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Program 

If anything, COVID-19 has given a massive fillip to analytics in healthcare sector. It 

is not that healthcare sector was not using analytical tools earlier, just that use of 

analytics has become more pronounced after the emergence of this disease. Massive 

amount of data is being generated the World over on COVID-19 and such large data 

can only be analysed though Machine Learning techniques. ML technology helps to 

understand numerous aspects of this malady. 

Health sector has generally been 

generating large amount of data. Today, 

many hospitals are computerised leading 

to massive volumes of patient data, 

sensor data coming out of electronic 

instruments, claims and cost data, 

inventory & drugs data and HR data. 

Machine Learning and Deep Learning 

techniques offer a way to explore and make sense out of this data and make very 

useful predictions. Some questions that we try to answer pertain to Clinical problems, 

Pharmaceutical and research challenges, Patient behaviour or Insurance and Costs. 

Here is a list of some of the questions. 

The program is divided into five modules. Module-I introduces Healthcare and its 

multiple aspects. Module-II is regarding a host of digital technologies being used in 

this sector. Modules-III, IV and V relate to Analytics. 

Attached Case Studies document--Case Studies in healthcare analytics--lists some of 

the projects from real world data that our students undertake while experimenting. 

Course Modules 

The plan for five modules is as below. Teaching sequence will also be in this order. Details about 

each Module are given below under respective Module heads. 

Module Name Hours 

Module—1 Understanding Healthcare Management 22.5 hours 

Module—II Digital Health & Technologies  

Module---III Machine Learning 35 hours 

Module---IV Deep Learning and Natural Language Processing 45 hours 

Module---V Capstone project To go in parallel 

Total 120 hrs** 

**This excludes no of hours of Workshops 

https://www.fsm.ac.in/bigdata/csha.pdf


Module-I: Understanding Healthcare Management 

This introductory module covers a wide 

variety of healthcare settings, from hospitals 

to nursing homes and clinics. The module 

starts with the discussion on the state of 

healthcare in India. Then the module covers 

important issues in healthcare management, 

such as ethics, cost management, strategic 

planning and marketing, information 

technology, and human resources. 

The module uses examples/case study to engage the student’s imagination.  The 

module uses the case from the reference book for better understanding of the 

healthcare problems in India. The lectures in this module will be taken by the 

academician as well as healthcare professional who has decades of experience in 

managing the healthcare in India. The key learning takeaways for this module are:  

 Develop business acumen 

 Integrative approach to decision making 

 Understand the healthcare ecosystem in India 

 Recognise emerging trends and innovations in healthcare 

 Develop leadership and collaborative competencies 

Pedagogy for Module-I 

1. Case Studies about Indian/Global Players  

2. Interactive session by Industry Practitioners   

3. Interactive Lecture by health policy makers  

4. Online Quizzes to reinforce the learning  

Reference Books for Module –I 

1. Introduction to Health Care Management By Sharon B. Buchbinder, Nancy H. 

Shanks 

2. Latest in Healthcare Management by Pradeep Bhardwaj, Jaypee Brothers  

3. Hospitals: Facilities Planning and Management by GD Kunders  

Public Health and Health Policy in India 

Introduction of Public Health in India, Healthcare Facilities (PHC’s, CHC’s District 

Hospitals and Medical Colleges), Government Healthcare Initiatives and Spending, 

National health Committee Reports, and Challenges in Healthcare in India. 

Readings: Health Policy Reports 

https://www.google.co.in/search?hl=en&sxsrf=ALeKk02Rzcg3MopDKhPsl9tS-g2XDXvQmA:1609425566832&q=inauthor:%22Sharon+B.+Buchbinder%22&tbm=bks
https://www.google.co.in/search?hl=en&sxsrf=ALeKk02Rzcg3MopDKhPsl9tS-g2XDXvQmA:1609425566832&q=inauthor:%22Nancy+H.+Shanks%22&tbm=bks
https://www.google.co.in/search?hl=en&sxsrf=ALeKk02Rzcg3MopDKhPsl9tS-g2XDXvQmA:1609425566832&q=inauthor:%22Nancy+H.+Shanks%22&tbm=bks


Overview of Healthcare Management  

Fundamentals of Healthcare Management, Leadership in Healthcare, Strategic 

Planning in Healthcare, Health Economics, Healthcare Marketing, Quality 

Improvement in Healthcare, Managing Healthcare Professionals, Managing 

Healthcare Operations, Managing Research in Healthcare, and Ethics in Healthcare.   

