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What is R4R

Organizer

Arizona Institute RESEARCH, INNOVATION & IMPACT =
ﬁ ‘ for Resilience + ﬁ - Data Science Institute + g C\T/v — RS E Roots for Resilience (R4R)

Any graduate student of the U of A with the nomination of
departmental head

Goal of R4F
infrastructure tools to enhance research focused on

. Trains selected graduate students In the use of open science

The Roots for Resilience Program provides training
and support to select graduate students on open,

reproducible science and computational

. Apply data science tools to their dissertation research and discovery e e

. Increase their department’s data science capacity
IR, | B e & CYVERSE' A
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o we do during the fellowship?

& letigillan Updats il 1Csept 200 i g X)) 14 Comminy

Roots for Resilience Weekly Journal

This repository contains the jounal, a weekly log where students weite their thoughts on content in Foundaticna
Op=n Science Skills (FOSS). The idea is that you think about the content presenting (o you during FOSS and
refhect on how it could be used for your own reseanch or progect.

After each FOE5 session, stedents will write their thoughts on the session (using Rose, Bud, Thom) using the

markdown template (&.g., ournal 10sept2024.mal). We will use thes informiation to drive some dISCUSSIR on

Tiss sy SaLasnTs
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Content of the training

* [ntro to Open Science e

* Data Management

* Project Management
 Documentation and Communication Calendar
e \Version Control

* Reproducibility

WWWWW

 Container Development

- High-Performance COmpUting (H PC) Website: https://foss.cyverse.org/schedule/

IIIIIIIIIIIIIIIIIIIII

Mel & Enid Zuckerman
College of Public Health

R, | et ss e & CYVERSE' A




Overview of Open Science

THE UNIVERSITY OF ARIZONA
A Mel & Enid Zuckerman

College of Public Health

A RESEARCH, INNOVATION & IMPACT
| Data Science Institute



What is Open Science

WHAT, How & WHY 7



Pillars of Open Science

Avallablllty

Data should be available in a convenient
and modifiable form.

Q
\
£e ‘ OPEN ‘
Interoperability DATA U
Prormote data sharing and adoption Reuse
via standards Data must be machine readable and
provided under terms that permit reuse

Unlversal Participation

No restrictions on the repurposing of data
or who can use the data

Open
Educational
Resources

DECISION RENDERED

REVIEWS PERFORMED ACCEPT & ¥  Top Open Source S«
TOPICAL/ASSOCIATE PUBLISH
EDITOR SELECTION Q REJECT
open EDITOR ASSESSMENT REVISE &
RESUBMIT
methodology QUALITY CHECK

STEP-BY-STEP

SUE6°NQ PEER REVIEW

https://foss.cyverse.org/O1_intro_open_sci/
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Open Science Framework

Interpret
Findings

Publish
Report

Search and

Discover

Collect
Data

Develop
Idea

Acquire
Materials
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https://www.youtube.com/watch?v=X07mBg2tnMg&t=2s&ab_channel=CenterforOpenScience
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Data Management

» Data management is the set of practices that o [ el ] ~
allow researchers to effectively and efficiently [_Analyze | _ Collect |
handle data throughout the data life cycle. f \
 Although typically shown as a circle, the actual [mtegrate] [ Assure )
life cycle of any data item may follow a different I\ J
path, with branches and internal loops. [ Dismer} [Describe J
* Being aware of your data's future helps you plan LN [Presewe ] &
how to best manage them. he Data Life Cycle. from Strasser etal
IR, s smme e & CYVERSE' /A | Mel& Enig Zuckerman



https://dataoneorg.github.io/Education/bestpractices/

DATA PRINCIPLES

INDIGENOUS MAINSTREAM

: - . . STREAM
New Zealand :  Australia :  United States Canada T : FAIR Principles : properties for
Indigenous Data : Indigenous Data : Indigenous Data : Indigenous Data l Chart : for Data *  Industrial and
Sovereignty - Sovereignty :  Governance Governance Princi - : Management and :
Principles : Protocols : Principles Principles l plas : Stewardship :
Authority : Self-Determination : SN ocAP®
. - Sovereignty
: ' Indigenous Indigenous
warere: [ i o
o Collective Rights : Methodology and
OCbligations and Intarests Ethics Approaches

