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Bl BCC: Biostatistics Collaboration Center

How We Do [t

The BCC recommends
requesting grant
support at least 6 -8
weeks before
submission deadline

Are you writing a
grant?

MM Northwestern Medicine’
Feinberg School of Medicine

We provide:
Study Design
Analysis Plan

Power Sample Size

Short or long term
collaboration?

Every investigator is
provided a FREE initial
consultation of up to
2 hours with BCC
faculty of staff

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

triaged through their

available resources.

BCC faculty serve as Co-
Investigators; analysts
serve as biostatisticians.

Recharge Model

Short

(hourly rate)

Long

Subscription Model

(salary support)




Bl BCC: Biostatistics Collaboration Center
Contact Us

* 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

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

MM Northwestern Medicine’
Feinberg School of Medicine
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Bl Adopting Tools that Support Reproducible Research

Outline

* What is Reproducible Research?
* Why conduct Reproducible Research?
* Tools for Reproducible Research

— Data Capture

— Data Preparation and Analysis

— Manuscript Preparation & StatTag
e Conclusions
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Reproducible vs Replicable

Reproducible vs Replicable
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Reproducible vs Replicable

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

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.
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Bl \What is Reproducible Research?

Reproducible vs Replicable

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.

“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
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Bl \What is Reproducible Research?

Strengths and Limitations

Data Replication & Reproducibility

PERSPECTIVE

Reproducible Research in
Computational Science

Roger D. Peng

Computational scence has led to exciting new developments, but the nature of the work has
exposed limitations in our ability to evaluate published findings. Reproducibility has the potential
to serve as a minimum standard for judging scientific claims when full independent replication of a

study s not possible.

he rise of compuiational science has led o

exciting and fast-moving developments in

many scientific areas. New technmologies,
increased computing power, and methodological
advances have dramatically improved our ability
to collect complex high-dimensional data (7, 2).
Large data sets have led to scientisis doing more
computation, as well as researchers in computa-
tionally orented fields directly engaging in more
science. The availability of large public databases
has allowed for researchers to make meaningful
scientific contributions without using the tradi-

require long follow-up times. Such sidies are
difficult w replicate because of time and expense,
especially in the time frame of policy decisions
that need 1o be made regarding regulation (2).

Researchers across a range of computational
science disciplines have been calling for repro-
ducibility, or reproducible research, as an atiain-
able minirmum standard for assessing the value of
scientific claims, particularly when fill independent
replication of a study is not feasible (4—5). The
standard of reproducibility calls for the data and
the computer code used to analyze the data be made

computer. Making these computer codes avail-
able o others provides a level of detail regarding
the analysis that is greater than the analagous non-
computational experimental descriptions printed
in journals using a natural language.

A eritical barrer to reproducibility in many
cases is that the computer code is no longer avail-
able. Interactive software systems often used for
exploratory data analysis typically do not keep
irack of users” actions in any concrete form. Even
if researchers use software that is run by written
code, often multiple packages are used, and the
code that combines the different resulis together
is not saved (/0). Addressing this problem will
require either changing the behavior of the sofi-
ware systems themselves or getting researchers
o use other software systems that are more ame-
nable o reproducibility. Neither is likely o hap-
pen quickly; old habits die hard, and many will
be unwilling to discard the hours spent leaming
existing sysiems. Non—open source software can
only be changed by their owners, who may not
perceive reproducibility as a high priority.

In order to advance reproducibility in com-
putational science, contributions will need to
come from multiple directions. Joumals can play

pril 6, 2016

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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Strengths and Limitations

Data Replication & Reproducibility

computer. Making these computer codes avail-
able o others provides a level of detail regarding
the analysis that is greater than the analagous non-
computational experimental descriptions printed

PERSPECTIVE

Reproducible Research in
Computational Science

Roger D. Peng

Computational science has led to e
exposed limitations in our ability to
to serve as a minimum standard for
study s not possible.

he rise of compuiational scien

exciting and fast-moving deve|

many scientific areas. New 1
increased computing power, and
advances have dramatically improv
to collect complex high-dimensional
Large data sets have led to scientisis
computation, as well as researchers i
tionally orented fields directly enga
science. The availability of large publ
has allowed for researchers to make
scientific contributions without usi

in journals using a natural language.

A eritical barrer to reproducibility in many
cases is that the computer code is no longer avail-

N

Peng, R “Rep
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Opinion: Reproducible research can still be
wrong: Adopting a prevention approach

Jeffrey T. Leek™" and Roger D. Peng®

Associate Professor of Biostatistics and Oncology and Associate Professor of Biostatistics,

Johns Hopkins University, Baltimore, MD

Reproducibility—the ability to recompute
results—and replicability—the chances other
experimenters will achieve a consistent
result—are two foundational characteristics
of successful scientific research. Consistent
findings from independent investigators
are the primary means by which scientific
evidence accumulates for or against a hy-
pothesis. Yet, of late, there has been a crisis
of confidence among researchers worried
about the rate at which studies are either
reproducible or replicable. To maintain the
integrity of science research and the public's
trust in science, the scientific community
must ensure reproducibility and replicability
by engaging in a more preventative ap-
proach that greatly expands data analysis
education and routinely uses software tools.

