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BCC: Biostatistics Collaboration Center

Are you writing a 
grant?

YES

We provide: 
Study Design 
Analysis Plan

Power Sample Size

BCC faculty serve as Co-
Investigators; analysts 

serve as biostatisticians.

NO Short or long term 
collaboration?

Short

Recharge Model 
(hourly rate)

Long
Subscription Model

(salary support)

How We Do It

Every investigator is 
provided a FREE initial 
consultation of up to 

2 hours with BCC 
faculty of staff

The BCC recommends 
requesting grant 

support at least 6 -8 
weeks before 

submission deadline

Statistical support for 
Cancer-related projects or 
Lurie Children’s should be 

triaged through their 
available resources.



BCC: Biostatistics Collaboration Center

• Request an Appointment
- http://www.feinberg.northwestern.edu/sites/bcc/contact-us/request-

form.html

• General Inquiries
- bcc@northwestern.edu
- 312.503.2288

• Visit Our Website
- http://www.feinberg.northwestern.edu/sites/bcc/index.html

Contact Us

Biostatistics Collaboration Center |680 N. Lake Shore Drive, Suite 1400 |Chicago, IL 60611

http://www.feinberg.northwestern.edu/sites/bcc/contact-us/request-form.html
mailto:bcc@northwestern.edu
http://www.feinberg.northwestern.edu/sites/bcc/index.html


Adopting Tools that Support Reproducible Research

• What is Reproducible Research?
• Why conduct Reproducible Research?
• Tools for Reproducible Research
− Data Capture
− Data Preparation and Analysis
− Manuscript Preparation & StatTag

• Conclusions
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Reproducible vs Replicable
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Reproducible vs Replicable

Using the same (raw) 
data and information 
about the analysis 
methods and choices, we 
can recreate the results.
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Reproducible vs Replicable

Using the same (raw) 
data and information 
about the analysis 
methods and choices, we 
can recreate the results.

Scientific finding is 
verified or supported by 
independent experiment 
or study.  

Reproducible vs Replicable

“We define reproducibility as the ability to re-compute data analytic 
results given an observed dataset and knowledge of the data analysis 
pipeline. The replicability of a study is the chance that an independent 
experiment targeting the same scientific question will produce a 
consistent result.” 

-- Leek and Peng
Leek and Peng “Opinion: Reproducible Research can still be wrong: Adopting a prevention approach” PNAS, February 10, 2015, 
vol. 112, no. 6, 1645–1646



What is Reproducible Research?
Strengths and Limitations

Peng, R “Reproducible Research in Computational Science” (Science) 2 DECEMBER 2011 VOL 334

“Reproducibility has the potential to serve as a 
minimum standard for judging scientific claims when 
full independent replication of a study is not possible.”
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Peng, R “Reproducible Research in Computational Science” (Science) 2 DECEMBER 2011 VOL 334

Leek and Peng “Opinion: Reproducible Research can still be wrong: Adopting a prevention approach” PNAS, 
February 10, 2015, vol. 112, no. 6, 1645–1646
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Why conduct Reproducible Research?

“In our laboratory [Stanford Exploration Project in the 1980s] we noticed that 
after a few months or years, researchers were usually unable to reproduce 
their work without considerable agony.”

-- Jon Claerbout
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Origins lie in the inconvenience of irreproducible research



Why conduct Reproducible Research?
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My own story

Leah,
I’m horrified to find a transcription error for one of the values, it 
affects a single data point … This is in spite of multiple layers of 
redundant double-checking when I first compiled the data.  It’s 
amazing to me that it got through.…The corrected value for patient 
14 for the sham test is 3.15 (instead of 0.47). …I have attached the 
corrected excel file.
My apologies!
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My own story

Leah,
I’m horrified to find a transcription error for one of the values, it 
affects a single data point … This is in spite of multiple layers of 
redundant double-checking when I first compiled the data.  It’s 
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Problem: Reproducible Research

Have you ever had to:
• Copy results from statistical output to MS Word?
• Re-copy results when data or analyses change?
• Wondered some time after publication how you obtained an estimate?



Why conduct Reproducible Research?
Avoid the copy paste nightmare

All new results:
Ctrl-C Ctrl-V

How many times?



What is Reproducible Research?

Reproducible Research exists along a spectrum.

It is about taking a considered approach to your data collection and analysis 
pipeline.

