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Today’s Outline
• NIH’s Vision of Data Science for Biomedical Research
• Use Cases & Examples
• Challenges and Opportunities in FAIR Data and Data Sharing
• Data Repositories Now and a Future Goal
• Creating Interoperability, Data, Platforms
• AI-a newish frontier
• Leveraging RDA



Some Compelling Use Cases

Credit: Albert Christopher, Medium, Sept 9, 2020National Cancer Institute, Credit: iStockCredit: iStock

Studying rare diseases like 
pediatric cancers are especially 
challenging because no single 
source has enough data to allow 
identification of causative 
variants on their own and 
research participant may be 
duplicated across systems.

Data Scientist or AI Engineer? 
AI has great potential to help 
scientists make sense of the 
vast quantities of data being 
generated by modern 
instruments.

I’m writing my RO1 and need 
to submit a Data 
Management and Sharing 
Plan. How do I put the FAIR 
Principles into practice, 
where do I start, and what do 
I do?



Challenges and 
Opportunities in 

FAIR Data and Data 
Sharing

How can we go from frustrated à doing à success?



Journal articles could link 
to repository data sets, 
code, and interactive 

notebooks

Metadata were computable so that a 
search for similar datasets was possible

VISION: a modernized, integrated, FAIR biomedical data ecosystem



There Is Progress

Linking data in repositories embedded in corresponding journal publications 
or collections:

• Elsevier, Nature Scientific Data, PLOS, Dataverse Crossref, Datacite, researchgate, OCLC CONNECT 
pilot; related efforts such as bioCADDIE, PubMed, FAIRsharing WG (RDA) etc.

• Many of these efforts are working with a community of repositories for greater discoverability

Recommender (machine readable) Metadata for greater discoverability:

• RDA, FAIRsharing, Crossref, American Mathematical Society, Altmetric, Nature Scientific Data, NIH’s 
NCPI, etc.

• Standards are emerging for minimal metadata for discoverability much like efforts to create common 
data elements and common data models

On the open-source landscape of PLOS Computational Biology 
https://doi.org/10.1371/journal.pcbi.1008725

• An emerging trend is to provide an easily reproducible data & coding environment MyBinder, Google 
Colab, NeuroLibre, and Code Ocean, interactive figures (e.g., Plotly and Bokeh), widgets 
(e.g., ipywidget), or dashboards (e.g., Dash and Shiny)

https://doi.org/10.1371/journal.pcbi.1008725
https://mybinder.org/
https://colab.research.google.com/
http://neurolibre.conp.ca/
https://codeocean.com/
https://plotly.com/
https://bokeh.org/
https://ipywidgets.readthedocs.io/en/latest/examples/Widget%20Basics.html
https://plotly.com/dash/
https://shiny.rstudio.com/


Data Resource Lifecycle: Focus on the Growth and 
Maturity Phase
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Credit: Kim Pruitt, NCBI



Positioning Repositories for Data Sharing
Challenge: It is critical for repositories 
to receive support to help them achieve 
the TRUST and FAIR principles and 
evaluate usage, utility, and impact via 
metrics to prepare them for data sharing 
requirements as per the Final NIH 
Policy for Data Management 
and Sharing (NOT-OD-21-073)

Opportunity: Develop an ecosystem 
that allows for a range of diverse 
repositories to provide different options 
for researchers as their data sharing 
needs evolve, which would leverage 
existing data and maximize assets



Supplements to Support Existing Repositories

Better enable data discoverability, interoperability, and reuse

• Implement the relevant portions of the Desirable Characteristics for 
Repositories (i.e., NOT-OD-21-016) with the aim to strengthen adoption 
of the FAIR principles

• Strengthen the adoption of the TRUST principles, which may include a 
structured plan to pursue certifications

• Adopt, enhance, or contribute to community-based metrics standards 
or best practices of metrics to evaluate the usage, utility, and impact of 
the data resource throughout its lifecycle

Goals

NOT-OD-21-089 | Due May 20, 2021

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-016.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4792175/
https://pubmed.ncbi.nlm.nih.gov/32409645/
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-089.html


Desired Characteristics for All Data Repositories
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• Assigns unique persistent 
identifiers