LTI SN N B TSN, BN, W T

been some very public failings of reproduc-
ibility across a range of disciplines from can-
cer genomics (3) to economics (4), and the
data for many publications have not been
made publicly available, raising doubts
about the quality of data analyses. Popular
press articles have raised questions about the
reproducibility of all scientific research (5),
and the US Congress has convened hearings
focused on the transparency of scientific re-
search (6). The result is that much of the
scientific enterprise has been called into
question, putting funding and hard won sci-
entific truths at risk.

From a computational perspective, there
are three major components to a reproducible
and replicable study: (i) the raw data from
the experiment are available, (if) the statisti

I T D I T ISR R T

computational tools such as knitr, iPython
notebook, LONI, and Galaxy (8) have
simplified the process of distributing repro-
ducible data analyses.

Unfortunately, the mere reproducibility of
computational results is insufficient to ad-
dress the replication crisis because even a re-
producible analysis can suffer from many
problems—confounding from omitted varia-
bles, poor study design, missing data—that
threaten the validity and useful interpretation
of the results. Although improving the repro-
ducibility of research may increase the rate
at which flawed analyses are uncovered, as
recent -profile examples have demon-
strated (4), it does not change the fact that
problematic research is conducted in the
first place.

The key question we want to answer when
seeing the results of any scientific study is
“Can I trust this data analysis?” If we think of
problematic data analysis as a disease, repro-
ducibility speeds diagnosis and treatment in

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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Origins lie in the inconvenience of irreproducible 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

I\ Northwestern
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Why conduct Reproducible Research?
My own story

Data point error - in post-sertraline sham for pt 14

Sent: Sun 2/1/2015 4:57 PM
To Leah JWelty; Amy Yang

] Message ALLsubj‘ufﬁL\-fARS.xlsx (22 KE)

Leah,

I'm horrified to find a transcription error for one of the % total variance values, and it affects a single data point.
It affects some analyses, but ng S ; ;

So, that's lucky. Lea h )

| was preparing data for copyin
| reviewed screenshots of the R
So far, | have found one error.

I’'m horrified to find a transcription error for one of the values, it
affects a single data point ...

For patient 14 the post-sertrali
The % total variance was origing

The correct % total variance fo
The corrected z*ptv value for p

I have attached a corrected exg

My apologies!

Northwestern
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Why conduct Reproducible Research?
My own story

Data point error - in post-sertraline sham for pt 14

Sent: Sun 2/1/2015 4:57 PM
To Leah JWelty; Amy Yang

] Message ALLsubj‘ufﬁL\-fARS.xlsx (22 KE)

Leah,

I'm horrified to find a transcription error for one of the % total variance values, and it affects a single data point.
It affects some analyses, but ng S ; ;
So, that's lucky.

| was preparing data for copyin
| reviewed screenshots of the R
So far, | have found one error.

ettt the costcertrl This is in spite of multiple layers of
or patien & post-sertrall . : '

R Y  redundant double-checking when | first compiled the data. It's
The correct % total variance fo amaZ|ng to me that |t got throughm_

The corrected z*ptv value for p
I have attached a corrected exg

My apologies!
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Why conduct Reproducible Research?
My own story

Data point error - in post-sertraline sham for pt 14

Sent: Sun 2/1/2015 4:57 PM
To Leah JWelty; Amy Yang

] Message ALLsubj‘ufﬁL\-fARS.xlsx (22 KE)

Leah,

I'm horrified to find a transcription error for one of the % total variance values, and it affects a single data point.
It affects some analyses, but ng S ; ;
So, that's lucky.

| was preparing data for copyin
| reviewed screenshots of the R
So far, | have found one error.

For patient 14 the post-sertrali
The % total variance was origing

The correct % total variance fo

The corrected 2+ gty value for The corrected value for patient
yavampwsmem 1/ for the sham test is 3.15 (instead of 0.47). ...l have attached the
My apologies! Corrected EXCE| flle.

My apologies!

Northwestern
Medicine’ 19



Bl Problem: Reproducible Research

File Edit History Help

« :/ c [g] @ view "5:\WUCATS\WUCATS_Shared\BERDSharedAnalysj ata and Programs\Stata\Examples\Version

*Run the regression models

regress bp diff sex

iet with change in systolic blood pressure

t prehypertension (resting blood pressure b 120/, g and 139,
is associate; cardiovascular risk and end organ damage. Lifestyle and dietary patterns have been
identified as e tors that influence the incidence of prehypertension,

Method:

Source | 55 df M5 Number of obs = 120 The study recruited BBl participants from Northwestern Preventive Medicine Cardiclogy clinicin Chicago, IL.
+ _ F(1, 118) = 0.77 Participants were randomly assigned to either control (maintained their original daily diet) or intervention group
Model | 216.008333 1 216.008333 Prob > F = 0.3815 (followed the DASH diet plan that emphasizes on vegetables, fruit and low-fat fairy food, and moderate amounts
R _ of whole grai Itry and nuts). Of the 120 participants, 56 were assigned to control group and 64 were
Residual | 33025.9833 118 279.881 R-squared - 0.0085 assigned to oup. Systolic blood pressureswere measured at both baseline and one month follow-up
+ for both grou
Total | 33241.9917 115 279.
Results:
in the control group, 51.79% of them were male and 41.07% were younger than or equal to
__________________________ 4 participants in the intervention group, 48.44% were male and 40.63% were 60 years-old or
bp_diff | Coef. S5td. Err. t [95% Conf. Interwval] eline systolic blood pressure were not significantly (p=0.222) different between participants in
e, [10.65]) and intervention (157.64 [11.96]) groups. The dash diet was not statistically
sex | -2.683333 3.054402 _0.88 _8.731882 3.365215 d:t:pl:lz:::'chan;!m blood pressure as either an independent predictor (p=0.91) or in an age and
_cons | -3.75 2.15978% -1.74 2.026969 .5269685
——————— e Y, - — = . Participants” Characteristics by Intervention Type (N=120).
Characteristics  Control Intervention p-value
g (N=58) (N=64)
. Sex- no. (%)
estimates store modell Male | 29 (51.79%) 31 (48.44%) 0714
Female | 27 (48.21%) 33 (51.56%)
Age Group- no (%]
30-45 | 23 (41.07%) 17 (26.56%) 0.130
45.50 | 10 (33 g3l 21037 A1)

Have you ever had to:

* Copy results from statistical output to MS Word?
e Re-copy results when data or analyses change?
* Wondered some time after publication how you obtained an estimate?

Northwestern

Medicine’




Bl \Why conduct Reproducible Research?

Avoid the copy paste nightmare

Il lifetime_linreg - Notepad

File Edit Format View Help

name: <unnameds

log: P:“Products'PapersikKid's Papers'\kKid's Dev subhanalysishloglifetin
log type: text
opened on: 24 Apr 2013, 13:09:07

. qui wt_corr o_seddsm_1f
0.22%

svy, sub(if male==1 & raceself !=4): logistic o_seddsm_1f black hisp
(running logistic on estimation sample)

Survey: Logistic regression

............................................................................... All new results:
Ctrl-C Ctrl-V
*sedative use HOW ma ny timeS?

Number of strata = 9 Number of obs = 1165
Number of PsSUs = 1165 pPopulation size = 1684.3324
suppop. no. of obs = 1165
Subpop. size = 1684.3324
Design df = 1156
Disorder During the 12 Years After Detention, Cook County (Chicago), 1995-2011°
___________________________________________ Cocaine Use Hallucinogen/PCP Opiate Use Amphetamine Use  Sedative Use
| ) Linearized Disorder Use Disorder Disorder Disorder® Disorder®
_oseddsm1f | odds ratio  std. Err. Variable AOR"  os%c1  AOR"  o95%ci  AOR"  o95%cl  AOR"  95%cCl  AOR"  95%cl
black | .0030322 . 0031084 -5.{Main effects
hisp | .1025896 .0535013 -4, Sex
_cons | .1309232 . 0292753 -9.
___________________________________________ FvsM 1.41 (0.98, 2.04) 1.24 (0.78, 1.97) 243 (1.41, 4.17) 3.29 (1.40, 7.73)  2.68 (1.11, 6.4]
Note: 4 strata omitted because they contain Race/ethnicity
W vs AA 32.11 (13.80, 74.72)  18.8 (9.0, 39.3) 55.94 (12.88, 242.9)
(rmﬁnsquﬁisgl?l'f;leftfi;gﬁggfséﬁ%é;091' W vs H 152 (1.04,2.21) 247 (1.59, 3.84)  7.49 (3.97, 14.13) 20.97 (6.69, 65.77) 11.88 (4.64, 30.4
g 9 i Hw AA 21.18 (8.96, 50.08) 7.62 (3.54, 16.4) 7.47 (1.55, 36.12)
Time*? 1.05 (1.00, 1.10) 0.85 (0.78, 0.92) 112 (1.01, 1.24) 0.84 (0.74, 0.95) 0.90 (0.79, 1.0
Abbreviations: AOR = Adjusted Odds Ratio; Cl= Confidence Interval; AA= African American; H = Hispanic; W= non-Hispanic white; M= Male; |
? Odds ratios and their associated 95% confidence intervals were estimated via generalized estimating equations (GEEs), with linear and qud
since baseline. GEE models were weighted to account for sampling design, and were adjusted for age at baseline (centered at 16 years ofay
Inrmracead in inanila Aradnlt ) Baraneas inrarcraratinn mavractrirt arrace tn cnibhetancrace all madale ales insllidae rsvariatac farfimea inl

I\ Northwestern
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Bl \What is Reproducible Research?

Tools and Mindset

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.

M Northwestern
Medicine’



Bl \What is Reproducible Research?

Tools and Mindset

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,

The most important tool is the mindset, when starting, that the end

product will be reproducible.

-- Keith Baggerly

M Northwestern
Medicine’
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Tools for Conducting

Reproducible Research

Data Capture
Data Preparation and Analysis
Manuscript Preparation
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Data capture --> Data preparation --> Data Analysis --> Interpretation
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Bl \What is Reproducible Research?

Tools
",,’ \
PUBLISHED
>
DATA MANUSCRIPT

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

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

I\ Northwestern
Medicine’



Bl Tools for Reproducible Research: Data Capture

N

What about Excel?

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.