Case Study: Massachusetts General Hospital's Pre-Admission Testing Area (PATA)  

Financing Healthcare and Health Insurance 

Introduction to health insurance, Brief History of health insurance, characteristics of 

health insurance, Private Health Insurance Coverage, Evolution of Social Insurance, 

Managing cost and revenue in healthcare, Financial Governance and Responsibility 

Structure, Managing Reimbursements from Third-Party Payers ,Coding in Health 

Care, Controlling Costs and Cost Accounting, Setting Charges ,Managing Working 

Capital, Managing Accounts Receivable, Managing Materials and Inventory, and 

Managing Budgets 

Tools Used: Excel  

Case Study: Lessons from OBAMA Care and Ayushman Bharat   

Healthcare Quality Analytics and Six Sigma   

Defining Quality in Health Care, Why Is Quality Important? The Relevance of Health 

Information Technology in Quality Improvement, Common Elements of Quality 

Improvement, Three Approaches to Quality Improvement, Quality Improvement 

Tools, Control Charts,  Six Sigma in Healthcare, Baldrige Award Criteria: A Strategic 

Framework for Quality Improvement. 

Tools used: Excel  

Case Study on EQAS system of CMC Vellore  

Optimization Problems in Healthcare 

Facility Problem in Healthcare, Classifications of Inventory in Healthcare, Inventory 

Optimization in Healthcare, Surgeon Scheduling, Priority Scheduling, Radiotherapy 

Scheduling, Workforce Planning, and Managing Real Time Supply Chain, Managing 

Blood Supply Chain. 

Tools Used: Solver /LINGO  

Case Studies: Numerical Examples from Book 

Module-II: Digital Health & Technologies 

Digital health is the convergence of digital technologies with health, healthcare, 

living, and society to enhance the efficiency of healthcare delivery and make 



medicine more personalized and 

precise. The broad scope of 

digital health includes categories 

such as mobile health (mHealth), 

health information technology 

(IT), wearable devices, telehealth 

and telemedicine, and 

personalized medicine. This 

module discuss the technologies 

enabling digital health. The key learning takeaways of this module is: 

 Understanding the digital health and technologies  

 Learn about different standards and process in healthcare 

 Understanding open source and data revolution in healthcare  

 Understanding the role of wearable and portable devices in healthcare data 

collection  

Pedagogy for Module-I 

1. Case Studies/ Best Practices discussion   

2. Interactive session by industry practitioners   

3. Online Quizzes to reinforce the learning  

Reference Books for Module –II 

1. The Creative Destruction of Medicine: How the Digital Revolution Will Create Better Health 

Care by Eric Topol 

2. Digital Health and the Gamification of Life: How Apps Can Promote a Positive medicalization 

by Antonio Maturo, and Veronica Moretti 

3. Fundamentals of Telemedicine and Telehealth by Shashi Gogia 

Introduction to Digital Health  

Defining the digital health, Growth in digital health technologies, Personalised and 

population digital health approaches, Challenges in digital health, Digital health’s 

impact on quality and safety, Electronic Health Records (HER). 

Case Study:  Digital Health System in Estonia, Use of EHR during COVID-19 in Contact 

Tracing  

Health Informatics 

Health Information System, Introduction to Health Level Seven (HL7), HL7 

Standards, Integrating the Healthcare Enterprise (IHE), IHE Process, Picture 

Archiving and Communications Systems (PACS), Vendor Neutral Archives (VNAs), 

Advantages of VNAs. 

Case study:  Implementation Case Studies of HL7 

        https://www.hl7.org/participate/case-studies/index.cfm  

https://1lib.in/g/Veronica%20Moretti
https://www.hl7.org/participate/case-studies/index.cfm


Open Source and Data Revolution and healthcare 

Open Source Software (OSS), Concern of Security in OSS, Open Source in 

Healthcare, Open Source Software for EHR, OSS for Disease Management, OSS for 

Imaging and Visualisation, Big Data, Device used for Big Data Collection 

Reading: Healthcare Information Systems: Many Models, One Solution  

                  https://ieeexplore.ieee.org/document/7063177.  

IT Infrastructure in Healthcare (Cloud Computing) 

Introduction of IT Infrastructure, Components of IT Infrastructure, Introduction of 

Cloud Computing, Components of Cloud Computing, Emerging Technologies 

Accelerated by Cloud, Overview of Cloud Service Models, Cloud Deployment 

Model, Cloud Security and Monitoring.   

