the research questions based on analyzed articles. 
For that collect a series of publications in the field of interest, to determine the coverage of 
the research field. For categorization of reports and different results needed a systematic 
approach. Structured mapping study is to present an overview of a certain research area as 
well as to identify research gaps. A literature review is a kind of secondary study that answers 
research questions by identifying, analyzing and interpreting relevant evidence. The process 
begins with the definition of research questions. The next step is to conduct the actual search 
by retrieving all papers. Then the screening of the papers to filter all the relevant papers. 
Classification scheme is based on key wording by reading the abstracts. In the end is to 
extract the data and to show results.  

A Comparative Study on Traditional Healthcare System and Present Healthcare 

System Using Cloud Computing and Big data 
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Manikandan Shanmugam and Monisha Singh[16] provides a comparative view of the 
progress made by India in the healthcare sector after the introduction of two major 
technologies such as cloud computing and big data. When these two major technologies are 
integrated into the traditional healthcare system, enormous and effective results can be 
derived. In developing countries such as India, this integration of technologies is needed in 
order to make progress in the healthcare sector. A comparative view of the traditional 
healthcare system and the present healthcare system using cloud computing and big data is 
provided here. In traditional healthcare system, users need to invest time and money to meet 
doctor. After the adoption of cloud computing and big data, patients and doctors can 
communicate each other with the help of social media and external medical applications such 
as Microsoft Health Vault. By obtaining this comparative knowledge a clear view can be 
obtained, so development can be concentrated only in required areas. 

Data Science Vis-à-Vis Efficient Healthcare and Medical Systems: A Techno-

Managerial Perspective 

It is important that more issues and challenges are important to find out to create healthy 
Medical and Public Health systems. This is a conceptual work which is responsible to learn 
latest on several aspects of Health Data Science in current context. Getting sources of 
knowledge from different secondary as well as primary data is also an important part. It is an 
important fact that websites of Health Informatics has been treated as most important and 
valuable in different context. Health Informatics is an important tool and also a domain in 
contemporary Applied Science domain. Health Informatics and its solid integration will help 
for the creation of sophisticated public health development in many respects. Prantosh K. 
Paul and Jayati Lahiri Dey [17] suggested that proper initiatives from the universities, 
colleges, research centers for the promotion of Health Informatics allied domains are 
important to gear up services and also Health Informatics and Health Data Science program 
may be started as a specialization in the field. They also suggested that Development and 
establishment of ‘Digital India’ may only possible with the introduction of establishment of 
smart healthcare segment for the production of tools, systems and applications with new 
features. 

Covid-19 Signal Analysis: Effect of Lockdown and Unlockdowns on Normalized 

Entropy in Italy 

The concept of Entropy is related to uncertainty and predictability of random time series. 
Benedetto et al [18] analyzing the Covid- 19 signal made by the number of registered 
infections in Italy during the first four months of the pandemic epidemics. Some 
considerations are drawn after matching historical dates of some Covid-19 related Acts made 
by the Italian Government (i.e., lockdown and unlockdowns).  Dataset of infections in Italy is 
analyzed here. And also the approximate entropy estimated here. Based on the results, the 
provisions have inducted people to a common behavior concerning local mobility during the 
lockdowns and the progressive unlockdowns of the quarantine period in Italy. After some 
days, people’s mobility became more various and random, since people came back to move 
asynchronously each other. As a consequence, after a short drop, normalized entropy went 
back to standard values. 

The Impact Analysis of Covid-19 on China Various Industries Using Crawler 

Technology and Data Visualization Technology 
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To stop the further spread of Covid-19, Government has to lockdown of the city from 
the outside contact. This leads to the force stop the business activities. This made an impact 
on economic activities. Chen et al [19] fetch the company’s data using crawler technology. 
Web crawler is an information acquisition technology with the development of search 
engines and also it is an important part of index engine grabbing system. It is used to 
download the webpage contents on internet. Then they use big data analytics and data 
visualization technology to analyze the impact of Covid-19 on China various industries. In 
comparing various industries’ profit, they find that the profit value has declined. They found 
that on the whole, many industries have been hit by the epidemic. 

