
Course Introduction and Motivation



About Me

data intensive statistics mostly in molecular biology

website: www.jtleek.com
twitter: @jtleek, @simplystats
blog: simplystatistics.org
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Course information
Instructors:
● Jeff Leek

● Elizabeth Colantuoni

● Yates Coley

TAs:
● John Muschelli

Website: 
● http://www.jtleek.com/advdatasci

● https://github.com/jtleek/advdatasci
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More information

● Time: MW 1:30-2:20

● Location: W2009

● Lab Time: W 12:00

● Lab Location: TBA



Requirements

● Ph.D. student (2nd year) 
Biostatistics

● Masters student Biostatistics
● Sorry no exceptions



What is 711?

● Historically just a methods course
● Now a combination of methods/data analysis.
● Goals

○ Teach you to think about data
○ Teach you to organize an analysis
○ Help you understand current methods
○ Get you started creating your own methods
○ Teach you practical grad school skills



Course description

Provides an intensive introduction to applied statistics and 
data analysis. Trains students to become data scientists 
capable of both applied data analysis and critical evaluation 
of the next generation next generation of statistical 
methods. Since both data analysis and methods 
development require substantial hands-on experience, 
focuses on hands-on data analysis.



Learning objectives
Upon successfully completing this course, students will be 

able to:

1. Obtain, clean, transform, and process raw data into 

usable formats

2. Formulate quantitative models to address scientific 

questions

3. Organize and perform a complete data analysis, from 

exploration, to analysis, to synthesis, to communication

4. Apply a range of statistical methods for inference and 

prediction



What is the point of grad school?

● Freedom
● Discover new knowledge
● Time to dive deep
● Opportunity for leadership
● Opportunity to make a name for yourself

○ R packages
○ Papers
○ Blogs

● A good presentation http://pgbovine.net/phd.htm, he also 
has more good resources here http://pgbovine.net/phd.htm

● Get a job

http://pgbovine.net/phd.htm
http://pgbovine.net/phd.htm


What is not the point of grad school

● Grades
● Classes
● Exams
● Proving you are smart
● Competition with other students locally



Grading philosophy

I believe the purpose of graduate education is to train you to 
be able to think for yourself and initiate and complete your 
own projects. I am super excited to talk to you about ideas, 
work out solutions with you, and help you to figure out 
statistical methods and/or data analysis. I don’t think that 
graduate school grades are important for this purpose. This 
means that I don’t care very much about graduate student 
grades.

TL;DR I don’t care about grades and neither will anyone else



Grading policy

That being said, I have to give you a grade, so 

I will use grades to help communicate your 

progress.

1. A - Excellent

2. B - Passing

3. C - Needs improvement



Data analysis assignments

● You will do two
● All documents should be submitted electronically
● You must submit pdfs + rmds

Grading criteria

● Did you answer the scientific question? (30%)
● Did you use appropriate statistical methods? (40%)
● Was your write-up simple, clear, and precise? (20%)
● Was your code reproducible? (10%)



Data analysis reviews

After each data analysis is turned in, they will be randomly 
assigned to another student for review. Your review will be 
due one week after it is assigned. Your comments should 
have the format of a typical peer review. You can find a 
template and instructions for these reviews herehttps:
//github.com/jtleek/reviews. You should include a summary 
of the analyses and conclusions in the project you are 
reviewing, any major revisions, and any minor revisions. We 
will also evaluate each data analysis independently to assign 
a grade.

https://github.com/jtleek/reviews
https://github.com/jtleek/reviews
https://github.com/jtleek/reviews


About you

● Choose a row
● Start rating your comfort with these concepts 0-10:

○ 0 = whoa never heard of that
○ 5 = pretty comfortable, but would like a refresher
○ 10 = Jeff get off the stage I got this

https://docs.google.
com/spreadsheets/d/1El48mUK2FVPt_i6WlsvukFoYF1uCU00
MqqLeY7W46LE/edit?usp=sharing

http://bit.ly/1Js5SGx

https://docs.google.com/spreadsheets/d/1El48mUK2FVPt_i6WlsvukFoYF1uCU00MqqLeY7W46LE/edit?usp=sharing
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https://docs.google.com/spreadsheets/d/1El48mUK2FVPt_i6WlsvukFoYF1uCU00MqqLeY7W46LE/edit?usp=sharing
http://bit.ly/1Js5SGx
http://bit.ly/1Js5SGx


Tentative syllabus

● Version control
● Organize thyself
● EDA
● Regression and generalizations
● Smoothing
● Machine learning/prediction
● High dimensional data
● Simulations



Questions?