— | 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

Northwestern
Medicine’

7 X T~
%_ Home | Insert Page Layout Formulas
r&j '.* e Calibri w13 AT i
Pafte J Format Painter B Z U-|H- &4
Clipboard M Font
CAECtri+X) v f<| 3
Cut the selection and put it on the
Clipboard.
A B G D E
1 casenum year  month age race
g2 | 78 1 4 black
3 | 2 78 12 1 black
4 3 78 3 0.8 black
D 4 78 8 54 black
g [ [
I N
8 7 78 12 0.5 black
=il 8 78 2 0.1 black
11 10 78 12 11 white
12 | 11 78 3 66 white
13| 12 78 32 black
1A 12 72 s 1 hilarlk

28



REDCap

e Research Electronic Data Capture
e Secure web application
e http://project-redcap.org

* Features:
— Rapid set-up
— Web-based data collection
— Data validation
— Export to statistical programs
— Supports HIPAA compliance

I\ Northwestern
Medicine’

REDCa

Tools for Reproducible Research: Data Capture =~

fEDCa

Research tronic Capture

Introduction 5 C i B
The REDCap C s of 842 active i from CTSA, GCRC, RCMI
and other instituions in 70 countries. The ¢ Suppons a secure web (REDCap)

designed exclusively to support data capture for research studies

The REDCap applicaion allows users fo build and manage online surveys and databases quickly and
securely, and is currently in production use or development build-status for more than 89,000 projects
With over 116,000 users Spanning NUMEOUS research focus areas across e consorbum. To find out if
your institution is already running REDCap, you will find contadt information on the Consodium Padners
page. Leam more about REDCap by walching a brief summary wdeo (4 min)

M.ap of REDCap Consortium Partners

| +

|

P Congodium Wik (Login Required

Upcoming Events:
p = Weeidy All-Hands Consortum Meeting - Every Friday, 1-2PM Central

a Partner Video Resources Citing REDCap Library

Recent publications using REDCap:

Autophagy and nnuaim snss in ﬂomm
IDH1 mutations.

C; Rlslr I.i

Rlll.lll
from the PM& CDI’O‘I&IT cﬂmmﬁ
'l mowa.myAnw wmy R&M‘r atwies Camm

Image
and eosin stained skelelal musde cross-
Secions. J Moose 2013 Jon

Age, sress, and isolaion H\UW adults Imng
WIth HIV. ADS Cave. 2013 Ocf 14 [Epub ahead of prnf

Freoperative B-Aype natriuretic peplide levels are
assodated with outcome after fotal
cavopulmonary connection (Fontan). J Theme

: oc Sy, 2013 Saa 37

of and

About

Medications Among Nursing Home L.nlfsnln
anﬂ S!al!

CTSA Clinical & Translational
Science Awards

29
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REDCa
Bl Tools for Reproducible Research: Data Capture ====" P

REDCap vs Excel

=y =
= Enroliment
Assign recard to a Dat: Home Insert Page Layout Farmulas
2 Adding new Study [D 999 ‘* Cut Calibri
Event Mame: Baseline 53 Copy ~

Paste _ B 5 U-
Study ID 933 - J Format Painter
Enrollment Date en| Clipboard ] Font
Inclusion Criteria Cud QCtrl+30 3
Does the participant meet the definition of hypertensive es Cut the selection and |3'Jt it on the
(i.e., SEP/OBP »= 140/90) 7 Mo Clipboard

Yes
Is the participant 18 vears of age or older? Mo ¥y B C D E
Mo, the partic 1 casenum year month age race

Is the participant female of childbearing potential (i.e., pre- Mo th Hici
e ey o, theparcy 2 1 78 1 4 black

3 2 78 12 1 black
Is the participant considered obese according to the study es 4 3 78 3 0.8 blECk
criteria (BMI at least 30 kg/m*2)? 8z} .

5 4 78 8 54 black
Does the participant agree to comply with all protocol- es
required study procedures? Mo 6 3

: . - f ez 7 6
Did the participant sign the study's informed consent
document ? hlo B 7 78 12 0.5 black
Does the participant have any pre-existing condition that, in Yes 9 3 78 2 0.1 black
the investigator's opinion, would preclude participation in Mo
the study? 10 9
Form Status 11 10 78 12 11 white
Complete? Incomplete ¥ 12 11 78 3 66 white
Save Record 13 12 78 1 32 black
Save and Contin 14 12 i) = 1 hlack

I\ Northwestern
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REDCa
Bl Tools for Reproducible Research: Data Capture ====" P

REDCap vs Excel

=y =
= Enroliment
Assign recard to a Dat: Home Insert Page Layout Farmulas
-
2 Adding new Study [D 999 j ‘* Cut Calibri
Event Mame: Baseline 53 Copy ~
Paste _ B 7
Study ID 933 - J Format Painter
Enroliment Date En| Clipboard Fl Font
Inclusion Criteria Cud QCtrl+30 3
Does the participant meet the definition of hypertensive es Cut the selection and p ut it on the
(i.e., SEP/OBP »= 140/90) 7 Mo - ]
vboard.
Yes
Is the participant 18 vears of age or older? Mo ¥y E
Mo, the partic 1 casenum age race
Is the participant female of childbearing potential (i.e., pre- Mo the partici
menopausaly? Yels P b 1 4 bIECk
2 1 black
Is the participant considered obese according to the study es
criteria (BMI at least 30 kg/m*2)? 8z}
A
Does the participant agree to comply with all protocol- es
required study procedures? Mo 3
: . - f ez 6
Did the participant sign the study's informed consent
document? Ma B 7 78 12 0.5 black
Does the participant have any pre-existing condition that, in Yes 9 3 78 2 0.1 black
the investigator's opinion, would preclude participation in Mo
the study? 10 9
Form Status 11 10 78 12 11 white
Complete? Incomplete ¥ 12 11 78 3 66 white
Save Record 13 12 78 1 32 black
Save and Contin 14 12 i) = 1 hlack
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Bl Tools for Reproducible Research: An Analogy
Staplers

