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Bl Reproducible Research

Some confusion

PERSPECTIVE

SCIENTIFIC INTEGRITY

What does research reproducibility mean?

Steven N. Goodman,* Daniele Fanelli, John P. A. loannidis

The language and conceptual framework of “research reproducibility” are nonstandard
and unsettled across the sciences. In this Perspective, we review an array of explicit and
implicit definitions of reproducibility and related terminology, and discuss how to avoid
potential misunderstandings when these terms are used as a surrogate for “truth.”

Goodman, Fanelli, and loannidis. “What does research reproducibility mean? Science Translational Medicine 01 Jun 2016:
Vol. 8, Issue 341, pp. 341ps12

I\ Northwestern
Medicine’



B \What is reproducible research?

An Evolution in Biostatistics

Requirement “that data sets and computer code be made available to others
for verifying published results and conducting alternative analyses.”

- Peng,2009, Biostatistics

Dynamic documents that combine manuscript with code and data
e.g. Sweave (2002), R Markdown for literate programming

|

“We define reproducibility as the ability to re-compute data analytic results
given an observed dataset and knowledge of the data analysis pipeline.”
- Leek and Peng, 2015 PNAS
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B Tools for Reproducible Research: Manuscript Prep

Dynamic Documents

File Edit ©Options Buffers Tools | ESS Help
x S BB
=] B | ([«
gen iond2 = .
iet with change in systolic blood pressure
gen inp2 =
en insei = .
£ : 5 = t prehypertension {resting blood pressure b 120/ g and 133,
- ?‘nnn = s is associate; cardiovascular risk and end organ damage. Lifestyle and dietary patterns have been
gen inndZ = . identified as e tors that influence the incidence of prehypertension,
Method:
foeal rogeb I The study recruihed.nar!icinanls from Northwestern Preventive Medicine Cardiology clinicin Chicago, IL.
Participants were randomly assigned to either control (maintained their original daily diet) or intervention group
(followed the DASH diet plan that emphasizes on vegetables, fruit and low-fat fairy food, and moderate amounts
foreach wvar of global rvlist { of whole grains, fish, poultry and nuts). Of the 120 participants, 56 were assigned to control group and 64 were
G assigned to DASH diet group. Systolic blood pressureswere measured at both baseline and one menth follow-up
replace varnam = "‘var'" if n == ‘rowct' far both groups.
: Results:
qui wt_gorr “wvar' _tl Of the 56 participants in the control group, 51.79% of them were male and 41,07% were younger than or equal to
=ort nn 45 years-old. Of the 64 participants in the intervention group, 48.44% were male and 40.63% were 60 years-old or
older. The mean baseline systolic blood pressure were not significantly (p=0.222) different between participants in
the contrel (155.09[10.65]) and intervention (157.64 [11.96]) groups. The dash diet was not statistically
. i
prev(‘var! tl), subpl Sgls.ubp comm30_t1) significantly associated with change in blood pressure as either an independent predictor (p=0.91) or in an age and
replace compl = r(prop) if _ rowet! sex adjusted model (p=0.97).
replace cowsel = rise) if n ‘rowct!
replace comnl = r(nl) if n == ‘rowct' Table 1, Participants’ Characteristics by Intervention Type (N=120).
. « = __ r Characteristics Control Intervention pvalue
replace comdl = r(nn) if n == ‘rowct (N=56) (N=64)
- " sex- no. (%]
prev( var' tl], subp(fglsubp inoutS0_tl) Male | 29 (51.75%) 31 (48.44%) 0714
replace iopl = riprop) if n == ‘“rowct' x Female | 27 (48.21%) 33 (51.56%)
-%--— prer tic.do ik [ . [none] ) Age Group- no (%)
i 30-45 | 23 (41.07%) 17 (26.56%) 0.130
= 45.50 | 10 (33 g3l 21037 A1)

e Rather than results being hard coded in a manuscript, they can be updated
automatically when data or models change.
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Bl Tools for Reproducible Research: Manuscript Prep

