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Geoscience Paper 

of the Future (GPF) Initiative
Å Motivation : Scientists want to learn best 

practices for software sharing, but 
prefer to do it while doing research 

Å Train paper authors on best practices as they 
write a Geoscience Paper of the Future (GPF)

Å Proposed by members of the OntoSoft
Early Career Advisory Committee (~30 
members) 

Å Covering diverse areas of geosciences

 
 

EarthCube!

Å Training : Developed a 3 hour training session

Å Journal Special Issue: 
Å Write a GPF about new research being done

Å Write a GPF to document an already published paper

http://www.ontosoft.org/gpf
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Special Section: Geoscience Papers of the Future

Geophysics: Special Issue on 

Geoscience Papers of the Future

òTowards the Geoscience Paper of the Future: Best Practices 
for Documenting and Sharing Research from Data to Software 
to Provenanceó Gil et al, Earth and Space Science, 2016. 
http://dx.doi.org/10.1002/2015EA000136

On	Reproducible	AI:	Towards	Reproducible	Research,	
Open	Science,	and	Digital	Scholarship	in	AI	Publications	

Odd	Erik	Gundersen,	Norwegian	University	of	Science	and	Technology	
Yolanda	Gil,	University	of	Southern	California	
David	W.	Aha,	US	Naval	Research	Laboratory	

Abstract:	Background:	Artificial	intelligence,	like	any	science,	must	rely	on	reproducible	experiments	to	
validate	results.	Object ive:	To	give	practical	and	pragmatic	recommendations	for	how	to	document	AI	research	
so	that	results	are	reproducible.	Method:	Our	analysis	of	the	literature	shows	that	AI	publications	currently	fall	
short	of	providing	enough	documentation	to	facilitate	reproducibility.		Our	suggested	best	practices	are	based	
on	a	framework	for	reproducibility	and	recommendations	for	best	practices	given	by	scientific	organizations,	
scholars,	and	publishers.	Results:	We	have	made	a	reproducibility	checklist	based	on	our	investigation	and	
described	how	every	item	in	the	checklist	can	be	documented	by	authors	and	examined	by	reviewers.	
Conclusion:	We	encourage	authors	and	reviewers	to	use	the	suggested	best	practices	and	author	checklist	when	
considering	submissions	for	AAAI	publications	and	conferences.		

1.	Introduction		

Reproducibility	is	a	cornerstone	of	the	scientific	method.		The	ability	and	effort	
required	from	other	researchers	to	replicate	experiments	and	explore	variations	
depends	heavily	on	the	information	provided	when	the	original	work	was	
published.		Reproducibility	is	challenging	for	many	sciences,	for	example	when	the	
variability	of	physical	samples	and	reagents	can	significantly	affect	the	outcome	
(Begley	and	Ellis	2012;	Lithgow	et	al.	2017).		In	computer	science,	a	large	portion	of	
the	experiments	are	fully	conducted	on	computers,	making	the	experiments	more	
straightforward	to	document	(Braun	and	Ong	2014).		Most	AI	and	machine	learning	
research	also	fall	under	this	category	of	computational	experimentation.	However,	
reproducibility	in	AI	is	not	easily	accomplished	(Hunold	and	Trßff	2013;	Fokkens	et	
al.	2013;	Hunold	2015).	This	may	be	because	AI	research	has	its	own	unique	
reproducibility	challenges.	Ioannidis	(2005)	suggests	that	the	use	of	analytical	
methods	which	are	still	a	focus	of	active	investigation	is	one	reason	it	is	
comparatively	difficult	to	ensure	that	computational	research	is	reproducible.	For	
example,	Henderson	et	al.	(2017)	show	that	problems	due	to	non-determinism	in	
standard	benchmark	environments	and	variance	intrinsic	to	AI	methods	require	
proper	experimental	techniques	and	reporting	procedures.		Acknowledging	these	
difficulties,	computational	research	should	be	documented	properly	so	that	the	
experiments	and	results	are	clearly	described.		

