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Science and Informatics Challenges

• Require data integration 

across broad scales

• Traditional publication 

does not make data 

available by default

• Data within repositories 

can be siloed, limiting 

discovery

• Wide need for 

community training
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Science is Best Served by an Open and Inclusive Global Community

Understanding and Engaging the Future Users of DataONE

Industry Academia

CommunityNon- Profit

Gmnt

Libraries

Administration

Libraries

LibrariesLibraries

Librarians

LibrariansLibrarians

Librarians

InstitutionsPublishers

Societies

Foundations

Think Tanks

Researchers

Teaching Faculty

Students

Federal State Local

Administrators

Advisory Comm

Decision Makers

Policy Makers

Judiciary

Citizen Scientists

Citizen Activists

Teachers

Informal Educators

Curriculum Builders

Scientists
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Federated Security

Distributed Storage

Preservation and Metadata

Semantics and Integration

Usability and Assessment

Provenance and Workflows

Exploration, Visualization and Analysis

Sociocultural Barriers to Data 

Sharing

Sustainability and Governance

Citizen Science / PPSR

Community Engagement and 

Education
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Working Groups

Foundation for target research, development and education activities
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Scientists Tell Us

1st Scientist Survey (2011)

2nd Scientist Survey (2015)
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Scientists Want to Share Data

15
Tenopir et al 2011
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Scientists Want to Share Data
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Currently share SOME of their data  28% 

Tenopir et al 2011



Perceived Barriers to Data Sharing

24.7%

18.2%

26.1%

24.6%

43.5%

38.6%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

People don’t need them

There is no place to put them

Don't have rights to make data public

Lack of funding

I need to publish first

There is insufficient time to make them

available
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Perceived Barriers to Data Sharing

24.7%

18.2%

26.1%

24.6%

43.5%

38.6%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

People don’t need them

There is no place to put them

Don't have rights to make data public

Lack of funding

I need to publish first

There is insufficient time to make them

available

“I have tried really hard to find a good place 

where the data can be easily accessible to 

anyone for the next 10-15 years, but I have 

always been unable to find something reliable”

19
Tenopir et al 2011
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Federated Search

Data Discovery and Access from Multiple Repositories
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carbon cycling plant biomass

ocean nitrogen avian distribution
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Steadily growing, stable infrastructure
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Network Growth

44



Building the Federation

2012 2 3 4 2013 2 3 4 2014 2 3 4 2015 2 3 4 2016 2 3 4 2017 2 3 4 2018 2 3 4 2019 2 3 4
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Federated Search Across Repositories

2
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Federated Search Across Repositories
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Data Portals

Data Aggregated from Repositories Across DataONE
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Portal Services
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Custom branding and storytellingTheme

Project/

Organization

Region

Repository ...

Data Level Metrics

Aggregated views, 

downloads and 

citations

Metadata Creation

Metadata authoring

and data upload tools

Metadata Quality

Customized checks

of metadata quality

Customized Search

Community specific

search features for

enhanced discovery

Customizable Services by Organization, Theme and Region
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Provenance Display

Provenance Tracking and Management Services and Tools
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Provenance Display

Provenance Tracking and Management Services and Tools
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Semantic Search

LITTER?



Semantic Search

LITTER?
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Semantic Search

Semantic Measurement Search Capabilities



37

Data Usage and Citation
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Metadata Quality Improvement
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Metadata Quality Improvement
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Culture of Data Sharing is Improving

91%

91%

88%

88%

81%

84%

0% 20% 40% 60% 80% 100%

Willing to share data

Use others' easily accessible
datasets

2011 2015 2017

41Tenopir et al 2011, Tenopir et al 2015, Tenopir et al in press
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Currently share SOME of their data 

Tenopir et al 2011, Tenopir et al 2015, Tenopir et al in press



Culture of Data Sharing is Improving
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But there is still opportunity for growth
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• 80 publications

• 505 datasets

• Average 6.4 reused datasets per study

Budden et al, in prep
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Informing DataONE Design

45Budden et al, in prep



Building and Engaging Community
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201620122009

0 50 100

Use others' datasets if their data were

easily accesible

Willing to share data across a broad

group of researchers

It is appropriate to create new datasets

from shared data

Currently share all of my data 2010 2014

Use others’ datasets if their data 

were easily accessible 

Perception

2010     2014

Process for searching 

for own data
Tools for preparing 

metadata
Tools for preparing 

documentation

Satisfaction

Satisfaction

Community Informed Design

Surveys

User scenarios

Personas

Usability 

assessments

Tenopir et al 2011, Tenopir et al 2015



DataONE Community
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Inform 

development 

prioritization and 

direction of 

DataONE

Community 

challenges and 

shared solutions

User testing 

and feedback

Annual Community Meeting



Training

Leadership in Data Management Education
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Lesson 10: Analysis and Workflows

Typical data analyses

Data processing: may include selecting a subset 
of data for analysis, merging multiple data 
sets, manipulating data for usability, or data 
transformation

Graphical analysis: makes it easier to see patterns 
and can aid in the identification of outliers

Statistical analysis: conventional statistics are used 
to analyze experimental data; descriptive statistics 
are used to analyze observational or descriptive data

Science is iterative: the process that results in the fin

a

l  
product can be complex.

Reproducibility..

...is at the core of the scientific process. If results are 
not reproducible, they lose credibility. 

Good documentation  of  the da ta and the analysis 
are essential !

Formal Workflow

Analytical pipeline where each step can be 
implemented in different software systems. 

Parameters and requirements for each step are 
formally recorded.

