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OUTLINE

 Introduction 

 The Big Data Problem

 AI for data analytics (Data Mining)

Data Science applications in Healthcare
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INTRODUCTION 
Before 1600, empirical science

1600-1950s, theoretical science

1950s-1990s, computational science

1990-now, data science
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A radical rethink is required as data 
becomes the oil of the digital era. Our 
cover editorial this week: 
http://economist.com/news/leaders/21721656-worlds-
most-valuable-resource-no-longer-oil-data-data-
economy-demands-
new?fsrc=scn/tw/te/bl/ed/regulatingtheinternetgiantsthed
ataeconomydemandsanewapproachtoantitrust…
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DATA NEVER SLEEPS
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the data detected by the electronic equipment of the Large Hadron Collider (LHC) experiments at CERN. In one year, 
the amount of processed information is around 40k ExaBytes (EB), which is 40 thousands billion gigabytes. To get an 
idea, that could be ten times the amount of data ever stored on Amazon S3!
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 More than 65 billion messages are being exchanged daily via WhatsApp.

 WhatsApp users exchange more than 65 billion messages every day. The app connects more than 1 billion 

groups, and its users complete over 55 million video calls daily. (Source:Mybasis.com)

 Between 2010 and 2020, data interactions increased by 5000%.

 In the last eleven years, the volume of data generated, harvested, copied, and consumed worldwide grew by 

almost 5000%. The main result is a significant increase in data usage that went from 1.2 trillion gigabytes 

to 59 trillion gigabytes. (Source:Forbes.com)
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BIG DATA: DEFINITION
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BIG DATA: 3V’S
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VOLUME (SCALE) 
 Data Volume

 44x increase from 2009 2020

 From 0.8 zettabytes to 35zb

 Data volume is increasing exponentially 
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Exponential increase in 
collected/generated data

approximately 90% of it is replicated data, 
with only 10% being genuine, new data. 
(Source:Statista.com)



VARIETY (COMPLEXITY) 

 Relational Data (Tables/Transaction/Legacy Data)

 Text Data (Web)

 Semi-structured Data (XML) 

 Graph Data

 Social Network, Semantic Web (RDF), … 

 Streaming Data 

 You can only scan the data once

 A single application can be generating/collecting many types of data  

 Big Public Data (online, weather, finance, etc)  
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To extract knowledge all these types of 
data need to linked together

80–90% of the data that internet users generate daily is unstructured. (Source:Cio.com)



VELOCITY (SPEED)

 Data is begin generated fast and need to be processed fast

 Late decisions  missing opportunities

 Examples

 E-Promotions: Based on your current location, your purchase history, what you 

like  send promotions right now for store next to you

 Healthcare monitoring: sensors monitoring your activities and body   any 

abnormal measurements require immediate reaction
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the ability to manage, analyze, summarize, visualize, and discover knowledge 

from the collected data in a timely manner and in a scalable fashion
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SOME MAKE IT 4V’S
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BIG DATA LIFECYCLE

Generate Acquisition/ 
Capturing  Communication Storage

Management ProcessingAnalytics/ 
Mining Visualization 
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ARTIFICIAL INTELLIGENCE (AI)

 "AI is the new electricity. It will transform and improve all areas of human life." Andrew Ng

22



20از   23

ANALYTICS (DATA MINING STEPS)

1. Problem definition and Data understanding/exploration

Then, the available data is collected and explored. The quality of data is also checked
in this phase.
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3. Modeling
Running DM techniques on prepared dataset in DM tools to construct the model

4. Evaluation of the constructed model
5. Deployment

2. Pre-processing
- Data preparation

- Data Integration,
- Data Cleansing,
- Normalization,
- Feature Selection

- Selection of Data Mining technique(s) and proper software Tools
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DATA MINING (MACHINE LEARNING) TECHNIQUES

 Classification – In this items are classified into predefined groups and classes. This method depends upon predictions made using
predefined techniques.

 Decision Tree.

 Support Vector Machines (SVM)

 Logistic Regression.

 Naive Bayes.

 K-Nearest Neighbors

 Artificial Neural Network 
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Artificial Neural Network (ANN)
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DATA MINING (MACHINE LEARNING) TECHNIQUES

 Clustering – Clustering is the process of making a cluster of abstract objects having similar characteristics.