The	AI	research	community	should	strive	to	facilitate	reproducible	research,	
following	sound	scientific	methods	and	proper	documentation	in	publications.		
Concomitant	with	reproducibility	is	open	science.		This	involves	sharing	data,	
software,	and	other	science	resources	in	public	repositories	using	permissive	
licenses.		Open	science	is	increasingly	associated	with	FAIR	principles	to	ensure	that	
science	resources	have	the	necessary	metadata	to	make	them	findable,	accessible,	

AI Magazine, Vol. 39, No. 3, Fall 2018.  http://doi.org/10.1609/aimag.v39i3.2816 

http://dx.doi.org/10.1002/2015EA000136


Why Learn to Write a Scientific 

Paper of  the Future
1. Practice open science and reproducible research

2. Get credit for all your research products

Å Citations for software, data, containers, notebooks, samples, é

3. Increase citations of your papers

4. Write impressive Data Management Plans

5. Extend your CV with data and software sections

6. Improve the management of your research assets

7. Reproduce your work from years ago and build on it

8. Address new funder and journal requirements

9. Attract transformative students 

10. Demonstrate leadership by stepping into the future



Training Goals

What Training Covers What is Not Covered

Å Best practices 

Å Many are still being 
developed by the community

Å Major concepts and goals, 
regardless of  the platform, 
research area, or target journal

Å Recommendations that are 
mindful of effort required

Å How to implement best 
practices with simplest 
approach

ÅMetadata standards specific 

to particular research areas

Å Improving software 

development skills

Å Details of  using code 

sharing sites



Scientific Paper 

of  the Future Training

Part I

1. Motivation and overview: 
open science, reproducible 
publications, and digital 
scholarship

2. Making data accessible

3. Making software 
accessible

4. PRACTICAL EXERCISE

5. Documenting software 
with metadata

Part II

1. Documenting software 

dependencies

2. Documenting methods and 

workflows

3. Documenting provenance

4. PRACTICAL EXERCISE

5. Summary of  author 

checklist



The Scientific Paper 

of  the Future:

Motivation and 

Overview

Part 1.1

http://dx.doi.org/10.5281/zenodo.15920
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Modern Scientific Articles

Text:

Narrative of  method,

the data is in tables, figures/plots,

the software used is mentioned

Data:

Supplementary materials, 

pointers to data repositories

Modern Published Articles

Text:

Narrative of  method,

the data is in tables, figures/plots,

the software used is mentioned

Traditional Published Articles



Scientists Are Changing

Open publications

Open data Open access

Open source



http:// www.nature.com/nature/ newspdf/ metrics_survey.pdf

Scientists 

Are Changing



The Science Community is 

Changing

PROV



Universities are Changing:

Major Initiatives in Data Science



Publishers Are Changing 

Guidelines for  Authors



Funders Are Changing



The Public is Changing:

Interest in Doing Science



Reproducibility

Financial

Human lives
Reliability

Scientific 
integrity

Financial

Trust

5/ 29/ 15, 1:49 AMRetracted Scientiýc Studies: A Growing List -  NYTimes.com

Page 1 of 8http:/ / www.nytimes.com/ interactive/ 2015/ 05/ 28/ science/ retractions- scientiýc- studies.html?smid= tw- nytimesscience&_r= 1
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1. 1. Study on Atti tudes Toward Same-Sex Marriage Is Retr acted by a Scientiýc Journal

2. A Proposal to Modify Plants Gives G.M.O. Debate New Li fe

3. Chimpanzees in Li beria, Used in New York Blood Center Research, Face Uncertain Future

4. Matter

The Human Family Tree Bristles With New Branches

5. Observatory

Race and Gender Biases Can be Reduced With Sleep Therapy, Study Finds

6. Observatory

Ancient Skull Suggests an Early Murder

7. National Brieýng | Washington

Li ve Anthrax Spores Shipped to Laboratories

8. A Robot That Can Perform Brain Surgery on a Fruit Fly

9. Jinghong Journal

Chinaôs High Hopes for Growing Those Rubber Tree Plants

10. Scientists Warn to Expect More Weather Extremes

11. Arguing in Court Whether 2 Chimps Have the Right to óBodily Li bertyô

12. Sister Megan Rice, Freed From Prison, Looks Ahead to More Anti -Nuclear Activism

13. Obama Announces New Rule Li miting Water Pollution

14. Lassa Fever Carries Li ttl e Risk to Public, Experts Say

SUBSCRIBE NOW
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The retraction by Science of a study of changing attit udes about gay marriage is

the latest prominent wit hdrawal of research results from scientif ic lit erature.

