
What is Data Science? 







Explanation Depends on Your Political Views



Explanation Depends on Your Political Views

In Support: above average temperatures for a 
decade



Explanation Depends on Your Political Views

In Support: CA actually implements roughly 40% of 
prescribed controlled burns.

Planned

Barriers and enablers for prescribed burns for wildfire management in California. In Nature 2020. Rebecca K. Miller, Christopher B. Field & Katharine J. Mach 
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Explanation Depends on Your Political Views

In Support: CA actually implements roughly 40% 
of prescribed controlled burns because of their 
own policies.

Barriers and enablers for prescribed burns for wildfire management in California. In Nature 2020. Rebecca K. Miller, Christopher B. Field & Katharine J. Mach 
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Explanation Depends on Your Political Views

https://www.fire.ca.gov/media/11146/2018_redbook_final.pdf



If you look for data, you will find it



The Hard Truths About Data

Data is not objective universal truth

Data cannot prove anything to be true

Choices in what to collect, how to present, and how to model

Proof by example is a logical fallacy



What Can You Do With Data?

Determine the significance of relationship

Determine the nature of relationship

Are two variables related beyond random chance

How could one predict one variable from another 

Need prior assumptions about the world



Course Motto
Conclusion is when prejudice aligns with data

It is up-to a data scientist to develop a 
reasonable model of the world.

Data can only evaluate and quantify  
relationships defined by such a model.



Unit 1. Measurement 
Retrieval v.s. Estimation 



What is a “statistic”

A statistic is a numerical summarization of a 
collection of data.  

Exam Grades

Grade

Frequency

Median



What is a “statistic”

A statistic is a numerical summarization of a 
collection of data.  

Help us understand complex data (e.g., what is a typical 
grade) 

Help us compare related data (e.g., how do grades 
compare to last year) 



What is accuracy?

Exam Grades

Grade

Frequency

Median



What is accuracy?

Two separate questions 

Subjective: Is the computed statistic a 
meaningful characterization of the data? 

Objective: ?



Scenario 1

A library keeps yearly weather records from the 
year 1850 - present. 

We want to calculate the average year-to-year 
temperature fluctuation between 1850 and 1900. 



A “Retrieval” Problem

Library

1850 1851 1899… 1900 1901 … 2019 20201850 1851 1899 1900



A “Retrieval” Problem

All of the relevant data are contained in the 
library, you just have to “find it”. 



A “Closed-World” Model

Universe of Relevant Facts

… …

All relevant facts are in the universe and are 
assumed to be correct. 

Questions about data not in the universe (e.g., 
weather in 1849) are undefined. 



A “Closed-World” Model

All students grades from an exam (compute median grade) 

All transactions made at a bank (compute account balances) 

All users in a web application (compute total users) 

All English articles on wikipedia

All relevant facts are in the universe and are 
assumed to be correct. 



A “Closed-World” Model

Any statistic that can be derived from data ONLY 
contained in the repository is “accurate”. 

Any other statistic is considered “incomplete”

All relevant facts are in the universe and are 
assumed to be correct. 



Accuracy = Completeness

Library

1850 1851 1899… 1900 1901 … 2019 20201850 1851 1899 19001850 1851 1900

Less interested in numerical errors in a statistic, more 
interested in the probability of an incomplete result. 



Measures of Completeness

Precision:  Fraction of relevant items 
among the retrieved items.

Recall: Fraction of the total amount of 
relevant items that were actually 
retrieved.

How much extra stuff the librarian gave you

How many years did you not get



Measures of Completeness

Precision:  Fraction of relevant items among the retrieved items.

Recall: Fraction of the total amount of relevant items that were 
actually retrieved.

Measures the false positive rate

Measures the false negative rate

True #/ (True # + Fps)

True #/ (True # + Fns)



Summary

Universe of Relevant Facts

… …

All relevant facts are in the universe and are 
assumed to be correct. 

Characterize accuracy in terms of how complete 
the universe and retrieval process is. 