Intergenerational Evidence to Build

Collective Benefit E Accountability Collective Wellbeing Policy
Ethical For Improved
Reciprocity + Exercise Control Relationships Relationships l ouGoveEﬂl::wce &
: : zen agement ;
For Inclusive  :
Guardianship . . Data Governance Development and :
. . Innovation .
People oriented Purpose oriented
principles principles

Carroll, S.R., Garba, I., Figueroa-Rodriguez, O.L., Holbrook, J., Lovett, R., Materrechera, S., Parsons, M., Raseroka, K., Rodriguez-Lonebear, D., Rowe, R., Sara, R., Walker, J.D., Anderson, J., Hudson, M. 2020a. The CARE Principles for Indigenous Data Governance. Data Science Journal. 19 (43): 1-12.

RESEARCH, INNOVATION & IMPACT @ -IﬁUNiVEgRiITYE-OF ?SZCEA l
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Collective
Benefit

Authority to
Control

Responsibility

Indigenous Frameworks

For inclusive development and innovation

» For improved governance and
citizen engagement

For equitable outcomes

Recognizing rights and interests
» Data for governance

Governance of data

For positive relationships
» For expanding capability and capacity

For Indigenous languages and worldviews
For minimizing harm and maximizing benefit
» For justice

For future use

for
Indigenous Data Governance

: Mel & Enid Zuckerman
:{ CYVE RS E A College of Public Health



CARE Principles for Indigenous Data Governance

Collective Benefit. Authority to Control.
Data ecosystems shall be designed and function in ways that Indigenous Peoples’ rights and interests in Indigenous
enable Indigenous Peoples to derive benefit from the data. data must be recognized and their authority to control
C1. For inclusive development and innovation such data respected.
C2. For improved governance and citizen engagement Al. Recognizing rights and interests

C3. For equitable outcomes A2. Data for governance

A3. Governance of data

Responsibility. Ethics.
Those working with Indigenous data have a responsibility to Indigenous Peoples’ rights and wellbeing should be the
share how those data are used to support Indigenous Peoples’ primary concern at all stages of the data life cycle and
self determination and collective benefit. across the data ecosystem.
R1. For positive relationships E1. For minimizing harm and maximizing benefit
R2. For expanding capability and capacity E2. For justice
R3. For Indigenous languages and worldviews E3. For future use

V3V
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WAV /DY,

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.



http://creativecommons.org/licenses/by-nc-nd/4.0/

ble Accessible Interoperable Reusable
\°4

Collective  Authority Responsibility Ethics
Benefit to Control




Documentation and Communication

Public Repositories for Documentation

> e :

@ ©) GitHub Pages }
A great Open Scientist IS someone who O S e :
documents their work and shares it with the 0 BreaiThedoc :
world. This means going well beyond peer- © ¥ sooiom :
reviewed publications. P— }

0 amo :

https://foss.cyverse.org/03 _documentation_communication/#project-documentation
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Documentation and Communication

L ~0 Caeignouney. gitnuo . sQyuaign-yuriey) (6 25 Joyluzingu.github.lo/teaching,

y . . ) oo
Caleigh's Homepage iblication: l[eaching | ; Blog | s Joy Luzingu

Hello/Ya’at’ééh/Lolamal!

My name is Caleigh Curley. | am a citizen of the Diné and Hopi Tribe; raised in Ganado, Arizona,

Teaching

within the Navajo Nation and now living on O'odam lands as a Doctoral Candidate in the

at the University of Arizona (UArizona) Mel and Enid

Caleigh Curley Zuckerman College of Public Health (MEZCOPH) and a member of the , University of Arizona, College of Science, 2023

KR o | earned a Bachelor of Science in Biomedical Sciences and a

Taught lectures and administered labs for ECOL 182 L: Introduction to Biology/ Laboratory
Master of Public Health in Health Promotion from Northern Arizona University. My research

DrPH Doctoral Candidate

explores the intersection of Indigenous health, public health policy, and data governance. | have

Hesaarch Program Administrator

over six years of experience working with Tribes, Tribal colleges and universities, Tribal Joy Luzingu
Q@ Phoenix, AZ, USA
. organizations, and urban Indian organ, ¢ & imranmithu.github.iofpublications/ % =

