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Announcements: 
• foo



Presentation of 
Project Plans

Use form for feedback



What is
Data Science?



What is science?

◼
◼



So what is data science?

◼

How to turn observational, biased, scientifically 
“weak” data into strong scientific results?

https://xkcd.com/1838/

What data science is not

https://xkcd.com/1838/


Fundamental Data Science Challenges 

1.

2.

3.

4.

5.

Construct Validity
Are you measuring what you think you 

are measuring?

External Validity
Incomplete picture 
of external world

Domain Knowledge & 
Theory

Internal Validity
Confounding & Causal Inference

Robustness of findings

Model 
Intelligibility

Associated Challenges

Need new KDD methods to address
fundamental data science challenges

[e.g. Roger Bacon, 1265]



Goal: Valid inferences from data

Prediction is not enough!

http://www.tylervigen.com/spurious-correlations


Causality

◼
▪

◼
◼

Interventionist definition (https://plato.stanford.edu/entries/causation-mani/) 

We will learn about causality later in the course!

https://plato.stanford.edu/entries/causation-mani/


Importance for Decision Making

◼

◼

Treatment A Treatment B

Small stones 93% (81/87) 87% (234/270)

Large stones 73% (192/263) 69% (55/80)

Both 78% (273/350) 83% (289/350)

Charig et al., BMJ  1986



Why Observational (Data) Science is still critical

◼

▪
◼
▪

◼

▪
◼ …



What if I have a 
ton of data?



Big data to the rescue?

◼ …
◼
◼ …

◼
◼
◼



The Reasonable Uneffectiveness of Big Data

◼
▪
▪

◼
▪

▪

We will learn about causality later in the course!



Big Data does not address…

1.
▪

2.
▪

3.
▪



Challenge 1: Construct Validity

◼

▪

◼
▪

▪

Big Data typically means little control 
over how anything was measured



Challenge 2: Internal Validity

◼
◼

▪
▪
▪



Internal Validity (cont.)
◼

▪

◼
▪

◼
▪

Big Data typically means observational data, 
convenience samples, and no pre-registration



Challenge 3: External Validity

◼

◼
▪
▪
▪
▪

…

Big Data typically means more data, 
but more of the same!



Summary: Data Science Objectives

1.

2.

3.

4.
▪



Your turn…

◼
◼ …
▪
▪
▪

◼
▪

◼

▪ ☺



What is the 
Data Science Process?



Data Science as a Process

• Separate iterative process into a sequence of 
activities with different points of failure

• What does it take to get data science right?

•Framework for your group projects 
and evaluating data science projects



Process Steps Explained

◼

◼
…



Process Steps Explained (2)

◼

◼



Process Steps Explained (3)

◼

◼



Process Steps Explained (4)

◼

◼



Process Steps Explained (5)

◼

◼



Process Steps Explained (6)

◼



What does this mean for you?

◼
◼

◼



Teaser for next week:
Example Study 

Brief Overview of 
Study Context & 

Main Results



▪
▪

▪
▪

How Physically Active Are We?



Wearable and Mobile Devices

Wearable and mobile devices generate massive 
digital traces of real-world behavior and health 



Activity Tracking

How to model this everyday behavior?

◼
◼
◼
◼
◼
◼
◼
◼
◼
◼



Dataset Statistics

◼
◼
◼
◼

▪

◼
▪

Today: 6M users, 160M days of 
activity, 800M actions tracked



Data in Context

◼

▪
▪

Size of NHANES 
relative to 

full slide (Azumio)
Population data available at: 
http://activityinequality.stanford.edu/ 

http://activityinequality.stanford.edu/


But, how is activity distributed 
within the population?

Worldwide
Activity



Result 1: Inequality of Physical Activity

Difference in means Difference in variance

For the first 
time, sufficient 
data to estimate 
tails of 
distribution

◼
◼
▪



Result 2: Activity Inequality Predicts Obesity



Result 3: Walkability Reduces Inequality 



Open Q&A





When is prediction / big data not enough?



Prediction is everywhere!

◼
◼
◼ …

◼



1) Do prediction models guide 
decision-making?



From data to 
prediction

Use the social feed to predict a user's future activity.

• Future Activity -> f( items in social feed) + 

Highly predictive model. 

Does it mean that feeds are influencing us significantly?



From prediction to 
decision-making

Items liked 
by a user

Homophily

Items in 
Social Feed

Items liked 
by a user

Items in 
Social Feed

Predictability due to 
feed influence   

Predictability due to 
homophily

Friends’ activity can predict a person’s 

activity with high accuracy.

But that tells us nothing about the effect 

of the social feed.



A Motivating Example

◼

◼

◼

Treatment A Treatment B

Small stones 93% (81/87) 87% (234/270)

Large stones 73% (192/263) 69% (55/80)

Both 78% (273/350) 83% (289/350)

Charig et al., BMJ 1986



Why Observational (Data) Science is still 
critical

◼

▪
◼
▪

◼

▪
◼ …



Big Data does not address…

1.
▪

2.
▪

3.
▪



Challenge 1: Construct Validity

◼

▪

◼
▪

▪

Big Data typically means little control 
over how anything was measured



Challenge 2: Internal Validity

◼
◼

▪
▪
▪



Internal Validity (cont.)

◼

▪

◼
▪

◼
▪

Big Data typically means observational data, 
convenience sample, and no pre-registration



Challenge 3: External Validity

◼

◼
▪
▪
▪
▪

…

Big Data typically means more data, 
but more of the same!





2) Will the predictions be robust 
tomorrow, or in new contexts? 



http://www.tylervigen.com/spurious-correlations

http://spurious-correlations/




3) What if the prediction accuracy is 
really high?



Interventions change the environment

◼

◼
◼

▪

◼



Your turn… [10min in group, 10 min report]

◼
◼ …
▪
▪
▪
▪

◼
◼
◼



Presentations of project plans

◼

▪
◼
◼
◼
◼

◼



Your turn ☺ [10 min in group, 5 min report]
students basically should have answered these in 
their proposal presentations last week
◼

▪
▪
▪
▪

◼
▪

▪

▪
▪

◼
▪
▪
▪