Scenario 2

A library keeps yearly weather records from the 
year 1850 - present, but some of them are missing 

We want to calculate the average year-to-year 
temperature fluctuation between 1850 and 1900. 

Idea! Estimate results from those neighboring 
years that are actually in the dataset. 



No Choice About Incomplete Data

“Hypothetical” Library

1850 1851 1899… 1900 1901 … 2019 2020

“Actual” Library

1850 1851 1899… 1900 1901 … 2019 2020



Samples and Populations

You have a subset of relevant facts called a sample. 

The sample is derived from a closed-world called a 
population.

Population

Sample



“Estimation” Problem

Known or assumed relationship between sample 
and population.

Population

Sample

Use statistics to estimate the result.



An Estimation Problem

“Hypothetical” Library “Actual” Library

What you should get What you “estimate”

Assume that the missing records were chosen at 
random. 



A “Sample-Population” Model

You have a subset of relevant facts called a sample. 

The sample is derived from a possibly infinite closed-
world called a population.

Opinion polling (cannot poll the entire country) 

Clinical trials (cannot try every patient) 

Algorithms (to expensive to test a property 
exhaustively)



Natural Experiments v.s. Designed Experiments 

A natural experiment: a process in nature decides 
which “samples” you observe. 

A designed experiment: you decided which individuals

Track avg car occupancy with a camera on the 
right lane of a highway 

Randomly assign individuals into a treatment or 
control group 



A “Sample-Population” Model

Accuracy is defined as the difference between 
the “estimated” sample statistic and the true 
population statistic.

You have a subset of relevant facts called a sample. 

The sample is derived from a possibly infinite closed-
world called a population.



Upcoming

Generally, don’t need to know the population to 
calculate (or at least bound) error. 

But need to know the relationship between the sample 
and the population.

Population

Sample



Sampling Processes

Uniform v.s. Non Uniform: Does every element of the 
population have an equal probability of appearing 
in the sample. 

Two axes: distribution and independence 

Independent v.s. Dependent: Does observing one 
sample inform you about the likelihood of another 
sample. 



Sampling Processes

Uniform v.s. Non Uniform: Does every element of the 
population have an equal probability of appearing 
in the sample. 

Classical Sampling with replacement 

Independent v.s. Dependent: Does observing one 
sample inform you about the likelihood of another 
sample. 



Sampling Processes

Uniform v.s. Non Uniform: Does every element of the 
population have an equal probability of appearing 
in the sample. 

Classical Sampling without replacement 

Independent v.s. Dependent: Does observing one 
sample inform you about the likelihood of another 
sample. 



Estimation

Uniform v.s. Non Uniform: Does every element of the 
population have an equal probability of appearing 
in the sample? 

 Requires an Accurate Sampling Process Model

Independent v.s. Dependent: Does observing one 
sample inform you about the likelihood of another 
sample?



Failure Mode 1

Selection Bias
People who respond to a poll are pre-disposed to 
answer in a certain way. 



Failure Mode 1

Selection Bias
People who respond to a poll are pre-disposed to 
answer in a certain way. 



Failure Mode 1

Selection Bias
People who respond to a poll are pre-disposed to 
answer in a certain way. 

Uniform v.s. Non Uniform 

Independent v.s. Dependent 



Failure Mode 2

Survivor Bias
Cars that show up to a dealership for a 50k service 
are likely the ones that worked well. 



Failure Mode 2

Survivor Bias
Cars that show up to a dealership for a 50k service 
are likely the ones that worked well. 

Uniform v.s. Non Uniform 

Independent v.s. Dependent 



Failure Mode 3

“Population” Effects
As more people are vaccinated a vaccine 
becomes generally more effective. 



Failure Mode 3

“Population” Effects
As more people are vaccinated a vaccine 
becomes generally more effective. 

Uniform v.s. Non Uniform 

Independent v.s. Dependent 



Summary

You have a subset of relevant facts called a sample. 

The sample is derived from a possibly infinite closed-
world called a population.

Population

Sample



Summary

We characterize populations in terms of 
completeness. 

We characterize samples in terms of numerical 
accuracy of estimates and their sampling process.

Population

Sample