III. Data Science Techniques in E-Healthcare system 

Data Science plays an important role in healthcare system especially in terms of 
COVID-19 pandemic situation. It involves various phases such as analysis using various 
symptoms, Planning the DO’s and DONOT’s during COVID and clinical management. During 
the inception of COVID disease, the world health organization has started giving the 
instructions for the general public on the symptoms for the severely affected, mildly affected 
and the necessary actions to be taken. WHO recommends those who have affected by this 
deadly disease to immediately get admitted in hospital and inform the Local Panchayath ward 
members to restrict the entry of COVID affected areas. Police department has also instructed to 
restrict the movement of people to avoid the spread of this disease. Figure 3.1 represents the 
various activities involved with respect to COVID 19 in E-healthcare system. 

 

Fig.3.1 COVID analysis using Data Science 
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Contact Tracking 

  The contact tracking includes both primary contact and secondary contact tracking 
using various strategies. Set of Questionnaire are prepared to get to know the details of those 
who are affected by COVID. Everyone is recommended to download Arogya Setu App and 
instructed them to keep the app “on” when we go outside to any shops or hospitals. In 
hospitals, patients need to fill the special COVID form which includes all the basic details such 
as name, age, address, phone no, having fever, contact with COVID patients and return from 
any other state or country. All are instructed to fill the details carefully which help the hospital 
to perform contact tracking. If anyone is affected by this virus will be isolated immediately and 
taken to the nearby government hospitals or primary care. Family members and those who are 
in close contact with the affected person are segregated as primary contact and will be enforced 
to undergo quarantine for 21 days. The entire village or the area of an affected person comes 
under secondary contact and inform them not to go outside and restricted to visit the common 
places. In addition to hospitals, local panchayath primarily helps the government and public in 
identifying the person who get infected by this deadly disease.   

 

Fig.3.2 Contact Tracking 

Figure 3.2 represents the major steps involved in contact tracking which includes the local 
panchayath and primary healthcare to send the COVID volunteers’ team to all the houses in 
their panchayath. This COVID team collects the data even from rural people who do not have 
knowledge about the virus. They will explain the symptoms and what has to be done if they 
have any such symptoms and whom they should contact. Data Science plays an important role 
in collecting huge volume of COVID data through various questionnaire that are issued in 
primary healthcare, hospitals and also the data generated using Aarogya Setu App. Data 
Science team specifically data scientist helps the common public to understand the current 
situation of this COVID pandemic with respect to number of people affected state wise, area 
wise and country wise with the help of simple representations.  

Medical Infrastructure Management 

  Data Science primarily helps in Medical Infrastructure management during this 
pandemic period. People who are COVID positive would be admitted in hospital which make 
them to search for a hospital that contains all the facilities such as bed, ICU’s, Oxygen, 
ventilators and the availability of doctors/nurses/healthcare workers. In general, most of them 
get frustrated when they approach hospitals that do not contain such facilities. Some of the 
poor people in India died as they could not afford to pay for the COVID special hospitals. 
Most of the middle-class family members were struggling in finding the hospital which 
contains needed facilities. Government has come up with the solution to this problem using 
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data science techniques. All hospitals in India are instructed to update the details of availability 
of beds, ICU’s, Oxygen cylinders and man power to handle the pandemic situation in the 
website. Health and family welfare department contains all the updated details which allow 
any common public to find out the nearby hospital and the availability of beds with minimal 
time. They need not go to all the hospitals to search for the details which make them to feel 
comfort. Data Science concepts are primarily applicable in collecting, extracting and managing 
the huge volume of data. This supports us to understand the availability of COVID bed, 
oxygen supported bed, non-oxygen supported bed, ICU, ventilators. 