Case Study: Adoption of Clod Computing in Healthcare  

Reading: Cloud Computing is helping smaller newer firms compete  

               https://hbr.org/2018/08/research-cloud-computing-is-helping-smaller-newer-firms-compete  

IoT, Medical Devices and Physiological Signal Processing 

IoT in healthcare, Block chain in healthcare, Wearable Devices, Wearable devices in Chronic 

care and Lifestyle disease, Healthcare Sensing and Monitoring, Physiological Signal Process, 

Precision Medicine, Telemedicine, mHealth, Gamification and Behavioural Sciences and 

Digital Health, Social Media in healthcare.  

Case Study: iMumz: Week by Week pregnancy program 

Reports:  

https://www.mohfw.gov.in/pdf/Telemedicine.pdf    
Telemedicine Society of India and Practo report on ‘Rise of Telemedicine – 2020’ 

Modules-III, & IV 

About the Modules—III & IV 

We have three modules on Machine Learning and 

AI Techniques (ML & AI). These modules are 

totally hands-on and practise based. These are 

online, live, and totally interactive lab oriented 

Modules with the primary objective of 

disseminating techniques of Healthcare Analytics 

using Machine Learning & AI. These techniques 

enable one to apply them on data in one's research 

work or for teaching or in any medial application. 

Total teaching hours (excluding Workshops) for the 

two modules are 80+ hours. 

https://ieeexplore.ieee.org/document/7063177
https://hbr.org/2018/08/research-cloud-computing-is-helping-smaller-newer-firms-compete
https://www.mohfw.gov.in/pdf/Telemedicine.pdf


Hybrid approach to learning analytics 

We follow a hybrid approach to learning. We know that some students do not find 

themselves comfortable with learning a computer language. Moreover, most students 

find that a computer language can be learnt up to some point and beyond that they 

find that the language becomes so complex that it takes the focus away from the main 

goal—performing predictive analytics. 

We pay attention to it in our Modules. We begin with learning Python. Python is one 

of the important languages in the toolbox of ML & AI. It is easy to learn. However, as 

we go deeper, we continue to carefully watch the comfort-level of our students and 

the difficulties they face. 

We provide two solution to extract ourselves from this: One, holding Workshops and 

the other shifting to GUI based frameworks. 

Visual framework tools—KNIME, H2o.ai and Deep Learning Studio (for deep 

learning) are very widely used GUI-frameworks. These tools make developing 

models very easy—drag-drop a widget on work-area, connect it with other widgets 

and configure it. There is no programming involved. We describe these Visual 

framework tools below. 

Dataset sizes and types of datasets 

Python libraries can handle data of many gigabytes. Visual framework environment 

does not imply that only small amount of data can be handled. Large data of gigbytes 

size can be analysed. We will be analysing tabular data, images data, audio data and 

sensor data. All these data will be real-data. 

About Visual Tools used 

We use KNIME, H2o.ai and Deep Learning Studio. All three have highly intuitive 

user interface to perform analytics. We describe each one of them below: 

KNIME 

We use KNIME to implement ML & AI Techniques. KNIME is to Data 

Science what SPSS is to Statistics. Just as in SPSS, it is easy to import data, 

analyse it and generate reports for statistical analysis, so also it is equally easy 

(if not easier) to implement ML&AI techniques and publish results using 

KNIME--no matter how 

small or how large your 

dataset is. Also, just as 

results from SPSS are 

recognised widely in 

research community, so also 

KNIME's credibility to Data 

Science is recognised the 

World over and for the sixth 

year in a row, Gartner has 

placed KNIME as a leader 

for Data Science and Machine Learning (ML) Platforms in its Magic Quadrant 

based on ability to execute and completeness of vision. See this link. KNIME 

https://www.knime.com/
https://www.analyticsvidhya.com/blog/2020/02/gartners-2020-magic-quadrant-for-data-science-and-machine-learning-tools-check-out-the-new-leaders/


also offers a bonus for those who are familiar with Python--extending its 

utility. KNIME is being used extensively in Industries for research & 

production oriented work. 

H2O.ai 

We also use another top-of-industry tool--H2O.ai. Both KNIME and H2O.ai 

are open-source platforms, free to download and use (GPL ver 3 licence). It is 

very easy to install them on one's laptop. They are installable on Windows, 

Mac or Linux platform (for example Ubuntu). 

Deep learning Studio 

Deep Learning Studio is a software tool that aims to simplify the creation of 

deep learning models used in artificial intelligence. It is compatible with a 

number of open-source programming frameworks. 

Deep Learning Studio can automagically design a deep learning model for any 

custom dataset. One can have a good performing model up and running in 

minutes. It's a tool for AI developers to build, train, and deploy their deep 

learning models. Deep Learning Studio is installable on Windows or Ubuntu. 