• Plan for long-term sustainability
• Accompanies data with 

metadata 
• Provides mechanisms for 

curation and quality assurance 
• Free and easy access to data 
• Broad and measured terms of 

reuse
• Provides clear use guidance

• Uses documented security and 
integrity measures

• Ensures confidentiality
• Uses common format
• Tracks provenance
• Provides retention policy

Desired Characteristics for Repositories Preserving and 
Sharing Human Participant Data

• Ensures fidelity to consent
• Compliant with data use 

restrictions

• Ensures participant privacy
• Plan for breach
• Controls and audits download

• Addresses violations of terms-
of-use

• Uses request review process

From NOT-OD-21-016 Desirable Characteristics for Data Repositories

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-016.html


Improving Discoverability of Existing Resources and 
Improving Data Within These Resources
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https://findwise.com/blog/data-that-really-saves-lives-and-possibly-your-
organisation/

(used with permission from Ingrid Dillo)

https://findwise.com/blog/data-that-really-saves-lives-and-possibly-your-organisation/
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Optimized Funding for NIH Data 
Repositories and Knowledgebases

• Data resources are important 
research tools

• Historically funded through 
research grants

• Funding mechanism should 
be optimal for type of 
resource

• End goal: researcher 
confident in data and 
information integrity

• Solution: New Funding 
Announcement for data 
repositories and 
knowledgebases

• Resource plan requirement

Scientific 
Impact

Community 
Engagement

Quality of Data 
and Services 

and Efficiency 
of Operations

Governance



Optimized Funding for NIH Data 
Repositories and Knowledgebases

Funding Opportunities
• NIH released two funding 

opportunities to support 
biomedical data repositories 
and knowledgebases:

• Biomedical Data Repository 
(PAR-20-089)

• Biomedical Knowledgebase 
(PAR-20-097)

Scientific 
Impact

Community 
Engagement

Quality of Data 
and Services 

and Efficiency 
of Operations

Governance

https://grants.nih.gov/grants/guide/pa-files/PAR-20-089.html
https://grants.nih.gov/grants/guide/pa-files/PAR-20-097.html


NIH Figshare Generalist Repository Pilot

Pilot-specific



NIH Figshare Items Reflect Work Funded 
by 22 Different NIH Institutes and Centers



Citations in Scholarly Literature 
Links to NIH Figshare in Publications and Preprints

During Pilot Since Pilot End

Metrics collected March 25, 2021 
Citation data on Figshare is obtained by full text search of research articles via Dimensions.ai 

• NIH Figshare items 
have been referenced 
48 times in the 
scholarly literature

• 13 of these references 
occurred in papers 
published since the 
pilot concluded

• Most are original self-
citations, but 3 citations 
reflect reuse by others
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Coopetition
The value line defines when 
members:

• Compete on specific/unique 
features

• Dashboards
• Visualization
• Analytics
• Linked data
• Etc.

• Collaborate on common/shared 
goals

• Core metadata
• Identifiers
• Authentication
• Etc. Community Workshop on the Role of Generalists 

Repositories, Feb 11-12, 2020
Co-Chairs Maryann Martone and Shelley Stall



Considerations after the Figshare Pilot and 
Generalist Repository Workshop

• Co-chairs Shelley Stall and Maryann Martone worked with the generalist 
repositories to post a Generalist Repository Comparison Chart on FAIRsharing.org 

https://fairsharing.org/collection/GeneralRepositoryComparison


Creating 
Interoperability, Data, 

Platforms



Creating an Integrated Cloud-Based Ecosystem

Scientific inquiry increasingly requires 
integration of multi-modal and multi-
temporal data, and a sophisticated 
integration of participant’s clinical, genomic 
and related data across multiple platforms

https://anvilproject.org/ncpi

The NIH Cloud Platform Interoperability (NCPI) effort aims to 
establish and implement guidelines and technical standards to 
empower end-user analyses across participating NIH cloud platforms

https://anvilproject.org/ncpi


Platform Interoperability

Generic Search Results Hand-off

A generic and universal hand-off mechanism so data portal 
users can further analyze search results on any analysis 

platform that supports the format.

Cross-Platform Data 
Discovery

A dataset catalog for a "bird's 
eye view" for an overview of 

available datasets.