There are tools that can help.  They are fast evolving.  Adoption of some or all 
is an improvement.

Tools and Mindset



What is Reproducible Research?

Reproducible Research exists along a spectrum.

It is about taking a considered approach to your data collection and analysis 
pipeline.

There are tools that can help.  They are fast evolving.  Adoption of some or all 
is an improvement.

However, 

Tools and Mindset

The most important tool is the mindset, when starting, that the end 
product will be reproducible.

-- Keith Baggerly



Tools for Conducting 
Reproducible Research

Data Capture
Data Preparation and Analysis
Manuscript Preparation
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What is Reproducible Research?
Tools

DATA PUBLISHED 
MANUSCRIPT

Data capture --> Data preparation -->  Data Analysis --> Interpretation

What are tools that make each of these steps more reproducible?



Tools for Reproducible Research: Data Capture

• Scenario
− Going through EMR, interviewing 

patients, or taking measurements 
and entering data in to an Excel 
spreadsheet

• No explicit version control, trace-back, 
record or date stamp.  
− I know of people who lost entire 

studies this way.
• One-off/misalignment errors.
− Wide spreadsheets

• Standardization
− E.g. Black vs black
− Inconsistent missing codes
− Rounding values

28

What about Excel?



Tools for Reproducible Research: Data Capture

• Research Electronic Data Capture
• Secure web application
• http://project-redcap.org
• Features:
− Rapid set-up
− Web-based data collection
− Data validation
− Export to statistical programs
− Supports HIPAA compliance

29

REDCap

http://project-redcap.org/


Tools for Reproducible Research: Data Capture

30

REDCap vs Excel



Tools for Reproducible Research: Data Capture
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REDCap vs Excel



Tools for Reproducible Research: An Analogy

32

Staplers

An all purpose office stapler:
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A stapler designed for surgical procedures:
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Staplers

An all purpose office stapler:

A stapler designed for surgical procedures:

Would you ever use an office stapler to patch up a human being?



Tools for Reproducible Research: An Analogy

You would never intentionally use an all purpose office stapler to patch up a 
human being.

Why would you ever use an all purpose office spreadsheet program to 
capture potentially sensitive research data?

The Failures of Excel for Data Capture 



Tools for Reproducible Research: Data Preparation

36

Avoid cleaning and prepping your data in Excel

What will happen if you find there was an error in the original (raw) 
data?  Will you know all the data manipulation steps to repeat (now 
or much later)? 



Tools for Reproducible Research: Data Analysis

1. Point-and-click
2. Command line
3. Batch file (or text file of statistical code)

It’s how we use the software



Tools for Reproducible Research: Data Analysis

1. Point-and-click
2. Command line
3. Batch file (or text file of statistical code)

No matter how we use the software, we should keep a record of any and all 
manipulations to the data.  Text files of written commands are preferable.

If we have to correct an error in the data, it can be documented in the code.  
All touches of the data should exist as a set of programming commands, or at 
the very least a copy of the execution of commands (e.g. “log” files in Stata).

It’s how we use the software



Tools for Reproducible Research: Data Analysis
Stata: point-and-click is not completely incompatible with reproducibility



Tools for Reproducible Research: Data Analysis

• R is open-source and free
• One of the main statistical programs
• Especially popular for ‘omics data
• Bundles together data and programs in 

packages for review and replication
• http://cran.us.r-project.org/
• RStudio
− User friendly for non-statisticians 

and statisticians alike

R and RStudio – not just for statisticians anymore



Tools for Reproducible Research: Data Analysis

• Used REDCap to collect data
• Cleaned and analyzed data in SAS/R/Stata
• It will do you no good if we can’t find or use our files
− Which script do I run first?
− Where did I store the data?

• Here’s a system I use with my students and some collaborators
• But there is opportunity for a lot of improvement here

Organizing data & code



Tools for Reproducible Research: Data Analysis

• Used REDCap to collect data
• Cleaned and analyzed data in SAS/R/Stata
• It will do you no good if we can’t find or use our files
− Which script do I run first?
− Where did I store the data?

• Here’s a system I use with my students and some collaborators
• But there is opportunity for a lot of improvement here

Organizing data & code
Need a system for version 
control!  Can vary in 
sophistication from date in 
file name (simple) to 
automatic versioning 
(github, bitbucket, cvs).



