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About me …
Education

• B.Tech. in Computer Science and 

Engineering, IIT Kharagpur

• MS and PhD in Business 

Administration, University of 

Rochester, New York

Academic (2012 – present)

• Faculty at the Information Systems 

area at ISB since 2012

Industry (2000-2005)

• Software product development

• Cal2Cal, Novell, Oracle

Research

• Applied Economics – Economics of IT and ITeS

• Business Analytics and Data Mining

Teaching

• Indian School of Business (current)

• Economics (Information Technology) and 

Analytics based courses

• PGP – Full-time MBA

• PGPPro – Part-time MBA

• AMPBA – Business Analytics Masters

• Custom Programs

• University of Rochester, NY (during PhD)

• Mathematics and Statistics based courses

• MBA and PhD programs

Prof. Rajib L. Saha, Indian School of Business



Data Analytics in a 
Nutshell



Domain 

Knowledge

Business

Hat

Economics Statistics Computer

Science

Computer

Engineering

Mathematics

Jack of all & master of SOME the 

DOMAIN

4



What is your Busines Hat ?



The Objective of a Private Organization:
Maximize (economic) profits

𝑃𝑟𝑜𝑓𝑖𝑡 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 − 𝐶𝑜𝑠𝑡

• Market power derives from competencies on the demand and/or the 
supply side.

Operational costs 
(Operations Mgmt.)

Costs of Capital
(Finance)

Regulatory Costs
(Accounting)

Supply SideDemand Side

Marketing



The Objectives of the Government:
Maximize Social Welfare

• 𝑃𝑟𝑜𝑓𝑖𝑡 𝑜𝑟 𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟 𝑆𝑢𝑟𝑝𝑙𝑢𝑠 = 𝑅𝑒𝑣𝑒𝑛𝑢𝑒 – 𝐶𝑜𝑠𝑡

• 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟 𝑆𝑢𝑟𝑝𝑙𝑢𝑠 = 𝑉𝑎𝑙𝑢𝑒 − 𝑃𝑟𝑖𝑐𝑒

• There is a tradeoff between consumer and producer surpluses.  

• Extent of control by government gives us different systems.
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Technology

Data

Analytics

• TECHNOLOGY enables and gives rise to 
different business and operating models.

• E-Commerce

• Gig economy or sharing economy

• Fintech

• …

• Digitization enables collecting more footprints

• More DATA with government and firms

• ANALYTICS create values across functions in 
firms and government organizations using 
Data.  



Why do we need Data for 
better decision-making?

• Human cognition has limitations 

• We are affected by our perceptions

• Difficulty to isolate a problem

• Tendency to use a narrow range of solutions

• We have bias - we shape responses based on memory, 
stereotypes

• So, decision making is prone to serious inaccuracies 
and errors



Why do we need Analytics 
to understand Data?

• More data can lead to information overload
• But not if we understand how to manage and process it.

• To overcome cognitive limitations, perception, and bias

• Because decisions are hard to make

• The number of alternatives keeps increasing

• Decisions must be made under time pressure

• Decisions are more complex



Data Vs. Big Data

What is Big 
Data?



4 Pillars of Analytics

Indian School of Business



4 Pillars of Analytics

Indian School of Business

Predictive 

Analytics





• It lets Indian Railways passengers know the 

probability of confirmation of wait-listed tickets 

based on a new algorithm developed by the Centre 

for Railway Information Systems (CRIS).

• The algorithm used past 13 years' data as of 2018.

• Nearly 1.3 million tickets are booked on 

the IRCTC website every day against a reserved 

accommodation of 1.05 million berths.



Which taxpayer warrant an 
audit?
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Medicaid is the USA’s public 

health insurance program 

for people with low income.



Indian School of Business

Source: https://cio.economictimes.indiatimes.com/news/next-gen-technologies/vedanta-bets-on-ai-to-peek-into-the-future/86634142

“We had two options: either to invest money and then put those 

sensors downhole so we can get the information needed or to use 

the data from the other wells. We used that data from the wells 

which had those sensors to build a supervised machine learning 

model. We used the information that we had in those wells to train 

a model that would predict the bottom hole flowing pressure for 

the rest of the wells which did not have the sensors. With this, 

we have applied predictive analytics and data to get visibility on 

how wells are flowing at the bottom.”