& University of Arizona Rona, College of Science, 2022

Tribal nations through health policy ar

development and analysis in my DrP} Home CV  Research  Publications Teaching lakks Blog v
: ‘ lres in two sections of 24 students each, grading, monitor academic integrity
& Email provide expert analysis, advice, and g
Google Scholar regulatory, and legislative issues that |
Semantic Scholar Indigenous Peoples Publications pc!
RCID » A > A Rona, College of Science, 2022
& Publad Hidden danger: The long-term effect of ultrafine particles on mortality and its
enoiieo 4 enninde sraranhie dienaritiae in Neaw Yark
sociogemoarapnic aisparities in New YOrK —— .
B RessarchGat | H in Mith . gian — — Ihd administered labs for ECOL 182 L: Introduction to Biology/ Laboratory
PP UTTe mran Hossain Mithu
Published in Journal of Hazardous Matenals, 2024
Q) Githut Doctoral Student in
Environmental Health Sclence - — — — — — -
at the Mel and Enid Recommended citation: Qi, Q., Yu, F, Nair, A. A., Lau, S. S., Luo, G., Mithu, |, ... & Lin, S. (2024). Hidden danger: The
College o long-term effect of ultrafine particles on mortality and its sociodemographic disparities in New York State. Journal of
University of Arizona Hazardous Materials, 471, 134317.
@ Tucson, AZ, USA
B ResearchGate il E G fiaria £ 1 X p ¥ " ' S e
'he portrayal of antimicrobial resistance in Bangladeshi newspapers during 2010-2021:
B Linkedin | e e ol MBeii arvadive
loward understanding the narrative
O Github
1= Google Scholar Published in Plos cne, 2024
ORCID
. Recommended citation: Haque, T., Imtiaz, S. H., Hossain, M. |., Khan, S. H., Alam, M. M., Alam, Z., ... & Hassan, M. Z. THE UNIVERSITY OF ARIZONA
ﬂ RESEARCH, INNOVATION & IMPACT (2024). The portrayal of antimicrobial resistance in Bangladeshi newspapers during 2010-2021: Toward understanding the Mel & Enld zuckerman
Data SClence lnstltute narrative. Plos one, 19(5), e0304582. ® College Of PUbliC Health




How to talk to computers

The Command Line Interface (CLI) LLM Chatbots for Open Science

[+] jgillan@TysonsBox:~ Q

jgillangTyzﬁnzﬁﬂx: $ I

« & ChatGPT

. GGernini
» A\ Claude

» &3 Copilot

The Terminal shell

https://foss.cyverse.org/04 talk_to _computer/
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Remote computing

CYVERSE

WS EREPG R AN

https://cyverse.org/

The Open Science Workspace for
Collaborative Data-driven Discovery
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Remote computing

DISCOVERY
ENVIROMMENT q

Resource Usage

Your current subscription tier is Pro. m

93

11
=a= Effective Period: 2024-09-03 19:13:13 - 2025-09-03 19:13:13

Data Storage CPU Consumption
@ Using 0.00% as of 2024-09-17 14:28:04 Using 0.02% as of 2024-11-05 12:37:39

Do

)

Analyses Stats
Total: 3

o
I
I

Recent Analyses

o JupyterLab_Bioscience_analysis1

2024 035 12:08:40) n 1 minute - (2024-10-3171 12:43 n & minute (20Z24-10

o Cloud_Shell_analysis1 o Rocker_RStudio_Geospatial_analysis1

NO description was provided NOo description was provided Mo description was provided

11

1]
o
&

- B O = O

Data Science Institute & CYVERSE N,

RSITY OF ARIZONA
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Remote computing

=  UArizona HPC Documentation Sear gtm”":‘?]