Tools for Reproducible Research: Data Analysis
jupyter for organizing data, code, communications and more

Note: this is for the fairly advanced user.  Works 
with R, have seen ways to make it work with 
Stata.



“The most simple problems are common.”  When using Excel, it is 
especially easy to make off-by-one errors (e.g. accidentally deleting 
a cell in one column), or mixing up group labels (e.g. swapping 
sensitive/resistant).

Tools for Reproducible Research: Data Analysis
A disastrous story in why not to use Excel



Tools for Reproducible Research: Manuscript Prep

• Data Capture 
• Data Preparation 
• Data Analysis 
• Writing the manuscript – how do we link the estimates and our 

interpretation back to the code, variables, and data?

45

Publication: Connecting it all together



Tools for Reproducible Research: Manuscript Prep

• Rather than results being hard coded in a manuscript, they can be updated 
automatically when data or models change.  For example, rather than re-entering 
updated odds ratios into a manuscript or table, everything is updated automatically, 
either when the document is opened or compiled.

Dynamic Documents 



Tools for Reproducible Research: Manuscript Prep
Dynamic Documents in SAS (ODS)
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Tools for Reproducible Research: Manuscript Prep
Existing tools for Dynamic Documents

Methods and results are documented and reproducible

MarkDoc
Ketchup
ODS
knitR
Markdown
Others …

evolving rapidly …



Tools for Reproducible Research: Manuscript Prep
The Problem with Dynamic Documents: Text  Files and Collaborators

Current tools require writing within a text editor.  For example, a Markdown 
document looks something like this:



Tools for Reproducible Research: Manuscript Prep
The Problem with Dynamic Documents: Text  Files and Collaborators

Current tools require writing within a text editor.  For example, a Markdown 
document looks something like this:

Are you or your non-technical collaborators willing to work this 
way?  I’m happy to work in text editors, but my collaborators 
(primarily clinicians and social scientists) are not. 



Tools for Reproducible Research: Manuscript Prep

I create a dynamic document, generate the Word file and send it to collaborators.  

A Problem for Dynamic Documents: Track Changes
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Tools for Reproducible Research: Manuscript Prep

I create a dynamic document, generate the Word file and send it to collaborators.  

They send back:

A Problem for Dynamic Documents: Track Changes

I have two (bad) choices:
1. Continue in Word, and loose the dynamic nature of the document.
2. Re-enter all of their changes in my source file.



Tools for Reproducible Research: Manuscript Prep

“The manuscript must be submitted as a Word document. 
PDF is not accepted.”

A Problem for Dynamic Documents: MS Word is Ubiquitous

“…acceptable manuscript file formats include Word and WordPerfect. Do not 
submit your manuscript in PDF format.”

“All text…should be in one double-spaced electronic document (preferably a 
Word Doc)”



Tools for Reproducible Research: Manuscript Prep
Limitations of Existing Tools for Dynamic Documents

Methods and results are documented and reproducible

MarkDoc
Ketchup
ODS
knitR
Markdown
Others …



Tools for Reproducible Research: Manuscript Prep

• Rather than results being hard coded in a manuscript, they can be updated 
automatically when data or models change.  For example, rather than re-entering 
updated odds ratios into a manuscript or table, everything is updated automatically, 
either when the document is opened or compiled.

Limitations of Existing Tools for Dynamic Documents



Tools for Reproducible Research: Manuscript Prep
StatTag for Dynamic Documents with Microsoft Word

Full disclosure:

StatTag was developed here at Northwestern by:
Luke V. Rasmussen, Lead Software Developer
Abigail S. Baldridge, Senior Statistical Analyst
Eric W. Whitley, Software Developer
Leah J. Welty, Biostatistician

Development of StatTag was supported, in part, by the National Institutes of Health's National 
Center for Advancing Translational Sciences, Grant Number UL1TR001422. 

https://ncats.nih.gov/


Tools for Reproducible Research: StatTag

• StatTag is a free plug-in for Microsoft Word
− Connects Stata or SAS code and Word document
− You and your collaborators can work from the same Word document 

without breaking links between the code and data
− Can work separately on code and the Word document

• User-friendly, easy learning curve
− StatTag menu consistent with Word layout
− EndNote:Citations as StatTag:Results

What makes StatTag different than other programs?