Primary Objectives of the Analytics Modules 

i. Develop insights into healthcare data through visual analytics 

ii. Discover if data has any structure 

iii. Learn techniques to group/cluster data 

iv. Develop models for predictive analytics 

v. Optimize model performance, and 

vi. Single-out attributes that contribute most towards higher performance--

>Explainable AI  

Type of questions answered 

Here are several typical or atypical questions that we 

strive to answer in our classes. We will perform 

Segmentation analysis, Classification analysis and 

Regression analysis.  

Clinical Problems 

 Classify fetal health in order to prevent child and 

maternal mortality 

 Predict lung function decline—Pulmonary 

Fibrosis Progression 

 Predict Possibility of Heart Attack 

 Classify Pulmonary Embolism cases in chest CT scans 

 Predict the onset of diabetes based on diagnostic measures 

 Predict Age from X-rays 

 Predict if an infant is likely to develop autistic tendencies 

https://www.h2o.ai/
https://en.wikipedia.org/wiki/GNU_General_Public_License
https://deepcognition.ai/features/deep-learning-studio/


 Predict severity of epileptic seizure 

 Detect Malaria through Infected Cell Images 

 Detect Autism from a facial image 

 Identify acute intracranial haemorrhage and its subtypes 

 MRI Imaging Comparisons of Demented and Nondemented Adults 

 Create an accurate model to predict the stage of Alzheimers 

 Distinguishing Different Stages of Parkinson’s Disease 

Pharmaceutical and R&D Problems 

 COVID-19 mRNA Vaccine Degradation Prediction 

 Predict a biological response of molecules from their chemical properties 

Patient behaviour 

 Can you predict if a patient will keep his appointment? 

 Prevalence and attitudes towards mental health among tech workers 

Insurance and Costs 

 Can you accurately predict medical insurance costs? 

 Healthcare Provider Fraud Detection Analysis 

 Explore Health Insurance Marketplace 

 Predict length of stay in hospital 

 Predict medical insurance costs 

 Predict hospital readmission for diabetes patients 

Retail purchases and sale 

 Forecast sales of drugs using store, promotion, and competitor data 

For details of these cases, please see the accompanying document: Case Studies in 

Healthcare Analytics. 

Detailed Contents 

Modules--III and IV differ in their approach to Machine 

Learning. Module--III pertains to what may be called 

Traditional Machine Learning and Module-IV pertains to 

Deep-Learning and Natural Language Processing 

techniques. Traditional techniques require much less 

data than Deep-Learning or NLP techniques. Both have 

their pros and cons. Traditional ML techniques generally 

deal with tabular data sets while deep-learning techniques also process Image or video 

datasets. 

Module—III--Details 
Machine Learning 

We practice those modelling techniques that consistently garner high performance, 

are relatively fast and are well known in ML community. Thus, these will be of 

https://www.fsm.ac.in/bigdata/csha.pdf
https://www.fsm.ac.in/bigdata/csha.pdf


immense use in many predictive applications. These techniques do not perform that 

well with image or video data. 

1. Introduction to Machine Learning Technology 

2. Data visualization and discovering structure in data. (Techniques 

include t-sne, parallel coordinates, mosaic plots) and Feature importance 

3. Unsupervised learning techniques 

a. K-means clustering 

b. Hierarchical clustering 

c. Expectation-Maximization algorithm 

d. T-SNE & UMAP manifold learning technique 

4. Dimensionality reduction 

a. Principal Component Analysis (PCA) 

b. Kernel PCA 

5. Supervised learning techniques for Classification and Regression 

a. Decision trees 

b. Ensemble modelling using Random Forest 

c. Gradient Boosting Techniques 

i. Gradient Boosting Learner 

ii. XGBoost 

iii. LightGBM 

iv. CatBoost 

d. Handling imbalanced data—SMOTE, ADASYN & other 

methods 

e. Performance measures: Accuracy, Precision and Recall, F-

measure; Area Under the Curve, Cohen’s Kappa, Sensitivity, 

Specificity 

6. Hyper-parameter optimisation techniques—Bayes Optimization; 

7. Interpreting Machine Learning Models 

Module—IV--Details 
Deep Learning and Natural Language Processing 

In Module-IV we practise Deep-learning 

techniques and Natural Language Processing. 