Clinical Management 

  Data Science also plays its role in clinical management which includes the support 
provided by the radiologist, virologist in preparing the report on COVID positive and negative 
using Reverse Transcription Polymerase Chain Reaction (RT-PCR), CT (Computed 
Tomography) scan and X-Ray’s. RT-PCR is the golden clinical diagnosis standard for 
COVID-19 to ensure whether the person is COVID positive or not. Antigen test also is 
available to predict the COVID positive in addition to RT-PCR test results. Manual test 
requires any medical expert such as radiologist to diagnosis the disease. Hence, researchers 
started using recent techniques such as Machine Learning concepts and Deep learning concept 
to predict the COVID. Deep learning system will overcome the drawback of taking RT-PCR, 
Antigen test as it is costly and poor people cannot afford to undergo these tests. Dataset would 
be created consisting of various CT scan, X-Ray and RT-PCR results that are collected either 
directly by visiting various hospitals or by using already existing dataset. The system will be 
trained to test the images and predict whether the person is COVID positive and level of lung 
infection in an efficient manner. Figure 3.3 denotes the data science system used for clinical 
management which includes data generation, data preprocessing and designing deep neural 
network. 

 

Fig.3.3 Clinical Management using Data Science 

 

Tele-Medicine 

  During COVID pandemic, everyone is restricted to go outside and people are very 
afraid even to visit the hospital for other diseases also. We are practiced to get medicines for 
all the health issues such as sugar issue, blood pressure and various infections which may not 
require us to visit hospital. Availing the required medicines would be possible through tele-
medicine which is considered as a great benefit for the general public during this COVID.  
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This tele-medicine allows us to consult the doctor over phone or by WhatsApp depending on 
the need. If doctor does not suggest visiting the hospital, then, we can make use of tele-
medicine facility. It is very important to ensure whether our disease needs hospital 
management or only the medicines as per the suggestions from the doctor. Figure 3.4 shows 
the steps involved in tele-medicine. 

 

Fig.3.4 Tele-medicine 

It includes the doctor suggestion regarding the disease and visiting the hospital information 
which requires us to schedule a tele-medicine visit on not visiting the hospital. This schedule 
helps to ensure the availability of medicine if it is urgent and the time to deliver the medicine 
by the concerned faculty who is in-charge of this tele-medicine. Medicine information is sent 
once the schedule is formulated after receiving the doctor’s prescription by WhatsApp. Faculty 
in tele-medicine department verifies the prescription and send the person in-charge to deliver 
the medicine. Payment has to be completed once the medicine is dispersed. 

Quarantine Enforcement 

  This helps the government to avoid the rapid spread of COVID. Primary healthcare 
such as Local Panchayath provides the details of persons travelling across the state/country and 
enforcing quarantine for 21 days in the beginning and reduced to 14 days and then 7 days to 
avoid the spread of the virus. Government has instructed that local authorities/ police 
authorities/ Military are responsible to monitor this quarantine. Public are given awareness to 
inform the Panchayath official whenever a new person enters into their area. Also, they are 
instructed to give the information if a person who is in quarantine violates the rules and 
coming out from quarantine. Police department would make use of Data Science technique to 
perform analysis on this quarantine enforcement, the rules to be followed during quarantine, 
managing the volunteers to help those who are in need, stress management and the 
methodologies for effective time management. Also, there must be techniques to permit the 
caregivers together with COVID positive person to understand the severity of the disease and 
the need for quarantine.  

Stress Management 

  Stress management has a major effect on everyone’s life during this pandemic. It 
creates a high impact on small kids those who are unable to play with the other kids and they 
started feeling lonely. This is an important issue not only for kids but also for adults who used 
to be busy all the times with their friends and spending most of the time in the 
schools/colleges/working places. Figure 3.5 represents various sources of stress due to COVID 
19 pandemic situation which needs special stress management system using data science 
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technique. There should be methods to understand the need of COVID patients and those who 
are in self quarantine or enforced quarantine.  

