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Ecological Synthesis
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Climate and Ecosystems

Understanding Ocean HealthMarine Systems

Threats and Population Declines
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What data?
What methods?
What parameter 
settings?

Can we trust
these data and 
methods?

Trust in Science

Smith et al. (2009) Ecology doi:10.1890/08-1815.1 
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Reproducibility Crisis

“Most research findings are false for 
most research designs and for most 

fields”

Ioannidis, 2005

“Most replication effects were 
smaller than original results”

Open Science Collaboration, 2015

doi:10.1126/science.aac4716 
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National Climate Assessment
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“This report is the result of a 
three-year analytical effort by a 
team of over 300 experts, 
overseen by a broadly 
constituted Federal Advisory 
Committee of 60 members. It 
was developed from information 
and analyses gathered in over 70 
workshops and listening sessions 
held across the country.”



Facilitate transparency by 
capturing and communicating
scientific workflows

Increase trust in science

Computational Reproducibility

Stand on the shoulders of giants 
(build on work that came before)

Give credit for that secondary
usage enabling easy attribution
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Preserve the data

Preserve the software workflow

Document what you did

Describe how to interpret it all

Practical Reproducibility

8



• 26% ran without error
• 46% ran after cleaning

Trisovic, Ana, Matthew K. 
Lau, Thomas Pasquier, 
and Mercè Crosas. 2022. 
“A Large-Scale Study 
on Research Code 
Quality and Execution.” 
Scientific Data 9 (1). 
https://doi.org/10.1038
/s41597-022-01143-6. 

Harvard 
Dataverse: 

Reproducibility 
of R Code
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https://doi.org/10.1038/s41597-022-01143-6
https://doi.org/10.1038/s41597-022-01143-6


5000+
Trained
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Global 
Data Coverage

926K 
Data Packages

58
Repositories

25
Webinars

5000+
Trained

10,000
Users/Month

143K
Contributors
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https://search.dataone.org



Origin, processing history of 
data
• Input data
• Workflow/scripts
• Output data
• Figures
• Understand methods, 

dataflow, and 
dependencies

Computational Provenance
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Provenance

Origin and processing history of artifacts
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Prose

Formal 
Provenance 
Trace

Fully 
Executable 
Environment



Facilitate reproducible science

• Track data derivation history
• Track data inputs and outputs of analyses
• Track analysis and model executions
• Preserve and document software workflows
• Link all of these to publications

Provenance in DataONE
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ProvONE – an extension of W3C PROV

Provenance for Science Workflows
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map 
image
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See purl.dataone.org/provone-v1-dev

wasGeneratedBy



ProvONE – an extension of W3C PROV

Provenance for Science Workflows
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Data Package with Provenance
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Data Package 1

metadata science data

figuressoftware

cito:documents

prov:used

prov:generated

prov:
derived 
from

science datadata granule 1

(doi:10.5063/F1Z899CZ)

OAI-ORE with 
ProvONE trace



Mark Carls. 2017. Analysis of hydrocarbons following the Exxon Valdez 
oil spill, Gulf of Alaska, 1989 - 2014. Arctic Data Center.

Hydrocarbon Data Example

18



Publishing Data Workflows
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Data 1

Data 2

Data 3

Data 4

Data 5Integration
Script

Download
Script

Mapping
Script

Image 1

Image 2

Dataset C Dataset D



Simplified view of complex workflows

Hydrocarbon Data Example

Complex Workflows
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Provenance Display

DataONE Search
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1. Importance of data citation
2. Credit and Attribution
3. Evidence
4. Unique Identification
5. Access
6. Persistence
7. Specificity and Verifiability
8. Interoperability and Flexibility

Force11 Data Citation Principles

25Joint Declaration of Data Citation Principles, https://doi.org/10.25490/a97f-egyk



When a user cites a pub, we know:

• Which data produced it
• What software produced it
• What was derived from it
• Who to credit down the attribution stack

See: Katz & Smith. 2014. Implementing 
Transitive Credit with JSON-LD. 
arXiv:1407.51

Transitive Credit
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Citing multi-generational workflows
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doi:

Citation in paperTransitive Credit
Via

Provenance

Dataset A

Dataset B

Dataset C Dataset D
Dataset E

Dataset F



Evolution of the Living Paper
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1st Gen Prose

2nd Gen Prose + Data

3rd Gen Prose + Data + Code

Scholarly Publications

WHOLE TALE
Prose + Data + Code + Provenance + 
Execution Environment

Prose + Data + Code + Provenance
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Ships with an R package
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Parsing Reproducibility

● Empirical Reproducibility:
○ traditional empirical experiments, e.g. at the bench/lab

● Statistical Reproducibility:  
○ statistical methodology used permits generalizability of data inferences  

● Computational Reproducibility:
○ transparency of computational steps that produce scientific findings

V. Stodden. (2013). Resolving Irreproducibility in Empirical and Computational Research. IMS Bulletin



What exactly is (in) a Tale?
● Tale = executable research object, i.e. 
○ data (references)
○ + code (computational methods)
○ + narrative (traditional science story)
○ + compute environment (e.g. RStudio, Jupyter) 

● Captured in a standards-based tale format
complete with metadata
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Code/Narrative

Compute 
environment

Data



Quarto/Rmarkdown as Provenance
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Providing findable, accessible data with interoperable infrastructure 
enabling long term data reuse for synthesis

Foundational Infrastructure
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https://www.force11.org/fairprinciples