Existing tools for Dynamic Documents

N
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Methods and results are documented and reproducible

Markdown
Ketchup

MarkDoc
Others...

evolving rapidly ...
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B Tools for Reproducible Research: Manuscript Prep

Dynamic Documents with R Markdown

4

L3

4
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E‘] R markdown example.Rmd

a1 AE Q| @ KnitWord -~ 8 -

title: "R Markdown Example”
author: "Leah welty”|
date: "april &, 2016"
output: word_document

77 {r setup, include=FALSE}
knitr::opts_chunkiset{echo = TRUE)

You can use R Markdown from within RStudio. you
language to indicate #italics® or **bold®*¥*. vyou

For example, if I want to see a summary of the *c
produces this:

7 ir cars}
summary(cars)
I can also embed results directly in the text. F

That's pretty nice, because if I change something
how I'm changing the data:

7 r newmean}

cars$speed[1]

cars$speed[1] =- 10

So now if I generate the mean speed, it is 'r mea

You can also include plots, and make tables using

R Markdown will take your plain text file and at
PDF, or M5 word. Pretty cool ... except ...

what happens when you send the word document to a
abandoning R Markdown, or some unlucky person has

N
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R Markdown Example

Leah Welty
Aprile, 2016

You can use R Markdown from within RStudio. You write in a simple text editor, using the
(fairly simple) Markdown language to indicate italics or bold. You can embed 'chunks’ of R
code and output in the decument.

For example, if [ want to see a summary of the cars dataset that comes standard with R, 1
can insert R code that produces this:

summary(cars)

## speed dist

#H Min. 4.8 Min. : 2.88
#H 1st Qu.:12.8 1st Qu.: 26.88
## Median :15.@  Median : 36.00
## Mean :15. 4 Mean : 42.98
## 3rd Qu.:19.0 3rd Qu.: 56.88
## Max. :25.8 Max. :128.88

[ can also embed results directly in the text. For example, the median speed is 15.4.

That's pretty nice, because if [ change something about the data, then that number can be
automatically updated. This is how I'm changing the data;|

carshspeed[1]

# [1] 4

carsfspeed[1] <- 18

5o now if [ generate the mean speed, it is 15.52.

You can also include plots, and make tables using R Markdown.

R Markdown will take your plain textfile and at the touch of a button, insert all the R
output then turn it in to HTML, PDF, or MS Word. Pretty cool ... except ...

What happens when you send the Word document to a collaborator, and they mark it up in
track changes? [Hint: You end up abandoning R Markdown, or some unlucky person has to
go back and insert all those changes in Markdown]




B 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:

author: "Leah welty"
date: "uly 27, 2006"
output: word_document

- " {r setup, include=FALSE}
knitr::opts_chunkisetlecho = TRUED

[ B s R R ey R, R S ]

—

¥ou can use R Markdown from within RStudio. You write in a simple text editor, using the (fairly simple) Markdown language to indicate *italics¥
output in the document.

For example, if I want to see a summary of the ¥cars¥ dataset that comes standard with R, I can insert R code that produces this:
= "{r cars}

summaryicars’)

I can also embed results directly in the text. For example, the median speed is 'r mean(cars$speed) .

That's pretty nice, because if I change something about the data, then that number can be automatically updated.

Another recent thing is that T can actually call and run Stata code from this interface. Neat, but T still hawve a problem ...

T T T T e e e e e
S . e »s BN e R, B SRR )
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B 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:

author: "Leah welty"
date: "uly 27, 2006"
output: word_document

- " {r setup, include=FALSE}
knitr::opts_chunkisetlecho = TRUED

,_
D @ T g
» »

L1  vYou can use R Markdown from within RStudio. You write in a simple text editor, using the (fairly simple) Markdown language to indicate ¥italicsY
output in the document.
L2

L3 For example, if I want to see a summary of the ¥cars¥ dataset that comes standard with R, I can insert R code that produces this:
L4

L5« " {r cars}

L6 summary(cars)

7.