And it  very likely won't be the last. A 2011 study in  Nature found a 10-fold

increase in  retraction notices during the preceding decade.

Many retractions barely register outside of the scientif ic field. But in  some

instances, the studies that were clawed back made major waves in  societal

discussions of the issues they dealt wit h. This list recounts some prominent

retractions that have occurred since 1980.

Photo

In 1998, The Lancet, a Brit ish medical journal,

published a study by Dr. Andrew Wakefield

that suggested that autism in  chil dren was

caused by the combined vaccine for measles,

mumps and rubella. In 2010, The Lancet

retracted the study following a review of Dr .

Wakefield's scientif ic methods and financial

conflicts.

Despit e challenges to the study, Dr .

Wakefield's research had a strong effect on

many parents. Vaccination rates tumbled in

Brit ain , and measles cases grew. American

antivaccine groups also seized on the research. The Unit ed States had more

cases of measles in  the fir st month of 2015

than the number that is typically diagnosed in  a full year.

Vaccines and
Autism

Papers published by Japanese researchers in  Nature in 2014 claimed to provide

an easy method to create multipurpose stem cells, wit h eventual implications

for the treatment of diseases and in juries. Months later, the authors, including

Haruko Obokata, issued a retraction. An investigation by one of Japan's most

prestigious scientif ic instit utes, where much of the research occurred, found

that the author had manipulated some of the images published in  the study.

Approximately one month after the retraction, one of Ms. Obokata's co-authors,

Yoshik i Sasai, was found hanging in  a stair well of his office. He had taken his

own lif e.

Stem Cell Production



Reproducible Publications 

and Executable Papers

Data Replication and Reproducibility



The FAIR Principles
https://www.force11.org/group/ fairgroup/ fairprinciples

doi.org/10.1038/sdata.2016.18

G20 Leadersõ Communique Hangzhou Summit

Hangzhou, 5 September 2016

òWe support appropriate efforts to promote open science and 

facilitate appropriate access to publicly funded research 

results on findable, accessible, interoperable and reusable 

(FAIR) principles.ó



Core Recommendations for 

Scientific Publications

Reproducible 

Research

Open 

Science

Digital

Scholarship



Wf	0	 Wf	1	 Wf	2	

simMetrics	

comparison	

hypothesis	

revisedHyp	

hypothesisRevision	

Datasets

1) Reproducible Research

Software

Workflow Experimental Design



2) Open Science

Licenses

Persistent
unique 
identifiers

Shared 

repositories



3) Digital Scholarship

Persistent unique identifier Repository

Data and

software

citation

Metadata



Scientific Paper of the Future 

Reproducible Research



Reproducible Articles

Modern Published Articles

Provenance and methods: 

Workflow/scripts describing 

dataflow, codes, and parameters

Text:

Narrative of  method,

the data is in tables, figures/plots,

the software used is mentioned

Reproducible Publications

Data:

Supplementary materials, 

pointers to data repositories

Software:

Data preparation, 

data analysis, and visualization

Text:

Narrative of  method,

the data is in tables, figures/plots,

the software used is mentioned

Data:

Supplementary materials, 

pointers to data repositories



Provenance and methods: 

Workflow/scripts describing 

dataflow, codes, and parameters

Text:

Narrative of  method,

the data is in tables, figures/plots,

the software used is mentioned

Reproducible Publications

Data:

Supplementary materials, 

pointers to data repositories

Software:

Data preparation, 

data analysis, and visualization

Beyond Reproducible 

Publications

The Scientific Paper of  

the Future has further 

requirements

Reproducible 

Research

Open 

Science

Digital

Scholarship

Citation

MetadataLicenses

Persistent
unique 
identifiers

Shared 

repositories

Datasets

Software

Workflow

Experimental Design



What is a 
Scientific Paper of  the Future

Å Data: Available in a public repository, including 
documentation ( metadata), a clear license specifying 
conditions of use, and citable using a unique and persistent 
identifier .