 

Fig.3.5 Sources of Stress due to COVID’19 

They should be given enough awareness programs to strengthen the metal ability also to 
incorporate the methods to cope up with the stress. Connecting with others using WhatsApp or 
Facebook founds to be very effective method to get relief from COVID. The important issue 
faced by most of the common public is to deal with the COVID affected elderly people as they 
are not practiced in connecting with others through social media. They usually feel lonely, 
isolated and very much afraid of the disease and few of them even died due to their fear of the 
disease. 

Post discharge analysis 

  Researchers in the field of data science have started analyzing the consequences of 
COVID after getting discharged from the hospital. There are many long-term health 
consequences due to COVID especially in aged people those who got discharged from the 
hospitals. COVID 19 survivors after 6 months of discharge were facing problems such as 
fatigue, muscle weekness, sleeping difficulties and depression. The most common issue what 
they face is body pain in addition to loss of smell, changes in taste bud, loss of vitamins and 
minerals. Data Science is widely helpful in applying statistical analysis with respect to COVID 
survivors after the discovery. Along with statistical analysis, exploratory data analysis methods 
are also widely used in Post discharge of COVID patients. Recovered patients need some 
follow-ups such as nutritious diet, keeping hydrated, doing exercises, taking enough rests and 
medications are suggested by the doctors. There are certain tests suggested by the doctors after 
the recovery from COVID. It includes antibody test, complete blood count, vitamin D test, 
cholesterol test, chest scans and so on.  Following are the important parameters for post 
recovery. 
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 Analyzing the side effects which reduce the physical activity 

 6 min walk to ensure the proper oxygen level 

 Blood test 

Early Warning 

  Early warning is essential during this COVID as it helps so many innocent people to 
save their lives by looking at various symptoms. There are huge volumes of data such as 
reports on symptoms such as fever, sore throat, dry cough, and shortness of breath, muscle or 
body ache, tiredness, headache, loss of taste and smell, running nose, diarrhea, vomiting are 
applied to give a warning to general public. WHO has given awareness whenever they 
experience such symptoms as the reports are collected directly from hospitals, primary health 
centres. Various data analytical techniques are incorporated in order to give an early warning 
to the general public. 

 

Fig.3.6 Data Analytical Techniques on Early Warning 

Figure 3.6 denotes the data analytical techniques applied on early warning during COVID 19 
pandemic. 

COVID vaccination analysis  

  WHO has instructed that vaccination is the only solution to reduce the consequences 
of COVID. Data Science plays a major role in vaccination analysis which seems to reduce the 
complexity of performing manual process. Government has given an order to all the local 
panchayath to take the responsibility of making the people to take the vaccination in nearby 
schools and government hospitals. Separate website is being maintained to know how many 
people vaccinated every day in every district. No. of people vaccinated with first dose only and 
those who have taken both the doses are maintained district wise for the quick analysis. 
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Statistical analysis techniques have been applied to know the availability of vaccine in nearby 
hospitals or healthcare centres along with the total availability of each vaccine category. This 
creates an impact on taking vaccine for the common public. 

Impact of COVID analysis 

  This COVID pandemic has created a great impact on everyone’s life. We have lost 
many of our dear one’s due to this COVID which created a negative impact in human’s life. 
Usage of data science has created a positive impact which helps us to know the disease not 
only theoretically but also practically using statistical analysis techniques and exploratory 
analysis techniques. Various graphical representations have given an understanding of COVID 
and the effect of COVID in an effective manner.  

Software Engineering framework for COVID-19 

  Software Engineering Framework helps in analyzing the COVID 19 in a step by step 
manner. Figure 3.7 represents the framework used for COVID 19 which includes problems 
definition, requirement gathering, data collection, data analysis and the other statistical 
methods applied.  