L&

L9 I can also embed results directly in the text. For example, the median speed is 'r mean(cars$spesd) .

10

'l That's pretty nice, because if I change something about the data, then that number can be automatically updated.

12

1 Another recent thing is that I can actually call and run Stata code from this interface. Neat, but I still hawve a problem ...
14

E)

Do you have non-technical collaborators who are willing to

work this way? My collaborators (primarily doctors and
social scientists) are not.
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Bl Tools for Reproducible Research: Manuscript Prep

A Problem for Dynamic Documents: Track Changes

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

They send back:
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B Tools for Reproducible Research: Manuscript Prep

A Problem for Dynamic Documents: Track Changes

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

Importance: Substance abuse—among the most costly health problems in the United States—is

They send back:

prevalent among incarcerated juveniles. Most stays are brief, youth then become the

examine the prevalence of substance use disorders (SUDs) in delinquent vouth during adulthood

and sex- and racial/cthnic differences in the types of drugs abused However no-large-sealestudy .

Objective: To examine sex and racial/ethnic differencesehanses in the prevalence of 9 SUDs
(alcohol, marijuana, cocaine, hallucinogen/PCP, opiate, amphetamine, inhalant, sedative, and

unspecified drug) during the 12 years after detention (up to ﬁnedlan]a,quS)
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B Tools for Reproducible Research: Manuscript Prep

A Problem for Dynamic Documents: Track Changes

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

Importance: Substance abuse—among the most costly health problems in the United States—is

They send back:

prevalent among incarcerated juveniles. Most stays are brief, youth then become the

examine the prevalence of substance use disorders (SUDs) in delinquent vouth during adulthood

and sex- and racial/cthnic differences in the types of drugs abused However no-large-sealestudy .

Objective: To examine sex and racial/ethnic differencesehanses in the prevalence of 9 SUDs

(alcohol, marijuana, cocaine, hallucinogen/PCP, opiate, amphetamine, inhalant, sedative, and

unspecified drug) during the 12 years after detention (up to h‘ledlan]a,tzeQS)

| 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.
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Bl Tools for Reproducible Research: Manuscript Prep

Limitations of Existing Tools for Dynamic Documents
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Methods and results are documented and reproducible

MarkDoc
Ketchup

ODS

knitR ‘
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B Tools for Reproducible Research: Manuscript Prep

A Problem for Dynamic Documents: MS Word is Ubiquitous

@ e NEW ENGLAND
%7 JOURNAL MEDICINE

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

JAMA The Joumal of the
American Medical Association

“For submission and review, please submit the manuscript as a Word
document. Do not submit your manuscript in PDF format.”

“Science prefers to receive files in Word’s .docx format.”
AVAAAS
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Bl Reproducible research using Microsoft Word?
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B Overview

® StatTag
What makes StatTag different than other programs?

 StatTag is a free plug-in for Microsoft Word (Windows) and app (Mac)
— Connects Stata, SAS (Windows only) or R 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

StatTag

* User-friendly, easy learning curve, still evolving
— StatTag menu consistent with Word layout
— EndNote:Citations as StatTag:Results
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[See stattag.org for videos]
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Bl Software Agnostic

StatTag works with multiple code files of different types

e StatTag can connect to multiple .do, .sas and .r files.

Il
(7

ﬁ |
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StatTag

|IIII|”|

I|I||“|
% %
wn

* This is a departure from other tools that work with one specific program
(e.g., R Markdown, SAS ODS)
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Bl Document Sharing

How does StatTag work when sharing a Word document with
collaborators?

If | have... i
Review/edit VI?W codse Insert or
. associated with a
manuscript text update a tag
tag

Microsoft Word v X X
+ StatTag and v v X

Stata/SAS/R code

+ Stata/SAS/R code v v v

and Data
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Bl \Vindows and Mac Versions ® StatTag
Not just for R/SAS/Stata on Windows

* The first releases were for Windows and Stata/SAS/R.

