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Trust in Science
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Smith et al. (2009) Ecology doi:10.1890/08-1815.1

What data?
What methods?
What parameter
settings?

Can we trust
these data and
methods?




Reproducibility Crisis

"Most research findings are false for

most research designs and for most

fields”

loannidis, 2005

"“Most replication effects were

smaller than original results”

Open Science Collaboration, 2015
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National Climate Assessment

 Climate Change Impacts
- in the United States

“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.”




Computational Reproducibility

Facilitate transparency by Stand on the shoulders of giants
capturing and communicating (build on work that came before)
scientific workflows

Increase trust in science Give credit for that secondary
usage enabling easy attribution




Practical Reproducibility

Preserve the data
Preserve the software workflow
Document what you did

Describe how to interpret it all

)5 Data®N

CenTer




Harvard
Dataverse:
Reproducibility
of R Code
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Computational Provenance

Origin, processing history of r———
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Provenance

Origin and processing history of artifacts

Fully
Executable
Environment

Formal
Provenance
Trace




Provenance in DataONE

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 for Science Workflows
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Provenance for Science Workflows

- ProveN
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OAI-ORE with
ProvONE trace

Data Package with Provenance
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Hydrocarbon Data Example

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

Locations of HCDB data in Northern GOA

lat

lon



Publishing Data Workflows

Dataset C Dataset D
Mapping
Script Script Script




Hydrocarbon Data Example

Complex Workflows

Simplified view of complex workflows



Provenance Display

DataONE Search

About News Participate Resources Education Data

DATAONE SEARCH: Search Summary Sign in Sign up

<Backtosearch | Search / Metadata

Mark Carls. 2017. Analysis of hydrocarbons following the Exxon Valdez oil spill, Gulf of Alaska, 1989 - 2014. Gulf of Alaska AGOS
Data Portal. urn:uuid:3249ada0-afe3-4dd6-875e-0f7928a4c171. T

€] Copy Citation

Files in this dataset Package: urn:uuid:1d23e155-3ef5-47¢6-9612-027c80855e8d

Download all &

B Metadata: metadata.xml EML v2.1.1 140 KB 112 views Download &
B  Total_Aromatic_Alkanes_PWS.csv More info text/csv 3MB 3 downloads Download &

B  CollectionMethods.csv More info text/csv 793 B 2 downloads Download &

B  Non-EVOS_SINs.csv More info text/csv 3KB Download &

» Show 8 more items in this data set




Data Table, Image, and Other Data Details

SO0E)]

<P

Data Table
Entity Name  Total_Aromatic_Alkanes_PWS.csv
Description ~ Combined dataset from PAH, Alkane and Sample tables documenting samples collected after the

Object Name

Online Distribution Info

Size

Text Format

Number Of Records

Exxon Valdez oil spill in Prince William Sound, AK

Total_Aromatic_Alkanes_PWS.csv

https:/cn.dataone.org/cn/v2/resolve/urn:uuid:44108e76-405d-4d58-b1b3-fb4b55e3fff9

2801033 byte
Number of Header Lines 1
Record Delimiter #x0A
Attribute Orientation column
Simple Text

Field Delimeter ,

12142

2 derivations




Data Table, Image, and Other Data Details

SO0

1 et I

Total_PAH_and_Alkanes_GoA_Hy

drocarbons_Clean.R prnes. FilSicey

Citation

| View » |

om PAH, Alkane and Sample tables documenting samples collected after the
This program generated the data you are | in Prince William Sound, AK

currently viewing, 8
Total_Aromatic_Alkanes_PWS.csv.
ines_PWS.csv
This program used E5PAH.csv, EH

Sample.csv, EENon-EVOS_SINs.csv org/cn/v2/resolve/urn:uuid:44108e76-405d-4d58-b1b3-fb4b55e3fff9
and (and 1 more ®).

Text Format

Number of Header Lines 1
Record Delimiter #x0A
Attribute Orientation column
Simple Text

Field Delimeter s

Number Of Records 12142

2 derivations




Credit where credit is due

Indexing and exposing data citations
in international data repository networks

— QMAKE
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Force11 Data Citation Principles

1. Importance of data citation

2. Credit and Attribution

3. Evidence

4. Unigue ldentification

5. Access

©. Persistence

7. Specificity and Verifiability

8. Interoperability and Flexibility

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



Transitive Credit

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

[5a) Derived image

Map of sampling locations in the
Northern Gulf of Alaska

Citation

Mark Carls. 2015. Hydrocarbon
database, Gulf of Alaska. MN
Demo 2. urn:uuid:bf71c38b-22b2-46
9e-8983-734ec0ab19cb.

View »

This image was generated by the program
you are currently viewing, </> Locations
map R script .