Problem Definition 

  There are various COVID related problems which includes How people get affected 
by COVID, impact of COVID in children, Vaccine issues, post recovery and stress 
management. Problem definition clearly describes the problem that needs to be handled by the 
data scientist. First step in any data science project is problem definition without which the 
required solution could not be given. Data Science team will segregate the problems during the 
next stage of the software framework. Doctors/ healthcare faculty could clearly specify the 
problem statement related to COVID. 

Requirement Gathering 

  Data Science team will identify the requirements for the given problem in order to 
give a solution. Healthcare professionals / data scientist need to ensure the requirements of the 
given work.  
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Fig.3.7 Software Engineering Framework 

The requirements that are specific to the particular problem on COVID should be specified. 
Requirement gathering is considered to be an important step which includes cost estimation, 
manpower requirement, and time requirement. This step directly contributes to customer 
satisfaction which consists of healthcare professionals, doctors, nurses and other benefactors.  

Data Collection 

  Data Collection process with respect to COVID should be initiated once the 
requirement gathering gets over. There are two important factors when the data collection 
operation begins which covers risks involved and services. Data that are related to COVID 
through websites, newspaper, articles, journal papers and conference proceedings would be 
utilized. This helps in understanding the risks when the data from website or other sources and 
to ensure the correctness of COVID data. One such data collection on COVID includes the 
vaccine details such as no of vaccine doses, names of the doses, hospital names, and 
responsible healthcare faculty names. This requires the entire information on Vaccine that 
would be updated in the database. Local panchayath administrators should appoint a faculty 
who is having knowledge on handling the databases to prevent from data loss and duplication 
in the database. All the administrators handling various systems of COVID should follow the 
services that are applicable for data collection. 
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Data Analysis on COVID 

  This data analysis incorporates data preprocessing which plays an important role in 
this COVID data. There is a chance that online dataset or database may contain null values, 
irrelevant information or the data which is in different format. These issues would be solved by 
using data preprocessing. Data preprocessing will help to retrieve and extract the relevant 
COVID data which is fed as the input for data cleansing. The data cleansing is the method of 
eliminating the incomplete or duplicate data on the COVID dataset. The next step is to adapt 
feature selection after performing data preprocessing and cleansing. Each COVID dataset what 
we are looking for will be in different format and have various fields. This feature selection 
aims to select only needed features and extract the useful fields from the disparate fields. Data 
partitioning is another task on this COVID data analysis as most of the dataset contains huge 
volume of data. It is preferable to partition the some of the fields together to perform any data 
analytical operation or exploratory data analysis. If we apply exploratory data analysis on the 
dataset which contains many fields, then the result would be clear. To overcome this drawback, 
data partitioning is thought to be a suitable method. 

Statistical modeling on COVID analysis 

  Researchers started using various statistical techniques on COVID analysis which 
includes exponential model, cubic, quadratic, power , growth model and other logarithmic 
algorithms. Other models include linear regression model, non-linear regression model, 
Weibull model and so on. This statistical approach helps to understand the outcome of defined 
data on COVID. 

Visual Data exploration 

  This helps to everyone in the world today to understand the COVID 19 outbreak 
through various visual representations. These visual representations such as pie chart, bar 
chart, and many other are defined by using the correlation between different variables. The 
fields that are closely correlated are considered to generating the visual representations. 
Analysis with respect to gender and age wise those who have affected by COVID, analysis on 
COVID confirmed, recovered and death rate are few of the examples of applying visual 
exploratory analysis technique. 

Evaluation and Knowledge extraction 

  Final step in software engineering framework is to evaluate the processes in a step by 
step manner and to perform knowledge extraction. COVID 19 pandemic situation has invited 
the researchers to apply various data science techniques which provide the suitable insight to 
the general public through the websites, social media and newspapers. Knowledge extraction 
deals with enabling the general public to aware about this deadly disease with respect to 
various factors. 