Intrusion detection at the border, in 
the airspace

• Remember Pearl Harbor?

• Classifying radar signal into 
noise vs. enemy plane

• Video and Image Analytics 
along the LAC to detect enemy 
movement

• Big-Data counter part of what 
CCTV can do.



Defeating Crimes and Cybercrimes



Error Types in a Classification Model

Indian School of Business



What is the cost of False Positive (FP) vis-
à-vis False Negative (FN) on Covid test? 

Desirability of a test that has at different phases of the 
pandemic? 

Fewer FPs than FNs 

vs. 

Fewer FNs than FPs 



HR Analytics



HR Analytics

Resume Screening model

Predict who should be further 
interviewed?

• Use Gender as a predictor?

Employee Attrition model

Who is going to leave and why?

• Use Gender as a predictor?



4 Pillars of Analytics

Indian School of Business

Prescriptive 

Analytics



How prediction helps decision 
making?

• Now, can you predict the UNKNOWN using past data? 
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What will you do if you had a data on 
performance of loans ─ defaulted vs. 
paid in full?

What will you predict? In order to decide what?



What if Decision also drives the 
Unknown?

• Now it is an OPTIMIZATION problem. 
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https://www.cognilytica.com/wp-content/uploads/2019/01/Wide_AI-Agri.png

Prediction and Optimization together in Agriculture



• The previous problems were examples of predictive 
analytics

• In some cases, it is part of a larger optimization problem

• There is another kind of data mining problems… 



Supervised Learning

(Predictive Analytics)

• Prediction (numerical Y) 

• Classification (categorical Y)

Unsupervised Learning

(Descriptive Analytics)

• Segmentation/Clustering 

• Relationship Mining

• Recommender System



4 Pillars of Analytics

Indian School of Business

Descriptive 

Analytics



Clustering
(grouping similar tiffin boxes)

http://images.indiatvnews.com/mainnational/Mum
bai-Dabbawal38721.jpg



Cluster Analysis of 77 Community 
areas in Chicago based on crimes

• Violent crimes: Robbery, 
Battery, Assault, Homicide, 
Sexual Assault

• Property crimes: Theft, 
Burglary, Motor Vehicle 
Theft, Arson

• Quality-Of-Life crimes: 
Criminal damage, Narcotics, 
Prostitution
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Business & Social Values

Insurance

Law & Order

Real 

Estate

Tourists
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Example: Fitting the Troops 
(from Data Mining Techniques by Berry & Linoff) 

• The US army recently commissioned a study 
on how to redesign the uniforms of female 
soldiers. The army’s goal is to reduce the 
number of different uniform sizes that have 
to be kept in inventory while still providing 
each soldier with well-fitting khakis. 

• Researchers Ashdown and Paal @ Cornell 
University designed a new set of sizes 
based on the actual shapes of women in 
the army. Unlike traditional clothing size 
systems, the new sizes are not an ordered 
set of graduated sizes where all dimensions 
increase together. 

• Instead, they came up with sizes that fit 
particular body types (e.g., short-legged, 
small-waisted, large-busted women with 
long torsos, average arms, broad shoulders, 
and skinny necks). 



Finding Associations

Indian School of Business





Association of Crimes at District 
Level (Chicago crime data)

Narcotics

Assault

Robbery

Battery

Narcotics
Public 
peace 

violation



Suicide and associated cause  across 
different sates in India 

• Education gap between gender

• Climate stress on agriculture

• Mental health



Entity Resolution using transaction 
network

• Fraud detection by telecom companies

• Identify/track terrorist network

• Track defaulters
• Detect customer who disappeared after accumulating debt but 

reappeared by opening a new account.

• Transactional relationships of these entities with other entities 
remain stable.