StatTag: An Introduction
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Getting to know StatTag

• Yes!  StatTag can connect to multiple “.do” or “.sas” files.

• Future versions will connect to R.  You can connect both Stata and SAS files 
to the same document.

Can I use StatTag with multiple code files?



Getting to know StatTag
How does StatTag work when I share the Word document with 
collaborators?

If I have…

I can…

Review/edit 
manuscript text

View code
associated with a 

tag

Insert or 
update a tag

Microsoft Word   
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Getting to know StatTag
How does StatTag work when I share the Word document with 
collaborators?

If I have…

I can…

Review/edit 
manuscript text

View code
associated with a 

tag

Insert or 
update a tag

Microsoft Word   
+ StatTag and Stata/SAS    

code
  

+ Stata/SAS and Data   



Getting to know StatTag

• No!  The first public releases are for Windows and Stata/SAS. 
• A Mac version of StatTag for Stata is coming soon. 

Is it only for Word and Stata/SAS/R  on Windows?

Stata SAS R

Windows   April 2017

Mac Early 2017 X June 2017



Getting to know StatTag

• Yes! Inserted tags are highlighted when they are clicked on.
• Future versions will include a “highlight all tags” function to quickly find any 

inserted tags in a document.

Can I see all the tags in a document?



Getting to know StatTag

• StatTag doesn’t store a copy of your data. 
• StatTag will eventually store a read-only copy of your code

What about data security (e.g. PII, PHI)?



Getting to know StatTag
How do I get StatTag?

stattag.org



Getting to know StatTag

• We ask that anyone who uses StatTag as a part of their manuscript 
preparation cite StatTag:  
− Welty, L.J., Rasmussen, L.V., & Baldridge, A.S. (2016). StatTag. Chicago, 

Illinois, United States: Galter Health Sciences Library. 
doi:10.18131/G3K76

• StatTag was developed with funding through a Clinical Translational 
Sciences Award (CTSA) to Northwestern University. Tracking the impact of 
the award is a key metric in demonstrating effectiveness.

• StatTag is distributed under the MIT License

How do I cite StatTag?



Summary

Good   

Well commented statistical 
programs, with log files or other 
record of execution

REDCap or scripted data capture, 
version control

Systems for linking final 
manuscript to data, programs, 
and code 

Packages, systems, and workflows 
that bundle data and programs
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line with no record of sequence of 
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Data stored in Excel, without record of 
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Published papers with no record of 
final analyses or data used in 
manuscript

Data and programs unavailable to 
investigator, reviewers, or colleagues 
for replication or review



Summary

Good   

Well commented statistical 
programs, with log files or other 
record of execution

REDCap or scripted data capture, 
version control

Systems for linking final 
manuscript to data, programs, 
and code 

Packages, systems, and workflows 
that bundle data and programs

Not so good

Analyses conducted on the command 
line with no record of sequence of 
code

Data stored in Excel, without record of 
updates or corrections

Published papers with no record of 
final analyses or data used in 
manuscript

Data and programs unavailable to 
investigator, reviewers, or colleagues 
for replication or review

There are excellent and accessible alternatives to Excel.  
There are many advantages to using them.



Acknowledgements

• StatTag Team
− Leah J. Welty, Biostatistician
− Luke V. Rasmussen, Lead Software Developer
− Abigail S. Baldridge, Senior Statistical Analyst
− Eric W. Whitley, Software Developer

• Development of StatTag was supported, in part, by the National Institutes of 
Health's National Center for Advancing Translational Sciences, Grant Number 
UL1TR001422. The content is solely the responsibility of the developers and 
does not necessarily represent the official views of the National Institutes of 
Health.

75

https://ncats.nih.gov/


Acknowledgements (continued)

• StatTag was inspired in part by the Stata Automation Report project:  Lo 
Magno, G.L. (2013). Sar: Automatic generation of statistical reports using Stata 
and Microsoft Word for Windows. The Stata Journal, 13(1); 39-64.

• StatTag makes use of the following open source projects:
Scintilla - http://www.scintilla.org/
ScintillaNET - https://github.com/jacobslusser/ScintillaNET
Json.NET - http://www.newtonsoft.com/json

Use of these projects does not imply endorsement of StatTag by the respective project 
owners, or endorsement of the use of these projects by Northwestern University.
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Questions?



Thank You!
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