IV. Results and Analysis 

This section describes a comparative study of the details regarding COVID-19 vaccination in 
different countries all over the world. Different details including the number of vaccinations 
per day, total number of vaccinations, vaccines given in each country, the most popular 
vaccine all over the world are considered. Dataset from the Kaggle repository is analyzed here 
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to discover these details and its visualization. As of November 18, 2021, around 53.2% of the 
world population are vaccinated with at least one dose of a Covid-19 vaccine. 

Total number of vaccinations 

The table below shows top 10 countries based on the total number of Covid-19 vaccines given 
in each country. Table also shows the main vaccines that are approved, number of fully 
vaccinated, and the percentage of population fully vaccinated in each of these 10 countries. 

Table 4.1 Top 10 countries according to the total number of vaccinations given. 

 

Top approved vaccines 

A total of 24 Covid-19 vaccines are approved as of November 18, 2021 and are distributed in 
194 countries all over the world. The table below shows the top 10 vaccines approved, 
authorized, licensed, or granted emergency use authorization along with the number of 
countries where they are given. 

Table 4.2 Top 10 vaccines and the number of countries where they are given. 

 

Visual Exploratory Techniques 
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The following sections analyze Covid-19 vaccination details using different visual exploratory 
techniques including bar charts, pie charts, choropleth maps, and tree maps.  

Bar Charts 

Bar charts are used to plot categorical data using rectangular bars. Figure 4.1 shows bar chart 
for the top 10 countries with total vaccinations per 100 people and Figure 4.2 illustrates bar 
chart for the top countries with the number of fully vaccinated people. 

 

Fig. 4.1 Top 10 countries with total vaccinations per 100 people. 
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Fig. 4.2 Top 10 countries with fully vaccinated people. 

Pie Charts 

Pie charts divides a circular region into slices to illustrate proportions. Figure 4.3 depicts a pie 
chart showing the details of the most-widely used vaccines worldwide for Covid-19. 

 

 

Fig. 4.3 Top 10 vaccines around the world. 

Choropleth maps 

Choropleth maps are used to show divided geographical areas or regions by different colors, 
shadings, or patterns in relation to a data variable. Figure 4.4 demonstrates a choropleth map 
where the areas are shaded based on the combination of Covid-19 vaccines administered in 
each country. 
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Fig. 4.4 Countries along with the name of vaccines. 

Tree maps 

Tree map is an effective method to visualize the data hierarchically like a tree diagram while 
also displaying the area size representing the quantities for each category. Figure 4.5 shows the 
tree map of countries based on the total vaccinations administered per country grouped by 
vaccines given in each country. 

 

Fig. 4.5 Countries along with the name of vaccines. 

V. CONCLUSION 

This chapter has covered the medical data science using software engineering 
framework which is essential in E-healthcare for COVID-19. Automated healthcare system 
and the importance of Data Science in healthcare was discussed. Various data science 
techniques in E-healthcare system with respect to COVID-19 were elaborated. Corona Virus 
analysis techniques such as Contact tracking, Medical infrastructure management, Clinical 
management, Telemedicine, Quarantine Enforcement, Stress Management, Post discharge 
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analysis, Early Warning, COVID vaccination analysis and the Impact of COVID analysis. 
Software Engineering framework has also introduced in the E-healthcare system that includes 
Problem Definition, Requirement Gathering, Data Collection, Data Analysis on COVID, 
Statistical modeling on COVID analysis, Visual Data exploration, Evaluation and Knowledge 
extraction. Visual exploratory analysis on top 10 countries according to the total number of 
vaccinations given was discussed. Top arrived vaccines were also identified and shown using 
visual representations. Choropleth maps and Tree maps were also applied in the results and 
discussion. These visual exploratory techniques are very essential for the common people to 
understand the impact of COVID – 19. E-healthcare monitoring system requires evolutionary 
techniques such as Data Science, Artificial Intelligence, IoT, Big Data Analytics in order to 
strengthen the medical recovery system. 
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