I\ Northwestern
Medicine’
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Bl Tools for Reproducible Research: An Analogy
Staplers

An aII purpose of'flce stapler

A stapler designed for surgical procedures:

hitps:/fupload. wikimedia.ong/wikipedia/commons/thumby/4/4a/Surgical_stapler_%626_cutter_linear IPG//640px-Surgical_stapler_%26_cutter_linear JPG

I\ Northwestern
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Bl Tools for Reproducible Research: An Analogy

Staplers

An all purpose office stapler:

>3 .

A stapler designed for surgical procedures:

hittps:/fupload wikimedia.org/wikipedia/commons/thumby/4/4a/Surgical_stapler_%26_cutter_linear.JPG//640px-Surgical_stapler_%26_cutter_linear. JPG

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

I\ Northwestern
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Bl Tools for Reproducible Research: An Analogy

The Failures of Excel for Data Capture

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?

N
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1" B A R
Home Insert Page Layout Formulas Data Review View Acrobat
2
j & Cut Calibri ‘i A == 9 Swepte General
—“— 42 copy 5
Pu's(e o Fomat Painter B I U- [T~ O-A- EEE EE HMerge&Center- § - %
Clipboard Font Alignment Num
CuATCtri+X) f
Cut the selection and put it on the
Clipboard.
A ["e [ c T o e[ ¢F T e [ v [ v [ v 1]
casenum 3 month age race sex dx prigj priorrx whbc
1 4 black female 0

9
1| 10 11 white female 1
12| n : 3 66 white  male
13 12 78 1 32 black female 0 2 1
k7.1 12 i ]-1 5 1 hiack 1 1 | n

1
2 1 black

male

male




Bl Tools for Reproducible Research: Data Preparation

Avoid cleaning and prepping your data in Excel

Ble Edit Tools View
9~ ™-|= DEEH® A B9 2788058
~“dataprep [ Untited.do |
Home Insert Page Layout Formulas o Jatagecy [DNEEES
10 import excel "C:\mydoc\mseb\culminating exams\2015\abm.xlsx", sheet("Sheetl”) firstxrow
ER cut o . 22
_,_j 23 Copy ~ Calibri oA 12 drop dx-priorrx pmn-morelabs reds lymphs-others culture-subset gram
i3
Paf“ JForrnatPainter B J U~| - o - A 24 * bring year up to date, also to mask
i5
Sl = ot 16 set seed 6548694
CubfCtr+X) - fx 3 17 gen rnum = runiform()
1 is
Cut the selection and put it on the 19 gen year2 = 1900+ year + 30 + round(rnum * 3)
| Clipboard. 20
21 * recode rr.onti'i
A B c ! D | E 22 = keep higer rates in warmer months
1 casenum year month age race 23 recode month (12=4) (2=3) (3=2) (4=12) (1=11) (10=9) (9=10) (11=1), gen(month2)
24
2 1 7 1 4 black 25 drop year month
3 Z 78 12 1 black 26 rename year2 year
4 3 78 3 0.8 black 27 rename month2 month
28 label variable year "Year of admission"
4_ ?8_ 8 54 _bla‘:k 29 label variable month "Month of admission”
5 i 30
Q T 31 * replace race to be more up to date
— ~- -~ 1132 gen raceth = race
8 7 78 12 0.5 black 33 replace raceth = "Hispanic"™ if race == "plack"™ & rnum < 0.3
9 8 78 2 0.1 black 34 replace raceth = "non-Hispanic white"™ if race == "white"
35 replace raceth = "African American® if race == "black"™ & rnum >= 0.3
10 E 36 label variable raceth "Race/ecthnicicy”
11 10 78 12 11 white 37 drop race
12 1 78 3 66 white |38 _
39 * label main variables of interest
13 12 78 1 32 black 40 label variable casenum "Case number"
14 13 73 4 1 hiarl 41 label wvariable age "Age (years)"
42 label variable wbc "White blood count/1000"
43 label variable bloodgl "Blood glucose mg/dl"™
44 label wvariable gl "CSF Glucose mg/dl"
45 label variable pr "CSF Protein mg/dl"
46 label wvariable whites "Total leukocytes in CSF count/mm~3"

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)?

I\ Northwestern
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It's how we use the software

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

- I
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Bl Tools for Reproducible Research: Data Analysis

It's how we use the software

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).