Common Fund Kids 
First Data Resource 

Center (KFDRC)

NCBI Database of 
Genotypes and 

Phenotypes (dbGaP)

NCI Cancer 
Research Data 

Commons (CRDC) NIMH Data 
Archive 
(NDA)

All of Us 
(AoU)

Common Fund Data 
Ecosystem (CFDE)

NHLBI Biodata 
Catalyst (formerly 

DataSTAGE)

NHGRI Analysis, 
Visualization and 
Informatics Lab-
space (AnVIL)

https://anvilproject.org/ncpi/data



Researcher Workflows After RAS August Deploy
RAS V1: Authentication and Authorization provided by a central NIH service. Auth tokens 
move with the user as they navigate to any of the four Phase 1 Data Platforms so that the 
researcher only logs in one time to RAS

AUTH N AUTH Z
Passport and Visa: Which dbGaP 
studies/consent groups you are authorized 
to access and your role 

LOGIN (1) SEARCH/ 
SELECT ACCESS COMPUTE SHARE

ID Token: 
Who you are

1

Before provisioning data, the platform validates the 
passport/visa by calling RAS, so access information is 
always up to date within the last 30 minutes



Early Pilot for a Path Forward

• Early pilot for a path forward
Pediatric Cardiac Genetics 
Consortium (PCGC)
an observational study of 
participants with congenital 
heart defects (CHD). 

Gabriella Miller Kids First Pediatric 
Research Program (GMKF) stores 
a subset of the PCGC project in 
the Kids First Data Resource 
Center (KFDRC).

TOPMed program includes an 
additional subset of the PCGC 
project, representing up to 3230 
participants which is hosted in 
BioData Catalyst Ecosystem 
(BDCatalyst).

With Anvil, this work enables data 
access and analysis across three 
data platforms/ ecosystems, with 
the goal of bringing together the 
PCGC data for the first time in the 
cloud for researchers.

Collaboration
The team has been collaborating on an approach to 
index and provide this data through the KFDR while a 
user is in BDCatalyst platform & vis versa.

User Experience
Users will be able to see both TOPMed PCGC and 
Kids First PCGC in either portal interface 

Index Retained
TOPMed PCGC (phs001735) and GMKF PCGC data 
continue to reside in respective cloud systems and 
each program maintains their own index of the data. 

Search and Export
Data can be searched and exported via the PFB on 
FHIR convention with GA4GH DRS used for data 
access and analysis in either KFDRC the BDCatalyst
workspace environments (Terra and SevenBridges).

EARLY ACCOMPLISHMENTSPROBLEM STATEMENT



Supplements to Enhance Software Tools for Open Science

New collaborations between biomedical researchers and 
software engineers

Enhance software engineering of valuable 
scientific tools 

Working with STRIDES Initiative is encouraged but not 
required

Make research tools “cloud-ready”

NOT-OD-21-091 | Due May 15, 2021

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-091.html


AI: A New(ish)
Frontier



data people ELSI

Data
collection
analysis

reuse

People
attract
train

convene

Ethics
accountable

informed
representative

R2: criteria for ML-friendly 
datasets

R3: “datasheets” and “model cards” 
R4: consent and data access 
standards

R5: ethical principles for ML in 
biomedicine

R7: ML-focused trainees and fellows.
R8: convene cross-disciplinary 
collaborators

R6: curricula for  ML-BioMed experts

R1: flagship data generation 
efforts

Recommendations



Bridge2AI Program: Basic 
Implementation Strategy

Data Generation Centers
• 3-8 Other Transactions awards
• Create flagship data sets and necessary standards, 

tools, ethics rubrics, other documentation to drive use
• Dedicated Modules:

• Data acquisition
• Teaming
• Ethics
• Standards
• Tools
• Skills and Workforce Development

BRIDGE Center
• 1-2 U54 awards
• Integration, evaluation, dissemination activities for 

each functional area across the data generation 
projects

• Cores:
• Admin
• Teaming
• Ethics
• Standards
• Tools
• Skills and Workforce Development



Two Notices of Intent to 
Publish Opportunities

Notice of Intent to Publish a Research Opportunity Announcement 
for the Data Generation Projects of the NIH Bridge to Artificial 
Intelligence (Bridge2AI) Program (OT2)

• https://go.usa.gov/xHTSr

Notice of Intent to Publish a Funding Opportunity Announcement 
for NIH Bridge2AI Integration, Dissemination, and Evaluation 
(BRIDGE) Center

• https://go.usa.gov/xHTSY

https://commonfund.nih.gov/bridge2ai



ODSS Activities on AI Training, Ethics, Bias, and Transparency

Addressing the 
Workforce Gap in Data 
Governance for AI in 

Biomedicine

• New investigators 
trained at the interface 
of information, AI, and 
biomedical sciences, 
ready to advance the 
field of data 
governance for AI in 
biomedicine.