• Single access point for multiple analyses 
across software packages

• Keeps track of analysis and provenance to 
better enable reproducibility

• Workflow can be stored
• Allows sharing and reuse of individual steps 

or overall workflow

Local contact information

View all Education  Mo dul es  a t https://www.dataone.org/education - mo dul es

Workflows

Definition: Precise description of the procedures 
used in a project. Can be formal or informal.

Informal workflow

No special software is needed to create workflow 
diagrams. Workflow diagrams include: 
• Inputs and outputs
• Transformation rules or analytical processes
• Decision points
• Arrows indicating direction of process flow

Informal Workflow Example

Formal workflow example: Kepler software

Best practic

e

s  f or data analysis

Formally or informally document the workflows 
used to create results. Include: 
• Data provenance
• Analyses and parameters used
• Connections betweeen analyses via inputs and 

outputs

Document the code you write for analyses.
• Well-documented code is easier to review and 

share and enables repeated analyses
• Include project level information; script de-

pendencies, inputs, and outputs; par ameters; 
and what happens in individual sections

Construct end-to-end scripts that run the entire 
process from start to finish without intervention.

Liz FergusonGreg Wilson

Fernando PérezStephanie Hampton

~4100
Webinar 

Attendees

45

Webinars
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• 2009 – 4 interns

• 2010 – 4 interns

• 2011 – 8 interns

• 2012 – 6 interns

• 2013 – 8 interns

• 2014 – 10 interns

• 2015 – 4 interns

• 2016 – 5 interns

• 2017 – 6 interns*

• 2018 – 4 interns

• 2019 – 5 interns

*2 interns sponsored by partner 

organizations

Broadening Participation

DataONE Summer Internship Program
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Metadata creation

Conversion of data/datasets for ingest

Selection of data/datasets for repository

Selection of data/datasets for ingest

67%

75%

66%

70%

Demonstrated Need for Training

Tenopir et al 2014
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Selection of data/datasets for ingest

67%
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66%

70%

Demonstrated Need for Training

12 21 26
95 95 96 97

266

676

DIF DwC DC EML FGDC Open
GIS

ISO My
Lab

none

Metadata standards

Tenopir et al 2011, Tenopir et al 2014



Status of Data Management Education

Percent of ecology courses that address 

and/or teach the data management topics 

listed

Survey of Ecology Courses

52Strasser and Hampton 2012



Challenges in Data Management Training

Survey of Educators

53

30.6%

39.6%

51.5%

0% 10% 20% 30% 40% 50% 60%

I don't have enough information (n=41)

It is not my area of expertise (n=53)

There is no time to teach data management

(n=69)

Strasser and Hampton 2012



Education Materials
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The Evolution of Resources

Lesson 10: Analysis and Workflows

Typical data analyses

Data processing: may include selecting a subset 
of data for analysis, merging multiple data 
sets, manipulating data for usability, or data 
transformation

Graphical analysis: makes it easier to see patterns 
and can aid in the identification of outliers

Statistical analysis: conventional statistics are used 
to analyze experimental data; descriptive statistics 
are used to analyze observational or descriptive data

Science is iterative: the process that results in the fin

a

l  
product can be complex.

Reproducibility..

...is at the core of the scientific process. If results are 
not reproducible, they lose credibility. 

Good documentation  of  the da ta and the analysis 
are essential !

Formal Workflow

Analytical pipeline where each step can be 
implemented in different software systems. 

Parameters and requirements for each step are 
formally recorded.

• Single access point for multiple analyses 
across software packages

• Keeps track of analysis and provenance to 
better enable reproducibility

• Workflow can be stored
• Allows sharing and reuse of individual steps 

or overall workflow

Local contact information

View all Education  Mo dul es  a t https://www.dataone.org/education - mo dul es

Workflows

Definition: Precise description of the procedures 
used in a project. Can be formal or informal.

Informal workflow

No special software is needed to create workflow 
diagrams. Workflow diagrams include: 
• Inputs and outputs
• Transformation rules or analytical processes
• Decision points
• Arrows indicating direction of process flow

Informal Workflow Example

Formal workflow example: Kepler software

Best practic

e

s  f or data analysis

Formally or informally document the workflows 
used to create results. Include: 
• Data provenance
• Analyses and parameters used
• Connections betweeen analyses via inputs and 

outputs

Document the code you write for analyses.
• Well-documented code is easier to review and 

share and enables repeated analyses
• Include project level information; script de-

pendencies, inputs, and outputs; par ameters; 
and what happens in individual sections

Construct end-to-end scripts that run the entire 
process from start to finish without intervention.



A knowledge-sharing community where researchers can 
learn the latest data skills and technologies to increase 
efficiency, productivity, transparency, and collaborative 
capacity.

Courses: Fee-based and grant-supported intensive data 
science workshops

Mentored Programs: Experiential residential and remote 
learning programs to build skills in data and open 
science

Resources: Extensive online curricula, webinars, training 
materials and best practices

Partnerships: Customized workshops and collaborative 
initiatives in data science training

Learning Hub

www.nceas.ucsb.edu/learning-hub





DataONE: An Interoperable Federation

57

Global
Data Coverage

820K
Data Packages

44
Member Nodes

45
Webinars

10
Education Modules

5700+
Trained

20K
Users/Month

100K
Contributors



58

DataONE Plus

DataONE Plus



Data Portals

Data Aggregated from Repositories Across DataONE
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Hosted Repositories

DataONE Plus
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NSF DataNet



DataONE: Supporting Data Discovery and Access

64

Federating across networks

increases data discovery

• Community informed 

design allows for 

positive user experience 

and technical 

interoperability

Continued training and outreach 

required for increased data 

literacy and data preservation



65

aebudden@nceas.ucsb.edu

dataone.org

search.dataone.org

www.nceas.ucsb.edu/learning-hub


