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Learning Objectives

e Understand the impact of creating reproducible research
e Examine challenges of creating reproducible research data
e Discuss foundational data management practices

e Review available tools that facilitate reproducible research data



Defining Reproducibility
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Replicability
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Research process as a hierarchy

Replicability

new researcher, new data
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So, what’s the issue?
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Here, Avi, this code runs
well on my computer, let
me email it to you!
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Reproducibility in daily life
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Reproducibility in daily life
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Reproducibility in daily life
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Reproducibility is worth the effort!

Ruby’s code - made reproducibly
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So, why not put in the effort?

| don’t have

~| 7\ ldon’thave Technical (D 007
X enough time obsolescence i the skills

7
p~ There’s not ? | don’t know ”’ @ Another
@ enough incentive where to start reason




You can't have any sort of
reproducibility without good data
and project management.



Research Data Management
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Research Data Lifecycle by LMA RDMWG
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Data Through the Research Lifecycle
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Data Management Practices for Reproducibility

=

Organization Documentation Automation Dissemination
e Directory structure e README File e Scripts for workflows e Shareinrepository
e Filenaming e Data Dictionary e Computingenvironment e Get DOI for citation
e \Version control e Metadata e Dependencies e License and terms of

use language



Organization: What to avoid
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Organization: Better practice

| read my README to get me back up to speed with
this project. Now | know that | can run a single
command to call run_analysis.sh to re-run my analysis.

Ruby the
Researcher
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D 01-clean-data.R
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Source: ITCR Training Network (ITN). 2024. “Intro to Reproducibility in Cancer Informatics.”
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Organization: Tips and tricks

e Make file names informative - avoid using spaces, quotes, or unusual characters

e Keep like-files together in their own directory - keep raw data separate from
processed data or other results!

e Number scripts in the order that they are run
e Putsource scripts and functions in their own directory
e Putoutputinits own directories like results and plots

e Have a central document (like a README) that describes the basic information
about the project and analysis (see: documentation)

e Make a central script that re-runs everything (see: automation)



Documentation: Good practice
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Documentation: Good practice

Working from this notebook allows me to
interactively develop on my data analysis and
write down my thoughts about the process

all in one place!
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Documentation: Useful tools

| AUTHOR_DATASET_ReadmeTemplate - Notepad

File Edit Format View Help

This DATSETNAMEreadme.txt file was generated on [YYyymvMDD] by [Name]|

1. Title of pataset
2. Author Information
principal Investigator cContact Information
Name:
Institution:
Address:
Email:
Assoc1ate or Co- investigator Contact Information
hstitution:

Address:
Email:

3. pate of data collection (single date, range, approximate date) <suggested format YYYYMMDD>

4. Geographic location of data collection (where was data collected?):

5. Information about funding sources that supported the collection of the data:

DATA & FILE OVERVIEW

1. F1'Ie List
Filename:
short description:

B. File
short descnp(mn

C. Filenam
short descr1pt1on

2. Relationship between files:

= w

. Are there multiple versions of the dataset? yes/no
1f yes, list versions:
Name of file that was updated
g the file. updated?
i1, when os the Fﬂe updated"
Name of file that was ug
i. why was the fi'le updated?
ii. when was the file updated?

< i

. Additional related data collected that was not included in the current data package:

L

81
7322

Console

B3 2l £~ Addins ~
J notebooks.Rmd % @1 Rmd » @] Rmd % | Dlg» =
& Q| R preview - T “HRun v | B v | =
63
64~ ## Residuals
65
66 To motivate the use of models we're going to start with an

interesting pattern from the NYC flights dataset -- the
number of flights per day.

=ik z»
library(nycflightsi3)

1library(lubridate)

libraryCdplyr)

daily <- flights %%
mutate(date = make_datetime(year, month, day)) %>%
group_by(date) %-%
summarise(n = n())

ggplot(daily, aes(date, n)) +

H?eom;line()
1000~
900~ |
800~
700~
Dec2012  Mar2013  Jun2013 Sep2013  Dec201:
date
@ Chunk 3 * R Markdown *
50

RStudio

&l project: (None) ~

README File Example Template:

http://data.research.cornell.edu/content/readme

Environment  History a0
Files Plots Packages Help Viewer =
CAUR AR5

Residuals

To motivate the use of models we're going to start with an interesting
pattern from the NYC flights dataset — the number of flights per day.