Ethics, Bias, and 
Transparency for 

People and Machines

• Tools, frameworks, and 
guidelines for creating 
human and machine-
readable datasheets 
and model cards for AI-
biomedical 
applications.

Improving the AI-
readiness of Existing, 

IC-supported Data

• Improved AI-readiness 
of NIH data and FAIR 
AI models.



Creative educational activities to develop the competencies and skills 
needed to make biomedical data FAIR and AI/ML-ready

• Curriculum development: exportable training modules and integrated training plans
• Training: events or other educational experiences where the structure and outputs 

are shared

FAQs:  https://datascience.nih.gov/artificial-intelligence/workforce-
development-faqs

(NEW) Supplements for Workforce Development 
at the Interface of Information Sciences, Artificial 

Intelligence/Machine Learning, and Biomedical Sciences

NOT-OD-21-079 | Due May 14, 2021

http://www.go-fair.org/fair-principles/
https://datascience.nih.gov/artificial-intelligence/workforce-development-faqs
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-079.html


Collaborations that bring together expertise in biomedicine, data 
management, and artificial intelligence and machine learning (AI/ML) 
to make NIH-supported data useful and usable for AI/ML analytics.

FAQs:  https://datascience.nih.gov/artificial-intelligence/readiness-
data-faqs

(NEW) Supplements to Support Collaborations to 
Improve the AI/ML-Readiness of NIH-Supported Data

NOT-OD-21-094 | Due May 26, 2021

https://datascience.nih.gov/artificial-intelligence/readiness-data-faqs
https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-094.html


Strategic Plan for Data Science: 
Goals and Objectives

1. Data 
Infrastructure

Optimize data 
storage and 

security

Connect NIH data 
systems

2. Modernized Data 
Ecosystem

Modernize data 
repository 

ecosystems

Support storage 
and sharing of 

individual datasets

Better integrate 
clinical and 

observational data 
into biomedical 
data science

3. Data 
Management, 

Analytics, and Tools

Support useful, 
generalizable, and 

accessible tools 

Broaden utility of, 
and access to, 

specialized tools

Improve discovery 
and cataloging 

resources

4. Workforce 
Development

Enhance the NIH 
data science 

workforce

Expand the 
national research 

workforce

Engage a broader 
community

5. Stewardship and 
Sustainability

Develop policies 
for a FAIR data 

ecosystem

Enhance 
stewardship

https://datascience.nih.gov
https://datascience.nih.gov/

https://datascience.nih.gov/


Data Sharing and Reuse Seminar Series
• Goal: spotlight NIH-funded researchers who have taken existing 

data and found clever ways to reuse the data or generate new 
findings

• Second Friday of the month at 12 ET
• Speakers have included:

• Russ Poldrack, Ph.D., Stanford University
• Alisa Manning, Ph.D., Massachusetts General Hospital
• Yang Chai, D.D.S., Ph.D., University of Southern California

bit.ly/NIHDataSeminars





Leveraging RDA

NIH is pleased to announce that we 
are supporting RDA as an 
Organizational Member! 



NIH + RDA: Developing and Engaging a 
Broad Biomedical Data Community 

Biomedical data experts can provide the opportunity to investigate, discuss, 
coordinate and provide knowledge and skills within the biomedical domain. 

Broad community input into data management and sharing best practices.

Recommendation of community principles, standards, best practices of 
interest to new NIH Data Management and Sharing Policy.

Encouraging an organic, ground-up approach to provide guidance on 
strategies for fostering adoption of community-based standards.

https://grants.nih.gov/grants/guide/notice-files/NOT-OD-21-013.html
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