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Open Science
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“A collaborative and transparent approach to scientific 
research that emphasizes the accessibility, sharing, and 
reproducibility of data, methodologies, and findings to foster 
innovation and inclusivity"

-ChatGPT
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Open Science

Open Science Tools

Open Access 
Publications Open Data

Open 
Educational 
Resources

Open 
Methodology

Open Peer 
Review

Open Source 
Software



Open Methodology  
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Platforms to collaboratively develop code and 
share with the open internet for reproducibility. 



Open Source Softwares
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•Linux operating system and shell

•Python

•R

•Git

•Conda

•Docker

•Cyverse

•Pytorch
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LinuxCommand.org: Learn The Linux Command Line. Write Shell Scripts. Starting Python — Python Beginners documentation

•Python •R

• Open-source operating system
• Manages hardware, files and programs
• Users can customize with distributers 

(Ubuntu, Debian, etc.)

• Programming language 
• Data science, machine learning, automation and 

web development 
• Contains many libraries (Pandas, NumPy, 

TensorFlow, etc.)

• Programming language 
• Statistics, data analysis and visualization
• Heavy statistical modelling 

•Linux operating system 
and shell

https://linuxcommand.org/
https://python-adv-web-apps.readthedocs.io/en/latest/learn_python.html
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•Git •Conda
Git Bash - GeeksforGeeks Anaconda Navigator - Anaconda

Docker Desktop: The #1 Containerization Tool for Developers | Docker

• Version control to track changes in 
coding files

• Allows branching, merging and rollback 
• Employed with GitHub and GitLab to 

share and store repositories 

• Environment manager that helps install 
software and have project dependencies 
isolated 

• Supports different programming 
languages 

• Usually used through Anaconda or 
Miniconda

• Platform that packages applications and 
dependencies into ‘containers’ 

• Ensure software runs the same way 
• Used in reproducible research 

•Docker

https://www.geeksforgeeks.org/git/working-on-git-bash/
https://www.anaconda.com/docs/tools/anaconda-navigator/main
https://www.docker.com/products/docker-desktop/
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•Cyverse •Pytorch
Discovery Environment | CyVerse Functionalization in PyTorch: Everything You Wanted To Know - compiler -  PyTorch Developer Mailing List

• Cloud-based research platform that 
allows data storage, HPC and analysis 
tools 

• Supports big biological datasets, 
workflows and reproducible research 

• Deep learning framework to create and 
train neural networks

• Used for AI prototyping and Natural 
Language Processing (NLP)

https://cyverse.org/discovery-environment
https://dev-discuss.pytorch.org/t/functionalization-in-pytorch-everything-you-wanted-to-know/965


Artificial Intelligence 
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•Ollama

•ChatGPT

•Bard

•Geminis

Pretrained models

•Hugging Face



Pretrained model
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What is Hugging Face? The ML Platform For Building AI-Powered Apps |  Scalable Path

https://www.scalablepath.com/machine-learning/hugging-face


Open Methodology  
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Open Methodology  



"Those who fail to 
plan, plan to fail"
DMP?

"A data management plan or
DMP is a formal document that
outlines how data are to be
handled both during a research
project, and after the project is
completed.”
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Literature review & AI 

Inaccurate

Hallucination 

Incomplete or biased

Made up sources 
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Documentation 
On 
Markdown
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MK Docks 
Hosted 
On 
GitHub



You can even 
develop your 
portfolio!
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Making 
Research 
Reproducible

"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
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Software 
Dependency 
Hell

• Sometimes, it can be nearly
impossible to get your computing
environment correct enough to run
someone else's code.

• This can be caused by incorrect
software versions of the packages you
are using or their dependencies.

• Don't Dispair!
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Software 
Environments 
& Docker 
Container 
There are solutions to avoid software
dependency hell and ensure
reproducibility from one computer to
another



What is a Software Environment?
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Imagine your research runs inside a ‘kitchen’ of tools (software), 
recipes (code), and ingredients (data).

If the kitchen setup changes, the recipe fails!

• An environment manager
allows you to create software
installation directories that
are isolated from your
computer's PATH

• You can create unique
environments and install
specific software version to
run specific scripts



What is Docker container?
• A useful analogy is to think of

software containers as shipping
containers. It allows us move
cargo (software) around the
world in standard way. The
shipping container can be
offloading and executed
anywhere, as long the destination
has a shipping port (i.e., Docker)

Software environment = kitchen 
Docker = container keeping the kitchen consistent
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Containers 
For 
Reproducible 
Science

• Environment Consistency:
• Containers encapsulate the software environment, ensuring 

that the same versions of software, libraries, and dependencies 
are used every time, 

• reducing the "it works on my machine" problem.
• Ease of Sharing:

• Containers can be easily shared with other researchers, 
allowing them to replicate the exact software environment 
used in a study.

• Platform Independence:
• Containers can run on different operating systems and cloud 

platforms, allowing for consistency across different hardware 
and infrastructure.

• Version Control:
• Containers can be versioned, making it easy to keep track of 

changes in the software environment over time.
• Scalability:

• Containers can be easily scaled and deployed on cloud 
infrastructure, allowing for reproducible science at scale.

• Isolation:
• Containers isolate the software environment from the host 

system, reducing the risk of conflicts with other software and 
ensuring a clean and controlled environment.
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R4R- Barriers to Success
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UA OPEN ACCESS POLICY

UNIVERSITY OF ARIZONA LIBRARIES

Open
by Default
A university-wide commitment to 

global knowledge exchange.

"We support open practices—including 
open data and open source software." 

■ Universal Access for all scholars

■ Transparent & reproducible code

■ Equity in global research
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The Applicability Gap

The Limits of Influence

However, this influence is geographic.

• University's institutional power 

• Infrastructure support 

70%
International Students

Supportive Ecosystem U of A:

• HPC Access

• Mentorship

• Open Science Policies
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Infrastructure Bottlenecks 

When asked about the sufficiency of home computing infrastructure (HPC, cloud access, reliable 

internet), the cohort response was split:

Sufficiency of Home Computing Infrastructure Key Challenge: Instability

• 44% of researchers expressed uncertainty

• Divide in accessibility and applicability
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Policy & Legal Hurdles 

Anticipated Data Localization Limits 

The vast majority anticipate their 

research will be **significantly limited** 

Clear Open Science Policies 

Only 1 in 3 institutions currently have clear 

policies supporting 



Cultural & Acceptance Friction 

Senior Researchers Reward Open-Source 

**33% uncertainty** highlights a lack of 

explicit, formalized incentives.

Likelihood of Tool Acceptance 

Acceptance by Country: 56% Definitely Yes

Acceptance by Institution : 56% Definitely Yes

The Challenge:

Over half are confident in acceptance, but this 

confidence is undermined by the hard data on 

insufficient infrastructure and limiting data laws.
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Perceived Openness: High Intent

The perceived willingness to use R4R/FOSS tools is overwhelmingly high, 

demonstrating strong motivation at every level:

CONCLUSION: The problem is not one of motivation, but of **enabling environment**.

4 in 5
Home Country

Average willingness to utilize R4R tools.

15%
Institution/University

Average perceived disinterestedness from

the local institution.

86%
Research Cohort/PI

Highest score reflects strong support from 

peers and mentors.
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Building True 
Resilience
Thriving in non-ideal conditions.

Adapt: Create low-resource, 

containerized tool versions.

Advocate: Push for 

local(international) Open Science 

policies.

Connect: Build regional alumni 

support networks.
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