Anomaly/Outlier Detection



Intrusion Detection 
Systems

Credit Card Fraud

Some Applications of Outlier or Anomaly Detection

Medical Diagnosis

Law Enforcement 

Event Detection – Sensors

Unusual Activity on Social 
Media



“Most anomalies don’t 

become meaningful 

trend, but some Do.”

https://www.theatlantic.com/technology/archive/2014/07/instagram-used-to-be-called-brbn/373815/

The Power of Anomaly

The Birth of 

Instagram 



The connection between 
Green dress of Jennifer Lopez & Google 

Image Search

• Searches for the green dress worn by Jennifer 

Lopez at the Grammy Awards in 2000 broke 

the record for the most popular query ever. 

• It persuaded Google to introduce image 

search in 2001, the very next year. 



4 Pillars of Analytics

Indian School of Business

Causal

Analytics



What is CAUSALITY 
(not same as Prediction)

• The act or process of causing something to happen or exist

• The relationship between an event or situation and a possible reason or 

cause (merriam-webster)

A B

Remember: Correlation does not imply causation!



Experiment to Establish Causality
Basic Concept

• Make sure there are no other differences between the 
groups



Clinical Trials



James Lind: The man who helped to cure 
scurvy with lemons



Impact study:
Do rural roads create pathways out of poverty?

• Roads lead to better integration between rural and 

urban markets.

• Prices of goods imported from urban areas decline in 

villages; availability improves.

• Farmers increase the use of modern technologies like 

fertilizer.

• Teenagers drop out of school to join labor force as urban 

markets become accessible.

Source: Aggarwal (2018) 



School feeding and learning achievement: 
Evidence from India's midday meal program

• Prolonged exposure to school nutrition improves math 

and reading test scores.

• The effects are more pronounced when complemented 

with learning infrastructure.

• All children, irrespective of gender or wealth, benefit 

equally from the program.

• The learning impact is comparable to those from more 

direct learning interventions.

Source: Chakraborty and Jayaraman (2019) 



Improving Maternal Health Using Incentives for 
Mothers and Health Care Workers: Evidence from India

• Role of incentives (cash transfer) for mothers and health 
care workers in the use of maternal and child health 
services

• Increase in overall delivery in healthcare facility

• Increase in use of pre- and postnatal care services and 
immunization

• Reduction on early-neonatal deaths but had no impact on late-
neonatal mortality

• larger incentives to health workers are associated with relatively 
higher utilization rates 

Source: Debnath (2021) 



Privacy, Ethics, Bias, and Fairness in 
Data Science



Can the criminal justice system’s artificial 
intelligence ever be truly fair?

• Correctional Offender 
Management Profiling for 
Alternative Sanctions (COMPAS) 
is a case 
management and decision 
support tool used by U.S. 
courts to assess the likelihood of 
a defendant committing a crime in 
the future.

• In 2016, ProPublica reported that
the tool was biased against Black 
defendants.

Source: https://www.propublica.org/article/machine-bias-risk-assessments-in-criminal-sentencing



HR Analytics

Resume Screening model

Predict who should be further interviewed?

• Use Gender as a predictor?

Employee Attrition model

Who is going to leave and why?

• Use Gender as a predictor?



letters that infuriated many of the cardholders who received them. 

“Other customers who have used their card at establishments where 

you recently shopped,” one of those letters said, “have a poor repayment 

history with American Express.” 



"We may share information with vendors, business partners and 
other organizations which are not part of the Target family," says 
the policy.





Claims That Google Violates
Gmail User Privacy

Source: http://www.nytimes.com/interactive/2013/10/02/technology/google-email-
case.html?_r=0

Complaint: Utilizing a scanning or extraction device, Google 

intercepts all electronic communications sent to Gmail account 

holders. Google uses the information and content obtained from the 

scanning of incoming electronic communications to sell and place 

advertisements in Gmail account holders’ browser windows that are 

related to the content of intercepted electronic communications.

Google’s defense: We are using that same technology that scans 

for viruses and also scans for spam. It is basically technology that 

looks for pattern text, and we use that not only for the spam 

blocking and viruses but also to serve ads within the Gmail user’s 

experience.



Responsible AI

Firm should be aware of…

• Who owns the data

• What is legal

• What is ethical

• Whether customers find its 
practices acceptable

Government should …

• Set legal boundaries to 
protect individual privacy.

• Use data to create values 
only when it causes no 
harm to other citizens.

• Make harmless data 
available for research 
community.



Thank You