 Regression- a technique for investigating the relationship between independent variables or features

and a dependent variable or outcome.

 Anomaly/Outlier Detection 27
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DATA MINING (MACHINE LEARNING) TECHNIQUES

 Association Rule Discovery – In this technique, a pattern is identified based on the relationship
between items of similar proceedings. A customer behavior can be analyzed by an analyst using
association technique based on his buying patterns.

 Sequential Pattern Discovery – Sequential analysis is a technique that discovers and identifies similar
patterns, events, and trends in transactional data over a certain period of time.
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LEVELS OF ANALYTICS
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Prescriptive 

Predictive

Diagnostic

Descriptive 
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Benefit #1: Analyzing clinical data to improve medical research

• gathering and analyzing clinical data from various sources. Among the most useful sources of clinical 
information are EHRs, electronic medical records, personal health records, and public health records.

• Applying data analytics techniques 

Applications of Healthcare Big Data Analytics

•Early and Accurate detection of disease
• Diagnosis
• Prognosis 

• Prevention of unnecessary doctor’s visits
•Optimized treatment plan
•Discovery of new drugs

•Etc
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Benefit #2: Using patient data to improve health outcomes

• to treat patients safely and effectively while minimizing the trauma associated with their treatment (improving 
the Safety and Quality of Healthcare)

By analyzing patient data, healthcare providers can lower readmission rates, reduce errors, and better identify at-
risk populations. The types of patient data used in these analyses include blood sugar level, temperature, blood test 
results, and the patient’s own wishes for care. 

Applications of Healthcare Big Data Analytics

•Personalization of patient care (Personalized Medicine or Tailored /Précised Medicine)
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Benefit #3: Gaining operational insights from healthcare provider data

improving the Efficiency (resource utilization)

- Waste reduction: The annual cost of recoverable waste in the U.S. healthcare industry is estimated at $1 trillion
- Increasing hospital capacity. A less-expensive alternative to building new healthcare capacity is to apply analytics 

techniques to better manage demand for hospital beds and other healthcare resources.

Applications of Healthcare Big Data Analytics

Fraud Detection (e.g., Insurance companies)
- More accurate calculation of health insurance rates

•Digital Hospitals (IoT-Based Hospitals)
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Benefit #4: Improved staffing through health business management analytics

Labor costs account for about 60% of all hospital budgets,

- the increasing demand for healthcare staff is expected to drive salaries and wages even higher in the future.

Process Mining

Applications of Healthcare Big Data Analytics

Data analytics is being applied to manage labor costs in 
healthcare settings while simultaneously improving the 
quality of care patients receive and the efficiency of 
service provision.

For example, Hawaii Pacific Health (HPH), one of the 
largest healthcare systems in Hawaii, was able to save
$2.2 million over 16 months while maintaining high-quality 
outcomes by adopting a data-driven approach to labor 
management.
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COGNITIVE DISORDERS 

Cognitive disorders diagnosis 
(EEG, MRI, fMRI):
- Alzheimer 
- ADHD
- Seizure 
- Sleep Disorders
- Parkinson 
- Etc.



MENTAL HEALTH
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Digital health and mental health are 2 of the 4 flagships under the European Programme of Work 2020–2025,

AI and Big Data analytics are seen as novel tools in the planning of mental health services as well as identifying 
and monitoring mental health problems in individuals and populations

The mental health and well-being of the WHO European Region has been hit hard by several large-scale public 
health emergencies over the past few years, including the COVID-19 pandemic, the war in Ukraine and an increasing 
cost-of-living crisis

AI-driven tools can harness readily available, real-time data – such as that generated through social media and 
electronic health records – to effectively plan and allocate resources for mental health services, identify and 
prevent misinformation related to public health concerns, develop targeted communications to promote 
behaviour change and predict and intervene early in mental ill health.

https://www.who.int/europe/news-room/events/item/2022/12/07/default-calendar/big-data-analytics-and-artificial-intelligence-in-mental-health
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Dental assistant for diagnosis of carries  from Bitewing images

DENTISTRY
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BIG DATA IN HEALTHCARE MARKET

42



43