I\ Northwestern
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for Reproducible Research: Data Analysis

Stata: point-and-click is not completely incompatible with reproducibility

=%, 3 - Stata/SE 12.1 - C:\mydoc\mseb\culminating exams\2015\bacterial.dta - [Results]

Fle Edit Data Graphics Statisics User Window Help
EH® Ec- I E-HEE2 00

Command _fc
doedit "C:\mydoc\mseb'culmi. ..
st

B8 exlogistic - Exact logistic regression

dear
use "C:'\mydocimsebculming. ..
drop if age > 70

IR

Model | Tems | by//in | Weights | Options | Reporting |

Dependent variable: Indepq :. lifetime_linreg - Notepad
|| L] I Fle Edit Format Wew Help
Indepq name: <unnameds>
I log: P:“Products'Papers'kKid's Papers‘\Kid's Dev suD‘analysis‘log'lifetime_linreg.log
log type: text
I~ Data are stratified by groups Wi opened on: 24 Apr 2013, 13:09:07

e; [condition on inter . ;

I—-_j *sedative use
-

. qui wt_corr o_seddsm_1f

0.22%

I Data are in binomial form ——|| .

& Fivedinumber of tials per

svy, sub(if male==1 & raceself !'=4): logistic o_seddsm_1f black hisp
A|(running Togistic on estimation sample)

yumber of trials per of

survey: Logistic regression

N

Medicine

| 3 "[Number of strata = 9 Number of obs = 1165
Number of PsuUs = 1165 population size = 1684.3324
~ Options forthe constant —| Subpop. no. of obs = 1165
Subpop. size = 1684.3324
(% Condition out the constants for D%S‘ign df ) = 1156
N . F 2, 1155 = 23.43
¢ Do not estimate or condttion oy Prob = F = 0. 0000
(" Estimate the overall constant
| Linearized
o_seddsm_1f | odds rRatio std. Err. T P=|tl [95% conf. Interwval]
_____________ T
Qm%l black | 0030322 . 0031084 -5.66 0. 000 . 0004057 0226608
hisp | .1025896 . 0535013 -4.37 0. 000 . 0368748 . 2854154
_cons | .1309232 0292753 -9.09 0.000 . 0B44272 . 2030256

Northwestern

Mote: 4 strata omitted because they contain no subpopulation members.

. svy, sub(if male==1 & raceself '=4): logistic o_seddsm_1f white hisp
(running logistic on estimation sample)
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R and RStudio — not just for statisticians anymore

R is open-source and free B suo

One of the main statistical programs
Take control of your R code

RStudio is a free and open source integ
for R. You can run it on your desktop (Windows, Mac, or Linux) or even over
the web using RStudio Server.

Especially popular for ‘omics data

‘ Download RStudio

Bundles together data and programs in
packages for review and replication

http://cran.us.r-project.org/

e RStudio
— User friendly for non-statisticians
and statisticians alike }'
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Bl Tools for Reproducible Research: Data Analysis
Organizing data & code

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 | run first?

— Where did | store the data?

Here’s a system | use with my students and some collaborators

But there is opportunity for a lot of improvement here

. Analysis A | data
. Literature L do
Manuscript . documentation
| I
: . Figures
I inteannTienes . log .. formattedtables
R . ald

| tables memmmmm)| | rawtables
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Bl Tools for Reproducible Research: Data Analysis

Organizing data & code

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 | run first?
— Where did | store the data?

Need a system for version
control! Canvaryin
sophistication from date in
file name (simple) to
automatic versioning
(github, bitbucket, cvs).

Here’s a system | use with my students and some collaborators

But there is opportunity for a lot of improvement here

. Analysis A

. Literature
., Manuscripk

. Minutes and Memos

WM

. data

do

. documentation
. Figures

o log

KR

. kables —

Northwestern
Medicine’

. formattedtables
k. III|I:|

. rawkables




Bl Tools for Reproducible Research: Data Analysis

jupyter for organizing data, code, communications and more

INSTALL  ABOUT RESOURCES DOCUMENTATION

"~ Jupyter

s
jupyter

NEVIEWER

WIDGETS

BLOG DONATE

Note: this is for the fairly advanced user. Works

with R, have seen ways to make it work with
Stata.

.\/

Open source, interactive data science and scientific computi|
pregramming languages.

@ Jupyter Notebook

JUPYIST e

The Jupyter Notebook is a web application that allows

= jupyter

Wascoma 1 e

you to create and share documents that contain live code,

equations, visualizations and explanatory text. Uses

include: data cleaning and transformation, numerical
ﬂ s B

;:'Jupyter Untitled1 Last Checkpoint: in 17 days (autosaved)

R0

File  Edit  View Inset  Cell  Kemel  Widgets  Help Notebook saved |r O
+ % @B 4+ ¥ W B C|cCoke v 2 | CellToolbar
In [12]: summary(cars)
speed dist
Min.  : 4.88 Min. : 2.8@
1st Qu.:12.88  1st Qu.: 26.88
Median :15.80  Median : 36.00
Mean  :15.62 Mean @ 42.98
3rd Qu.:19.88  3rd Qu.: 56.08
Max. 125.88  Max. :120.00
Now the plan is to examine the value of speed for the first observation.
In [9]: cars$speed[1]
10
Now what happens if | compute the mean, change a value. and compute the mean again?
In [11]: mean(cars3speed)
cars$speed[1] <- 15
mean(cars$speed)
1552
15.62
In[1]
I can write notes in here in between executions of the code. This is interesting.
In[1]