High Performance Computer (HPC)

VAT~ - - - S | A . g - o= BTAaAE R N " - y, -
YV FalfaTala &l F i 1 % FY W - ™y F VT 7% K A
Vvl - [lr\l 1 > = ;I [ I ||‘-.-'I I( |~. I-‘I l| [ 1 H--Hll X
VO s s | I'-;. L |[\ AT I'll | ".-'I {] | L L % xlfx L r'-» I L : _.I'-; ) | Wt Ix

Sto rage Introduction
The University of Arizona offers High Performance Computing (HPC) resources in
Th e re are a n u m be r O'I: WayS O n e Can the Research Data Center (RDC), a state-of-the-art facility that hosts our large
computer clusters. HPC services are available at no cost to researchers. Each
faculty member is eligible for a free standard allocation of CPU time and storage

approach storage on the HPC: e

This documentation site provides technical details relevant to using our HPC

. Your own folder (in /nome/): 50GB

are a seasoned programmer, we hope you will find something useful in these pages.

. Your group (in /groups/): 500GB

limit
- - '{' Account Creation
° YO J r P I researc h (I n /Xd IS k/) : 20T B If you are an active UArizona affiliate (e.g. student, post-doc, faculty), you can register an account. If you are not affiliated

with UArizona but are working with collaborators here, you can register as a Designated Campus Colleague (DCC).

- t This site is managed by the HPC Consult team. Please contact us if you have
I guestions or comments about the content of this site.

Featured Links

Ill HP™ Cnirk Start

httDS ://hpCdOCS' hpc.arizona.edu/ THE UNIVERSITY OF ARIZONA

RESEARCH, INNOVATION & IMPACT a © M l & E .d Z I
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https://hpcdocs.hpc.arizona.edu/

“FINAL.doc

Version control refers to keepmgﬂ“ﬁl-*dmf Eféﬁﬂp'lﬁ’a‘ld‘the history for a repo with a R
track of the version of a file, se idgit, as viewed on Github

files, or a whole project. e
Some version control tools: I
- ol K n
Microsoft OfflCe S TraCKlNAL_rev.En.CGMMENFE.dnc F"Ngb‘ﬁ?;?ﬂﬁ .
Changes functionality B
Apple's Time Machine . —
Google Docs' Version |'§|IS kﬂr n
Git % a me

\ |
FINAL_rev.18.commente?.  ENAL_rev.22.com IS e
corrections?.MORE.30.dot ¢orrections 0. H£@wrewrr v

Mel & Enid Zuckerman
College of Public Health

Data Science Institute WWW.PHDCOMICS. COM ﬂ
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https://support.microsoft.com/en-au/office/track-changes-in-word-197ba630-0f5f-4a8e-9a77-3712475e806a
https://support.microsoft.com/en-au/office/track-changes-in-word-197ba630-0f5f-4a8e-9a77-3712475e806a
https://support.apple.com/en-us/HT201250
https://support.google.com/docs/answer/190843?hl=en&co=GENIE.Platform%3DDesktop
https://git-scm.com/

A

Reproducibility

“Reproducing the result of a computation means running the same software
on the same Input data and obtaining the same results.” Rougier et al. 2016

RESEARCH, INNOVATION & IMPACT
Data Science Institute

Publication
only

Not reproducible

Publication +

Code

Reproducibility Spectrum

Code
and data

Linked and
executable
code and data

Full
replication

Gold standard

& CYVERSE

A
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Reproducibility

1. Create a custom environment and

share the recipe so your colleagues can

replicate it on thelr computers
2. Package up the code and all the

software and send It to your colleague

as a Container.

IIIIIIIIIIIIIIIIIIIIII
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Reproducibility

A computing environment is the combination of
hardware, software, and network resources that

provide the infrastructure for computing
operations and user interactions.

. Hardware: CPUs, GPUs, RAM

. Operating system & version: many
flavors of Linux, MacOS, Windows

. Software versions: R, Python, etc.

. Package versions: specific R or Python
packages, which often depend on other
packages

IIIIIIIIIIIIIIIIIIIIII
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Reproducibility

System PATH

Conda Environments

env 1 en

= n Python Py 1

age 1 Pack 1 Packa
aqge FPackage 20 FPackage

Conceptual Graphic 1
3.7 p-
System Python >
conda instaliaton

3.8 (base) 3.7 (env_ 1) 405 (env_2) 11 (env_3)

RESEARCH, INNOVATION & IMPACT

Data Science Institute

A

Conceptual Graphic 2

& CYVERSE’

“&
L
N
ot
s,
A}

Q;ONDA MINICONDA | ANACONDA

= miniconda
+150 modules
+ user interface

= conda
+Python.exe
+base modules

https://foss.cyverse.org/06_reproducibility 1/

A
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Reproducibility

A container Is a standard unit of software that packages up code and all its dependencies so the
application runs quickly and reliably from one computing environment to another.

