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Data science, machine learning, and artificial 
intelligence

• Definitions
• Overview and methods of machine learning and 

artificial intelligence in biomedicine and health
• Results of machine learning and artificial intelligence 

in biomedicine and health
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Definitions
• Data science
– Data analytics

• Machine learning
– Deep learning

• Artificial intelligence
• Big Data
• Data mining
– Text mining

• Other terms
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Data science
• “The science of learning from data; it studies the 

methods involved in the analysis and processing of 
data and proposes technology to improve methods in 
an evidence-based manner” (Donoho, 2017)

• “Data science encompasses a set of principles, 
problem definitions, algorithms, and processes for 
extracting nonobvious and useful patterns from large 
data sets” (Kelleher, 2018)

• Applications in biomedicine (Hoyt, 2019; Topol, 2019)
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Data analytics
• “The extensive use of data, statistical and quantitative 

analysis, explanatory and predictive models, and fact-
based management to drive decisions and actions” 
(Davenport, 2017)

• “The systematic use of data and related business insights 
developed through applied analytical disciplines (e.g. 
statistical, contextual, quantitative, predictive, cognitive, 
other [including emerging] models) to drive fact-based 
decision making for planning, management, 
measurement and learning” (IBM, 2012)
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Levels of data analytics from Gartner (Schaap, 
2020)
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Machine learning (ML)
• Term originally attributed to Arthur Samuel in 1959: 

“Field of study that gives computers the ability to learn 
without being explicitly programmed” (McCarthy, 1990)

• The use of computers to optimize a performance 
criterion using example data or past experience 
(Alpaydin, 2020)

• Derived from
– Mathematics/statistics – learning relationships from data
– Computer science – emphasis on efficient algorithms, especially 

those involving large amounts of data
• Short overview by Shin (2020)
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Deep learning (DL)

• Machine learning associated with use of neural 
networks that have deep layers requiring substantial 
processing (Kelleher, 2019)

• Initial success with image analysis, including in 
medicine (Topol, 2019; Esteva, 2021)

• More recent success in natural language processing 
tasks (Deng, 2018; Kamath, 2019)
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Artificial intelligence (AI)
• Many definitions, most of which define as area of computer 

science focused on developing information systems and 
algorithms capable of performing tasks associated with human 
intelligence (Maddox, 2019)
– “Augmented intelligence” a better term (Crigger, 2019)?
– Health and medicine have always been target area (Rajpurkar, 2022)

• Initial focus starting in 1950s was focused on engineering 
knowledge representations and algorithms (Shortliffe, 1987), 
which have now given way to ML approaches (Shortliffe, 2019)
– Original methods have transformed to uses such as clinical decision 

support (Greenes, 2018)
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Big Data

• Various 4 Vs (e.g., Zikopolous, 2011); most recent 
from NIST (Grady, 2019)
– Volume
– Velocity
– Variety
– Variability
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Data mining

• Processing and modeling of data to discover 
previously unknown patterns or relationships 
(Bellazzi, 2008; Zaki, 2020)

• Text mining – applying data mining to unstructured 
textual data (Aggarwal, 2012; Cohen, 2013)

• Have faded from vernacular but methods still used
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Some other terms

• Data provenance – origin and trustworthiness of data 
(Doan, 2012) 

• Business intelligence – use of data to obtain timely, 
valuable insights into business and clinical data 
(Brijs, 2012)

• Precision medicine (IOM, 2011; Collins, 2015; Denny, 
2019); formerly personalized (Hamburg, 2010) or 
computational medicine (Winslow, 2012)
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Other terms (cont.)

• Metadata – data about data (Riley, 2017)
• Data visualization – applying visual methods to “tell 

the story” about the data (Wilke, 2019)
• Data wrangling – processing data into format suitable 

for analytics, learning, visualization, etc.
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How do all of these terms fit together?
• Data science is (probably) overarching term that 

encompasses all
• Data analytics is use case for data science
• Big Data describes the data used in most but not all data 

science
• ML is a method applied in data science
– DL is one type of ML

• AI describes what all of the above aim to accomplish in 
developing machines and algorithms to mimic human 
intelligence
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Where does informatics fit into data science 
and ML (Payne, 2018)?
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How does data science differ from statistics?

• Statistics draws population inferences 
from samples; ML finds generalizable 
predictive patterns (Bzdok, 2018)
– Diagrammed by Scarlat (2019)

• Data scientist is a “person who is better 
at statistics than any software engineer 
and better at software engineering 
than any statistician” (Donoho, 2017)
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Another perspective from statistics 
(Spiegelhalter, 2019)

• Turning experiences into data is not 
straightforward, and data is inevitably limited 
in its capacity to describe the world

• Statistical science has a long and successful 
history, but is now changing in the light of 
increased availability of data

• Skill in statistical methods plays an important 
part of being a data scientist

• Teaching statistics is changing from a focus on 
mathematical methods to one based on an 
entire problem-solving cycle

• Data literacy is a key skill for the modern world
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