This image was derived from B8
Total_Aromatic_Alkanes_PWS.csv .



Citing multi-generational workflows

Transitive Credit

Dataset D

Via
Provenance
Dataset C
Dataset A p—
O ]
O - — ]
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Citation in paper
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doi:

Dataset E 1’

Dataset F
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@WHOLETALE

Evolution of the Living Paper

Scholarly Publications

1st Gen Prose
2nd Gen Prose + Data
3rd Gen Prose + Data + Code

Prose + Data + Code + Provenance

Prose + Data + Code + Provenance +
Execution Environment




Theoretical and Applied Climatology
e chrmtoiony ... November 2016, Volume 126, Issue 3-4, pp 699-703 | Cite as

Learning from mistakes in climate research

Authors Authors and affiliations

Rasmus E. Benestad ], Dana Nuccitelli, Stephan Lewandowsky, Katharine Hayhoe, Hans Olav Hygen, Rob van Dorland,

John Cook

/TN /7 N\
\

Open Access | Original Paper / \
. . | 3.2k ) 103k, [ 18
First Online: 20 August 2015 N4 N
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inqsfigshare

Ships with an R package
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help
Meta
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Parsing Reproducibility \ "~

® Empirical Reproducibility:
O traditional empirical experiments, e.g. at the bench/lab

® Statistical Reproducibility:
O statistical methodology used permits generalizability of data inferences

® Computational Reproducibility:
O 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. -
O data (references) :I_Ld/
O + code (computational methods) Data Compute

O + narrative (traditional science story)

S @

O + compute environment (e.g. RStudio, Jupyter) &.‘

® Captured in a standards-based tale format @
complete with metadata
Data®N\E



@ 01-brood-table-integration.Rmd
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## Datasets

As part of the SASAP project, brood tables for 48 Sockeye salmon stocks were collected.
Table 2.1 shows a list of these stocks, along with other regional and location
information.

***{r, echo = FALSE} =z )
stocks <- read.csv('data/original/StockInfo.csv', stringsAsFactors = F)

** {r, echo = FALSE} z
datatable(stocks[, c('Stock.ID','Stock' ,'Region', 'Sub.Region')], rownames = FALSE,
caption = "Stock information")

These stocks range geographically from Washington to Alaska. Although temporal coverage
varies by stock, many of the brood tables were updated in 2016, and some have
reconstructions dating back to 1922.

<>

““*{r, echo = FALSE} Z ‘
salmon = makeIcon('images/salmon_tiny.png',

'images/salmon_big.png',

26, 14)

Figure 2.1 indicates the approximate location of the salmon stocks in Table 2.1.

m <- leaflet(stocks) %>%
setView(-median(stocks$Lon), median(stocks$Lat), zoom = 4) %>%
addTiles() %%
addMarkers(~-Lon, ~Lat, icon = salmon)

Figure 2.1: Location of stocks used in this data integration. Salmonid icon by Servien
(vectorized by T. Michael Keesey)
[CC-BY-SA](https://creativecommons.org/licenses/by-sa/3.0/), available at

FPhvioni c1Chttn: //nhvlonic . ara/)

Chunk 2 = R Markdown 2

2.2 Datasets

As part of the SASAP project, brood tables for 48 Sockeye salmon stocks were collected. Table 2.1
shows a list of these stocks, along with other regional and location information.
Show 10 entries Search:

Stock information

Stock.ID Stock Region Sub.Region

101 Washington WA WA

102  E.Stuart Fraser River Fraser Early Stuart

103  Bowron Fraser River Fraser Early Summer
104  Fennell Fraser River Fraser Early Summer
105 Gates Fraser River Fraser Early Summer
106 Nadina Fraser River Fraser Early Summer
107 Pitt Fraser River Fraser Early Summer
108  Raft Fraser River Fraser Early Summer
109  Scotch Fraser River Fraser Early Summer
110 Seymour Fraser River Fraser Early Summer

Showing 1 to 10 of 54 entries Previous 1 2! 3 4 5 6 Next

These stocks range geographically from Washington to Alaska. Although temporal coverage varies by
stock, many of the brood tables were updated in 2016, and some have reconstructions dating back to
1922.

Figure 2.1 indicates the approximate location of the salmon stocks in Table 2.1.
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Leaflet | © OpenStreetMap contributors, CC-BY-SA
Figure 2.1: Location of stocks used in this data integration. Salmonid icon by Servien (vectorized by T.




Foundational Infrastructure

Providing findable, accessible data with interoperable infrastructure
enabling long term data reuse for synthesis

Ejable Accessible nteroperable Reusable
8 9
O & do O

https.//www.forcei1.org/fairprinciples