Northwestern
Medicine’

N




Bl Tools for Reproducible Research: Data Analysis

A\

A disastrous story in why not to use Excel

Misconduct in science

An array of errors

Investigations into a case of alleged scienti
holes in the oversight of science and scient:

The Annals of Applied Statistics
009, Vol. 3, No. 4, 13091334
DOL 10, 121488 ADAS 291

Sep 10th 2011 | From the print edition @ Institute of Mathematical Statistics, 2009

DERIVING CHEMOSENSITIVITY FROM CELL LINES:
FORENSIC BIOINFORMATICS AND REPRODUCIBLE
RESEARCH IN HIGH-THROUGHPUT BIOLOGY

1 2

By KEITH A. BAGGERLY " AND KEVIN R. COOMBES
University of Texas

High-throughput biological assays such as microarrays let us ask very
detailed questions about how diseases operate, and promise to let us person-

ANIL POTTI, Joseph Nevins a
Carolina, gamered widesprea|
of Medicine that they could pr
expression arrays, which log
tissue as a colourful picture (g
that they had developed a si
cultures of cancer cells, known as cell lines, to p
effective for an individual patient suffering from I

show in five case studies that the results incorporate several simple errors
that may be pulling patients at risk. One theme thal emerges is thal the most

At the time, this work looked like a tremendous | common errors are simple (e.g., row or column offsets); conversely, it is our
idea that understanding the molecular specifics experience that the most simple errors are common. We then discuss steps we
treatment. The papers drew adulation from othel are taking to avoid such errors in our own javestigations.

newspapers, including this one (see article), wrg

organise a set of clinical trials of personalised treatments Tor NG ana Dreast Cancer.
Unbeknown to most people in the field, however, within a few weeks of the publication of the

Northwestern
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Bl Tools for Reproducible Research: Manuscript Prep

Publication: Connecting it all together

Data Capture v/

Data Preparation v°

Data Analysis v’

Writing the manuscript — how do we link the estimates and our
interpretation back to the code, variables, and data?

I\ Northwestern
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Dynamic Documents

File Edit ©Options Buffers Tools | ESS Help

DEExB sl ¥mahH @

gen iond2 = .

gen inp2 = .
gen insel
gen innn
gen innd2

local rowet 1
foreach wvar of global rvlist {
replace varnam = ""wvar'"™ if n == ‘rowct'

qui wt_gorr “wvar' _tl
sort nn

prev('var' tl), subp {fglsubp comn20_t1)

iet with change in systolic blood pressure

t prehypertension {resting blood pressure b 120/ g and 133,
is associate; cardiovascular risk and end organ damage. Lifestyle and dietary patterns have been
identified as e tors that influence the incidence of prehypertension.

Method:
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
of whale grains, fish, poultry and nuts). Of the 120 participants, 56 were assigned to control group and 64 were
assigned to DASH diet group. Systolic blood pressureswere measured at both baseline and one menth follow-up
for both groups.

Results:

of the 56 participants in the control group, 51.79% of them were male and 41.07% were younger than or equal to
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 control (155.09[10.65]) and intervention (157.64 [11.96]) groups. The dash diet was not statistically
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 n == ‘rowct' sex adjusted model (p=0.97).
replace comsel = r(se) if n == ‘“rowct'
replace cowmnl = r©i{nl) if ; == ‘rowct' Table 1. Participants’ Characteristics by Intervention Type (N=120).
replace cowdl = r(nn) if _n R P Characteristics  Control Intervention pvalue
— (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%)
prev tic.do ( [none] ) J Age Group- no (%]
: 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. 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.

I\ Northwestern
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Dynamic Documents in SAS (ODS)

Py Merge and Update with Hopkins.sas *
COVER PAGE

e e T T T T

ods escapechar=""";

CPTICHS NCDATE Label;

%let num=9;

ods rtf file="PATHWAY\FILENAME &Sysdate..rtf";

title;
footnote;

/* Create a data set containing the desired title text */
data Test; Report:

text="Report:*n
~3n Status Update Report”l0n &sysdate”5Sn Northwestern

ron; Status Update Report

J* Insert blank lines (used to move the title text to the centg
footnotel j=c "Confidential"™;
ods rtf text=""15n";

f* Output the title text */
proc report data=Test nowd nocheader style ({report)={rules=none I

style(column)={font_weight=bold font_size=12pt just=c} 1ls9
ron; 29MAY1S

e e e R TR TR T

TRELE OF CONTENIS

R e e e P e L R R T, Northwestern University

aods rtf startpage=now:
footnote:

titlel "Table of Contents";
data Test:
EeXt="INT RO DT IO . o o s i it vt s s ettt s mnn s s sa s aaam s
SUMMARY OF FILES RECEIVED. v useurssnssannsansnnnsnnnss
SUMMARY OF DATZ CLEANING... . . .. e ..
DUPLICATE CBSERVATICOHS. . v vvvsenrssnssanssansnnasnnnss
SHES COMPARED . it v vt in st s st annsan s ssannsnnsnnnsnnsns
DATE SET CONCORDANCE. ... uieensansrssassasssansnnasnnnns

Confidential
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Dynamic Documents with R Markdown

4

L3

4

[T=1 - B = IO R WY N

=
(=)
3

11

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]
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Dynamic Documents with R Markdown

4

L3

4

[T=1 - B = IO R WY N

=
(=)
3

11

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]
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Existing tools for Dynamic Documents

N
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Methods and results are documented and reproducible

MarkDoc
Ketchup

Markdown
Others ...

evolving rapidly ...