Å Software : Available in a public repository, with 
documentation ( metadata), a license for reuse, and citable
using a unique persistent identifier . 

Å Not only major software used, but also other ancillary software for 
data reformatting, data conversions, data filtering, and data 
visualization.

Å Provenance: Documented for all results by explicitly 
describing the series of computations and their outcome with a 
provenance record of the execution tracesand a workflow 
sketch (or formal workflow)

Å Possibly in a shared repository and with a unique and persistent 
identifier. 



Scientific Paper 

of  the Future Training

Part I

1. Motivation and overview: 
open science, reproducible 
publications, and digital 
scholarship

2. Making data accessible

3. Making software 
accessible

4. PRACTICAL EXERCISE

5. Documenting software 
with metadata

Part II

1. Documenting software 

dependencies

2. Documenting methods and 

workflows

3. Documenting provenance

4. PRACTICAL EXERCISE

5. Summary of  author 

checklist



Data in the 

Scientific 

Paper of  the 

Future

"To deposit or not to deposit, that is the question - journal.pbio.1001779.g001" by Roche DG, Lanfear R, Binning SA, Haff TM, Schwanz LE, et al. (2014) - Roche DG, Lanfear R, 

Binning SA, Haff TM, Schwanz LE, et al. (2014) Troubleshooting Public Data Archiving: Suggestions to Increase Participation. PLoS Biol 12(1): e1001779. 

doi:10.1371/journal.pbio.1001779. Licensed under CC BY 4.0 via Wikimedia Commons -

http:// commons.wikimedia.org/wiki/File:To_deposit_or_not_to_deposit,_that_is_the_question_-

_journal.pbio.1001779.g001.png#mediaviewer/File:To_deposit_or_not_to_deposit,_that_is_the_question_-_journal.pbio.1001779.g001.png

Part 1.2

http://dx.doi.org/10.5281/zenodo.15920
ICER-1440323
ICER-1343800

http:// www.scientificpaperofthefuture.org CC-BY
Attribution               



Problems with Current Practice

Î Data is often not made 

available in publications

Î Limited reproducibility

Î Data made available through 

investigatorõs URL

Î URL does not resolve (i.e., 

ôõrottenõõ)

We analyze a vast collection of articles from three corpora that span 

publication years 1997 to 2012. For over one million references to 
web resources extracted from over 3.5 million articles, we observe 
that the fraction of articles containing references to web resources is 

growing steadily over time. We find one out of five STM articles 
suffering from reference rot, meaning it is impossible to revisit the 

web context that surrounds them some time after their publication. 
When only considering STM articles that contain references to web 
resources, this fraction increases to seven out of ten. 



Better Approaches

Î Data paper Î Data published in a repository



Goals of  this 

Section

1. Understand best 

practices

2. Understand how to 

implement those best 

practices

https:// www.flickr.com /photos/ vizzzual-dot-com/2655969483/



Making Data Accessible: 

Overview of Best Practices
1

2

3

4

5



Best Practices (1 of  5)

2

3

4

5

1



òDark Dataó



Discoverability through Shared 

Repositories and Metadata for 

Data and Software



Popular Data Repositories

Not Curated Curated     .

"Pangaea logo hg" by Hannes Grobe/AWI - Own work. Licensed under CC BY 3.0 via Wikimedia Commons -

http:// commons.wikimedia.org/wiki/ File:Pangaea_logo_hg.png#mediaviewer/ File:Pangaea_logo_hg.png

http:// www.arqhys.com/ articulos/ ingeniero-inspector.html



Directories of  

Research Data 

Repositories

Å http://www.re3data.org

Å http://databib.org/index_
subjects.php

Å http://oad.simmons.edu/
oadwiki/Data_repositories

Å http://www.force11.org

Å http://www.nature.com/s
data/data-
policies/repositories

http:// www.thestaffingstream.com/2012/08/06/the -buzz-about-talent-communities/



Best Practices (2 of  5)

2

3

4

5

1