* A Mac version of StatTag for Stata and R is available in beta.

Windows v’ (July 2016)

v (Sept 2016) | v (May 2017)

v (July 2017) v’ (July 2017)
Beta Beta
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B Tag highlighting

StatTag identifies tags in a document

* 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.

COMCLUSIONS:
Intervention X was not statistically significantly associated with a reduction in &
placebo control. Longer term follow up may be needed to assess if interventior
time.

Table 1. Participant Characteristics (N=120).

Characteristic, N (%) Control Intervention P-value*
(N=56) (N=64)

Male 25.00 0.24 31.00 0.26 071

Female 27.00 022 33.00 0.23 :

30-45 Years 23.00 0.1% 17.00 0.14 0.13

A5-59 Years 15.00 0.16 21.00 0.17

60+ Years 14.00 012 26.00 022 :

SBP Before®* 155.08 10.85 157.64 11.96 022

SBP After** 149.80 13.78  152.72 14.48 0.26

SBP Change™®* -5.2%5 15.51 -4.92 17.52 0.91

* Chi-squared or t-test
** Presented as mean (sd)
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B Data Security

® StatTag
Concerns over PHI, Pl

 StatTag doesn’t store a copy of the data.

* StatTag will eventually store a read-only copy of code files
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B Architecture

Microsoft Word

Cmm
EEE
il

wob—s swm &

Automation API

Automation API

y Microsoft* 1
COisialct y -
c—-”—x [ Insert table J [ Create field J %
- i R
Objective-C Word Automation £
2

Read the code file & parse out the tags
Send commands to the stat program and get individual results

Use Word automation to add results to the document (using native
Word formatting for tables and fields).
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Bl Getting StatTag

Freely available at stattag.org

stattag.org

Northwestern
University

download stattag user guide and tutorial cite stattag announcements faq contact

StatTag is a free software plug-in for conducting reproducible research. It facilitates the creation of
dynamic documents using Microsoft Word documents and statistical software, such as Stata. Users can
use StatTag to embed statistical output (estimates, tables and figures) into a Word document and then with
one click individually or collectively update output with a call to the statistical program. What makes
StatTag different from other tools for creating dynamic documents is that it allows for statistical code to be
edited directly from Microsoft Word. Using StatTag means that modifications to a dataset or analysis no

longer require transcribing or re-copying results into a manuscript or table.
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Bl (Really) Getting StatTag
GitHub repo at github.com/StatTag

O Features Business Explore Marketplace Pricing This organization Sign in or Sign up

StatTag

Chicago, IL http://stattag.org

Repositories People 0

Type: All = Language: All =

. Top languages
Simple-Code-Examples plangtad

Fasy code examples for StatTag @C# @SAS @C++
@5AS  Updated on May 18
People 0>

StatTag This organization has no public members.

You must be a member to see who's a part

Windows version of StatTag of this organization

r reproducible-research stata 5as
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Bl Planned Enhancements and Future Work

* Compatibility with native code editors

* Improved table construction and formatting
* Tag highlighting and inventory
* Possible extensions to Matlab, SQL, other programs

* Feedback — suggestions, complaints, comments — are very welcome!
stattag@northwestern.edu
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B Citation and Acknowledgements

* We ask that anyone who uses StatTag to please cite:

— Welty, L.J., Rasmussen, LV., Baldridge, A.S, and Whitley E. (2016).
StatTag. Chicago, lllinois, United States: Galter Health Sciences Library.
doi:10.18131/G3K76

* StatTag is distributed under the MIT License

 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.

Medicine’ Clinical and Translational Sciences Institute

CTS Clinical & Translational I\Vl Northwestern | NUCATS N

Science Awards
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Bl 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 -
ScintillaNET -
Json.NET -

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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http://www.scintilla.org/
https://github.com/jacobslusser/ScintillaNET
http://www.newtonsoft.com/json
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