It is not the critic who counts
"It is not the critic who counts: not the man who points out how the strong man 
stumbles or where the doer of deeds could have done better. The credit 
belongs to the man who is actually in the arena, whose face is marred by dust 
and sweat and blood, who strives valiantly, who errs and comes up short again 
and again, because there is no effort without error or shortcoming, but who 
knows the great enthusiasms, the great devotions, who spends himself for a 
worthy cause; who, at the best, knows, in the end, the triumph of high 
achievement, and who, at the worst, if he fails, at least he fails while daring 
greatly, so that his place shall never be with those cold and timid souls who 
knew neither victory nor defeat."



Ask yourselves, what problem have you 
solved, ever, that was worth solving, where 
you knew knew all of the given information in 
advance? Where you didn’t have a surplus of 
information and have to filter it out, or you didn’
t have insufficient information and have to go 
find some?

Dan Myer, Mathematics Educator

http://www.ted.com/talks/dan_meyer_math_curriculum_makeover?language=en
http://www.ted.com/talks/dan_meyer_math_curriculum_makeover?language=en
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What is data science? 

Data science is the process of formulating a 
quantitative question that can be answered 
with data, collecting and cleaning the data, 
analyzing the data, and communicating the 
answer to the question to a relevant 
audience.



Data science is science



Data science is science

“The combination of some data and an 
aching desire for an answer does not ensure 
that a reasonable answer can be extracted 
from a given body of data”

-John Tuke



I defined data science

This is me



What data science is not



Questions and data drive data science
How do we make better beer?    
    Data: Measures of beer quality
    Statistic:The t-statistic

What characteristics of field lead to better crops?
   Data: Field characteristics, crop yields
   Statistic: Analysis of variance (ANOVA)

How long do people live?
    Data: Survival times of people (censored)
    Statistic: Kaplan-Meier Estimator

What movies will you like? 
    Data: Lots of other peoples movie ratings
    Statistic(s): Recommender systems 

http://en.wikipedia.org/wiki/T-statistic
http://en.wikipedia.org/wiki/T-statistic
http://en.wikipedia.org/wiki/Analysis_of_variance
http://en.wikipedia.org/wiki/Analysis_of_variance
http://en.wikipedia.org/wiki/Kaplan%E2%80%93Meier_estimator
http://en.wikipedia.org/wiki/Kaplan%E2%80%93Meier_estimator
http://en.wikipedia.org/wiki/Recommender_system


Sub-fields of data science
(in no particular order)

1. Biostatistics
2. Data science
3. Machine learning
4. Natural language processing
5. Signal processing
6. Business analytics
7. Econometrics
8. Text mining 
9. Statistics in the social sciences

10. Statistical process control

http://en.wikipedia.org/wiki/Biostatistics
http://en.wikipedia.org/wiki/Biostatistics
http://blog.revolutionanalytics.com/2011/09/data-science-a-literature-review.html
http://blog.revolutionanalytics.com/2011/09/data-science-a-literature-review.html
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Why you are lucky?

●You are at the best school of public health 
and medicine in the world

●You are in the oldest/best department of 
Biostatistics in the world

●Data online is free and abundant
●It is the "1999" of data 



Who is a data scientist?

A person who can find, analyze, and visualize data to both 
identify patterns and determine if they are real. 
    Daryl Morey Eric Lander Nate Silver Hilary Mason

http://en.wikipedia.org/wiki/Daryl_Morey
http://en.wikipedia.org/wiki/Daryl_Morey
http://en.wikipedia.org/wiki/Eric_Lander
http://en.wikipedia.org/wiki/Eric_Lander
http://en.wikipedia.org/wiki/Nate_Silver
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http://www.hilarymason.com/
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What is applied statistics?

-Drew Conway

Applied 
Statistics

http://www.drewconway.com/zia/?p=2378
http://www.drewconway.com/zia/?p=2378


What will this course cover?

1.Translating questions into data analyses
2.Obtaining, organizing, and cleaning data
3.Performing a complete data analysis:

1.Exploration
2.Algorithm/model definition
3.Analysis
4.Synthesis and communication. 

4.Statistical and computational tools



The key challenge in data analysis

Ask yourselves, what problem have you solved, ever, 
that was worth solving, where you knew knew all of the 
given information in advance? Where you didn’t have a 
surplus of information and have to filter it out, or you 
didn’t have insufficient information and have to go find 
some?

-Dan Meyer

http://www.ted.com/talks/dan_meyer_math_curriculum_makeover.html