Deep Learning techniques are especially useful for 

image datasets, for example, chest-X-rays and 

CAT-Scans. These techniques are also used with 

sensor data (for example, ECG). If tabular data is 

sufficiently large, deep learning techniques can be 

applied for making predictions. Many a time, 

structured data has one or more columns of text data (for example describing patients’ 

state of health etc). Natural Language processing techniques can be applied on such 

columns. Here is what we cover and learn:  

1. Introduction to Neural Networks (NN) 

2. Experiments with MLP networks 

3. Regularising NN 

a. Dropouts 



b. Batch-normalization 

c. l1 and l2 regularization 

d. Starting weight initialization 

4. Deep Learning with Convolution Neural Networks 

a. Data Augmentation 

5. Using very deep Convolution Networks 

a. Transfer learning with VGG16 

b. Transfer learning with ResNet50 

c. Transfer learning with InceptionV3 

6. Recurrent Neural Networks 

a. LSTM, GRUs and Bi-directional LSTM 

b. Working with complex sensor (time-series) data with multiple 

variables 

c. Sequence Classification and text-classification 

7. Natural Language Processing 

a. Word2Vec transformation 

b. Encoder-decoder networks 

8. Experimenting with TensorBoard 

9. Autoencoders and Anomaly detection 

10. Automated Machine Learning (AML) 

Module—V 
Capstone project 

Module V is the culmination of purely Analytics part of this course. A project will be assigned 
and students will have to execute the project in a step-wise fashion. Students may execute 
the project alone or in small teams with a team leader. Teams have the benefit of trying 
many alternative strategies before zeroing on the most promising one. Students will also be 
free to take up a project from their organization. Capstone project begins early while Deep 
Learning classes are in progress and runs in parallel to the teaching schedule. 

ML & AI Modules Pedagogy: 

We strongly believe that a course in Healthcare Analytics can only be practice-based 

rather than pure theory based. We also believe that a practice-based course requires 

constant interaction with the teacher during lecture hours in real time. Our teaching 

pedagogy is like this: First, the algorithm (or theory part) is conceptually explained 

without getting into mathematics and then a project is undertaken to implement the 

techniques. Datasets for implementation are made available in advance. During the 

lecture, we go through the code (a line, at a time) or KNIME workflow and explain 

the steps. At his end, the student goes through the same steps on his laptop. 

Consequently, results are available at our end as also with the Students immediately. 

In short, both the teacher and students are working on their respective laptops 

simultaneously; students solve their problems and ask any questions to clarify. The 

whole experience is just as if everyone is sitting in a laboratory and working together. 

Students are required to have a laptop with minimum of 8GB of RAM. Workshops 

are a special feature of program.  



For Deep-learning and NLP problems, we encourage students to work on 

Google Colaboratory or Gradient (by PaperSpace). 

Workshops 

A unique aspect of this Module is 

‘Workshops’. As mentioned in 

the Pedagogy, we undertake, as a 

regular feature, Case Studies and 

hands-on Projects in a ‘normal’ 

class. In addition, we hold 

Workshops. Workshops are 

classes where Students are 

primarily to solve a problem 

themselves rather than depend 

upon the Teacher. A Project is assigned and students attempt the project either 

in consultation within team or with one another. They are free to explore and 

apply their ideas. Faculty remains in attendance and intervenes when 

necessary. Unlike ‘normal’ classes which are Faculty-led, Workshops are 

Student-led. 

Workshops are a feature that DO NOT EXIST in any other program on AI. 

These have been introduced after our long experience with teaching this 

subject and receiving feedback from students. Students are generally very 

appreciative of Workshop sessions. 

Who Should Attend? 

Healthcare industry generates huge volume of data and this data is analyzed by 

professionals specializing in diverse fields. The program would be very useful 

for Bio-technologists, students of Bio-informatics and students enrolled in 

B.Pharma, 

In general, students of Life –Sciences--Biology, Biotechnology, Biochemistry, 

Bioinformatics, Cell biology (cytology), Ecology, Molecular biology, 

Microbiology, Marine Sciences —will find the program extremely useful. 

Data Scientists or researchers in Pharmaceutical Industry, Doctors, students 

enrolled in MBBS or MD, those in academics or Healthcare professionals will 

also find program extremely beneficial. 

Program Timings and Duration: 
Total Duration for the complete program is 120+hours. The (+) refers to 

Workshops. Program will be delivered online, on Saturdays and Sundays, from 

2PM to 5PM (IST). There are 6 hours of teaching per week. Workshops are held 

on dates and times in consultation with students. Students are expected to 

perform exercises. This methodology of "learning concept->performing class 

projects-->Do self-exercises" leads to better and stress-free absorption.  

https://gradient.paperspace.com/
https://www.fsm.ac.in/bigdata/csha.pdf
https://en.wikipedia.org/wiki/List_of_life_sciences#Basic_life_science_branches


Program Faculty 
Prof Vinaytosh Mishra, Prof Ashok K Harnal and Invited faculty from Industry 

******************* 