ODS l
knitR

-
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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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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)

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.

I\ Northwestern
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A Problem for Dynamic Documents: Track Changes

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

I\ Northwestern
Medicine’



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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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.

I\ Northwestern
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A Problem for Dynamic Documents: MS Word is Ubiquitous

The NEW ENGLAND
JOURNALoMEDICINE

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

American Medical Association

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

“The manuscript must be submitted as a Word document.

BMJ PDF is not accepted.”

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

MarkDoc
Ketchup

ODS

knitR ‘
Markdown
Others ...
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Limitations of Existing Tools for Dynamic Documents

File Edit ©Options Buffers Tools | ESS Help

DEExB sl ¥mahH @

gen iond2 = .

gen inp2 = .
gen insel
gen innn
gen innd2

local rowet 1

foreach wvar of global rvlist {

replace varnam = "'wvar'"™ if n == ‘rowct!

qui wt_gorr “wvar' _tl
sort nn

prev('var' tl), subp {fglsubp comn20_t1)

iet with change in systolic blood pressure

t prehypertension {resting blood pressure b 120/ g and 133,
is associate; cardiovascular risk and end organ damage. Lifestyle and dietary patterns have been
identified as e tors that influence the incidence of prehypertension.

Method:
The study recruihed.nar!icinanls from Northwestern Preventive Medicine Cardiology clinicin Chicago, IL.
Participants mly assigned to either control (maintained their original daily diet) or intervention group
(followed th plan that emphasizes on vegetables, fruit and low-fat fairy food, and moderate amounts
of whole gra ultry and nuts). Of the 120 participants, 56 were assigned to control group and 64 were
assigned to roup. Systolic blood pressureswere measured at both baseline and one month follow-up

nts in the control group, 51.79% of them were male and 41.07% were younger than or equal to

& 64 participants in the intervention group, 48.44% were male and 40.63% were 60 years-old or
n baseline systolic blood pressure were not significantly (p=0.222) different between participants in
55.09[10.65]) and intervention (157.64 [11.95]) groups. The dash diet was not statistically

y associated with change in blood pressure as either an independent predictor (p=0.91) or in an age and
usted model (p=0.97).

replace compl = r(prop) if n == ‘rowct!
replace cowsel = rise) if n == ‘rowct!
replace comnl = r(nil) if n == ‘rowct! Table 1. Participants’ Characteristics by Intervention Type (N=120).
replace cowdl = r(nn) if _n R P Characteristics  Control Intervention pvalue
& (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' Female | 27 (48.21%) 33 (51.56%)
-%--— prer tic.do z [none] ) Age Group- no (%)
30-45 | 23 (41.07%) 17 (26.56%) 0.130
A5.59 R WELX-ELH] 21 %7 K16

e 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.
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B 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
, Grant Number UL1TR001422.
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Bl Tools for Reproducible Research: StatTag

What makes StatTag different than other programs?

* 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

x Qi o v S

* User-friendly, easy learning curve

— StatTag menu consistent with Word layout
— EndNote:Citations as StatTag:Results
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Bl StatTag: An Introduction

WM ‘-'|

StatTag-Updates-720.wnv
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Bl StatTag: An Introduction

WM ‘u'|

StatTag-Tagging-720.wnv
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Bl Getting to know StatTag

® StatTag
Can | use StatTag with multiple code files?

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

=0

= SHS _

EE

Al

SAS _

* Future versions will connect to R. You can connect both Stata and SAS files
to the same document.
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Bl Getting to know StatTag ® StatTag
How does StatTag work when | share the Word document with

collaborators?

If | have... . . View code
Review/edit . . Insert or
. associated with a
manuscript text update a tag
tag
Microsoft Word v X X
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Bl Getting to know StatTag ® StatTag
How does StatTag work when | share the 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 Stata/SAS v v X
code
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Bl Getting to know StatTag ® StatTag
How does StatTag work when | share the 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 Stata/SAS v v X

code

+ Stata/SAS and Data v v v
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Bl Getting to know StatTag
s it only for Word and Stata/SAS/R on Windows?

* No! The first public releases are for Windows and Stata/SAS.

* A Mac version of StatTag for Stata is coming soon.

April 2017

Windows v

Mac Early 2017 X June 2017
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Bl Getting to know StatTag

Can | see all the tags in a document?

* 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.

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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Bl Getting to know StatTag

® StatTag
What about data security (e.g. Pll, PHI)?

 StatTag doesn’t store a copy of your data.

* StatTag will eventually store a read-only copy of your code

I\ Northwestern
Medicine’



Bl Getting to know StatTag
How do | get StatTag?

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 Getting to know StatTag
How do | cite StatTag?

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

e StatTag is distributed under the MIT License

Medicine’ Clinical and Translational Sciences Institute

CTS Clinical & Translational I\Vl Northwestern | NUCATS N

Science Awards
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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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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
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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.
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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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https://github.com/jacobslusser/ScintillaNET
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