Hide

library(nycflightsl13)
library(lubridate)
library(dplyr)
daily <- flights ¥>%
mutate(date = make_datetime(year, month, day)) %>%
group_by(date) %
summarise(n = n())
ggplot(daily, aes(date, n)) +
geom_line()

1000+

200~

700~

Dec 2012 Mar 2013 Sep 2013 Dec 2013

Understand this pattern is challenging because there’s a very strong
day-of-week effect that dominates the subtler patterns:

R Markdown: The Definitive Guide:
https://bookdown.org/yihui/rmarkdown/
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Automation: What to avoid
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Automation: Good practice

Ruby’s computing environment

docker

Ruby the 2aa33aaaa Avi the
—dddddd D .
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Slide from the CCDL adapted by Candace Savonen

Source: ITCR Training Network (ITN). 2024. “Advanced Reproducibility in Cancer Informatics.
https://jhudatascience.org/Adv Reproducibility in Cancer Informatics
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Automation: Tips and tricks

Create a script that can execute all of the

_ . | -- tomato_project
various subcomponents of the entire workflow.

| | -- data_raw
This simple example has three steps that can

. | | | -- raw_yield data.csv
be performed automatically:

| | | -- README.txt
1. clean_data.R to generate the cleaned

data table

o | | | -- analysis.R
2. analysis.R to perform the statistical test
| | | -- clean_data.R

3. runall.sh savedinthe src directory to

. | | | -- runall.sh
run the entire workflow process




Dissemination: Good practice

Ruby this analysis is great! | have a question about one of the pieces in your methods, but
would also plan on using this with my own research!

Your feedback and input will make this analysis
even more robust! I'm excited for us to collaborate!

)
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a—dddddd D
Researcher |asa——=maa

Slide from the CCDL adapted by Candace Savonen

Source: ITCR Training Network (ITN). 2024. “Intro to Reproducibility in Cancer Informatics.”
https://ihudatascience.org/Reproducibility in Cancer Informatics
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Dissemination: Better practice

“Just email me and
I’ll send it to you” GitHub
/ 1. See “supplemental materials”

\

\

www.mywebsite.com/my-data/projectHelloWorld

Data repository

Dropbox
Box.com
drive.google.com



Dissemination: Useful tools

Disciplinary General Software Methods

Dataverse@’c% GitHub 3 protocols.io

::: O S F v GitLab  natureprotocols
&N . v
\Tf NIM! m O Bitbucket bio-protocol c.crunse

of Mental Health




Putting it all together!

Reproducibility Spectrum
Publication +

Publication . Full
Linked and i
only Code replication
Code executable
and data
code and data

Not reproducible Gold standard

Source: Peng, Roger D. 2011. “Reproducible Research in Computational Science.” Science 334 (6060): 1226-1227.
https://doi.org/10.1126/science.1213847
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[t takes some effort to organize your research
to be reproducible...the principal beneficiary is
generally the author themsellf.

— Jon Claerbout
Making Scientific Contributions Reproducible



Why Reproducibility? Think Selfishly!

Data Journals

Journal of

open archaeology data

G
Biodiversity
_ Dara Journal

Cite dataset in paper

Journal Article

PROVIDE DATA
CITATION

Researcher, Sally (2015): My Research Dataset
Citation. Scientific Data Journal.

https://dx doi.org/10.6084/m9.scidata. 234567

Data Repositories
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Track reuse of data by other
researchers

Title:

Latest Research
Downloads:

115 downloads
Citations:

12 journals
File:

StudyDatacsv

Source: Slide courtesy of Vick Steeves. “Building Services Around Reproducibility & Open Scholarship.” https://osf.io/pvéea
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Open Researcher and Contributor ID

e ORCID: Provides a persistent digital identifier that distinguishes you from every other
researcher and supports automated linkages between you and your professional
activities ensuring that your work is recognized

e URI with a 16-digit number that is compatible with the ISO Standard (ISO 27729) or
International Standard Name Identifier (ISNI), e.g. https://orcid.org/0000-0001-2345-6789

LMN 278

posistant  Marriage Professor Professor Migration Professor ~ Retired

U

'ln

:?000 1357 -2468-0000

https://orcid.org
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Closing Remarks

REPRODUCIBILITY
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Image Source: Taron Egerton & Richard Madden on “Carpool Karaoke” Season 2, Episode 18, March 21,2019
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