THE UNIVERSITY OF ARIZONA

RESEARCH, INNOVATION & IMPACT 3 _ - ZI! Mel & Enid Zuckerman
Zs __ ‘ Data Science Institute @ CYVE RS E https://foss.cyverse.org/07_reproducibility 11/ College A = e


https://www.docker.com/resources/what-container/

Reproducibility

Container Engine
> b > 0

Registry / Hub Images Container
. 2 2 Static, P isted 3 .
A Registry Stores many static images th:nitcain:rrlsrlrfa‘;e lmagﬁ ::s;a;r%ié:gnmg

1 | Push _

Container Engine

<>, M. < -

Dockerfile Images Container
all commands to Static, Persisted Image-instance running
assemble an image Container Image an app process in same system

THE UNIVERSITY OF ARIZONA

Mel & Enid Zuckerman
College of Public Health
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Benefits of Open Science

More exposure for =< |

your work
Researchers in Practitioners can
developing countn:s s apply your findings
can see your wor . N
./ ./.”‘ ‘\\ \
;’ "' \l \
.‘ .! . ba - 508 5ot
AN R A
‘/,-"-' ‘v/. —— ___\-;' . .o 4 2528 -
.- ",' < '..l Abban x. ——d b
f : :'/ 3 : | Higher citation rates
Taxpayers get value \ \ -
for money g 4
N Res v
_V\ﬂ -
o

\A w | w

Your research can
Influence policy

Compliant with grant
rules

THE UNIVERSITY OF ARIZONA
RESEARCH, INNOVATION & IMPACT The public can access ZAI! Mel & Enid Zuckerman
your findings *| College of Public Health

ZIAL _| Data Science Institute
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Challenges

» Technological: Low level of computing

knowledge

» Soclo-cultural: The lack of awareness of the
benefits and importance of opening up research

Process

* Organizational: A closed culture is a challenge

for individual researchers and slows down the

overall openness of research
S e & CYVERSE' A\
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Challenges

e Economic: Resources and
acceleration of Innovations,

significant investments

» Legal: Open science changes the

way we look at ownership of data,

copyright, privacy, and

g = = Generative artificial intelligence Open science
accountability In research.
RESEARCH, INNOVATION & IMPACT a © ;Vﬁ\lgivzinc;'F];;Z%LCI erman
A Data Science Institute @ CYVE RS E A College of Public( Health




Future Direction

Scaling Open Science In Public Health
a Vision for widespread adoption of FOSS
principles.

o Potential for new technologies like Al and The Future

NEXT EXIT

machine learning in public health research.

Training and Capacity Building
o Importance of programs like FOSS for the next

generation of public health researchers.

IIIIIIIIIIIIIIIIIIIIII
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. Open science Is a cornerstone for advancing public health by fostering

transparency, reproducibility, and collaboration across disciplines.
. Open science can be taught in an open science curriculum / join the FOSS session

. Advocating for the adoption of open science practices In research communities

IIIIIIIIIIIIIIIIIIIIII
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Useful Link

« FOSS Sessions: https://foss.cyverse.org/

« YouTube Channel: https://www.youtube.com/@ CyverseOrgProject

« Cyverse Portal: https://user.cyverse.org/

. HPC: https://hpcdocs.hpc.arizona.edu/#introduction

. R4R: https://datascience.arizona.edu/r4r

. UofA DSI: https://datascience.arizona.edu/news

IIIIIIIIIIIIIIIIIIIIII
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https://foss.cyverse.org/
https://www.youtube.com/@CyverseOrgProject
https://user.cyverse.org/
https://hpcdocs.hpc.arizona.edu/
https://datascience.arizona.edu/r4r
https://datascience.arizona.edu/news

 |mran Mithu — Imranmithu@arizona.edu

« Caleigh Curley- ccurley@arizona.edu

 Joy Kinko Luzingu- joyluzingu@arizona.edu
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