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A	Reproducibility	Crisis	in	Science!



Begley	and	Ellis,	Nature 483, 531–533 (29	
March	2012)	doi:10.1038/483531a



“We	evaluated	18	articles	published	in Nature	Genetics in	2005	
or	2006	that	presented	data	from	comparative	analyses	of	

microarrays	experiments	that	had	not	been	previously	published	
elsewhere.”

Ioannidis	et	al.,	2009.	Repeatability	of	published	microarray	gene	expression	analyses.	
Nature	Genetics	41:	14



“More	than	70%	of	researchers	have	tried	and	failed	to	reproduce	another	
scientist's	experiments,	and	more	than	half	have	failed	to	reproduce	their	
own	experiments.	Those	are	some	of	the	telling	figures	that	emerged	
from Nature's	survey	of	1,576	researchers	who	took	a	brief	online	

questionnaire	on	reproducibility	in	research.”
Baker,	M.	2016.	“1,500	scientists	lift	the	lid	on	reproducibility”.	Nature 533:452–454.	

dx.doi.org/10.1038/533452a.



A	Reproducibility	Crisis	in	M&S?
• Rahmandad and	Sterman (2012)	sampled	one	year	of	articles	from	System	

Dynamics	Review	and	found	that	out	of	27	models	16	(59%)	included	no	
equations	at	all	while	2	(7%)	reported	‘some’	equations.	

• Kurkowski,	Camp,	and	Colagrosso (2005)	reviewed	114 discrete-event	simulation	
models	of	Mobile	Ad	Hoc	Networks	(MANETS)	and	found	that	all	papers	had	
issues	in	reporting	key	aspects	of	the	method	used…	terminating/steady	state,	no	
pseudo	random	number	generator	details;	initialization	details,	warm-up.	25%	of	
studies	did	not	state	the	simulation	software	in	which	the	model	was	
implemented.	

• Grimm	et	al.	(2006)	focused	on	agent-based	simulation	models	in	ecology	and	
drew	similar	conclusions	that	as	the	modelling	becomes	more	complex,	the	
potential	and	flexibility	increases	but	the	reproducibility	decreases.	This	means	
that	the	results	of	agent-based	simulation	models	are	rarely	reproducible.	

• Janssen	(2017)	investigated	the	reproducibility	of	2367	agent-based	models	
returned	from	a	search	of	ISI	Web	of	Science.	The	study	found	that	50%	of	
publications	report	complete	or	‘some’	equations.	Source	code	for	the	models	
was	only	available	for	10%	of	the	publications;	there	was	a	general	lack	of	
transparency	in	how	models	 work.



Open	Science
• “…	the	practice	of	science	in	such	a	way	that	

others	can	collaborate	and	contribute,	where	
research	data,	lab	notes	and	other	research	
processes	are	freely	available,	under	terms	
that	enable	reuse,	redistribution	and	
reproduction	of	the	research	and	its	
underlying	data	and	methods.”	

The	FOSTER	project	(Facilitate	Open	Science	Training	for	European	Research)	
(www.fosteropenscience.eu)	

• Open	Science	therefore	refers	to	efforts	to	
make	the	output	of	research	more	widely	
accessible to	scientific	communities,	business	
sectors,	and	society	more	generally	

(OECD	2015)
G.	Emmerich



Potential	Benefits	of	Open	Science	
(OECD	2015,	p.18)

• Improving	efficiency	in	science	by	reducing	duplication	and	the	costs	of	
creating,	transferring	and	reusing	data;	allowing	more	research	from	the	
same	data;	and	multiplying	opportunities	for	domestic	and	global	
participation	in	the	research	process.	

• Increasing	transparency	and	quality in	the	research	validation	process	by	
allowing	a	greater	extent	of	replication	and	validation	of	scientific	results.	

• Speeding	the	transfer	of	knowledge	from	research	to	innovation.	
• Increasing	knowledge	spillovers	to	the	economy	and	increasing	awareness	

and	conscious	choices	among	consumers.	
• Addressing	global	challenges	more	effectively	by	globally	coordinated	

international	actions.
• Promoting	citizens’	engagement	in	science	and	research	– Open	Science	

and	open	data	initiatives	may	promote	awareness	and	trust	in	science	
among	citizens.	In	some	cases,	greater	citizen	engagement	may	lead	to	
active	participation	in	scientific	experiments	and	data	collection



Many	Funders	are	Moving	Towards	OS

• European	Commission	is	promoting	open	(free	of	charge)	access	to	
scientific	publications	and	research	data	as	a	core	strategy	for	
H2020-funded	research	projects	
(ec.europa.eu/programmes/horizon2020/en/h2020-section/open-
science-open-access)

• The	National	Science	Foundation	(NSF)	has	developed	an	outline	
framework	for	activities	to	increase	public	access	to	scientific	
publications	and	digital	scientific	data	resulting	from	funded	
research	(www.nsf.gov/news/special_reports/public_access).	

• The	Concordat	on	Open	Research	Data	
(www.rcuk.ac.uk/media/news/120621)	has	been	produced	by	
HEFCE,	Research	Councils	UK,	Universities	UK	and	the	Welcome	
Trust to	guide	the	development	of	Open	Science.	

All	emphasize	the	impact	of	Open	Science	on	scientific	progress



So	how	do	we	become	more	open?	
How	do	we	openly	share?

• Published	articles?
• Data?
• Results?
• Models?
• Software?
• Computing	
Infrastructure?

https://www.timeshighereducation.com/blog/jisc-futures-research-age-open-
science#survey-answer



How	can	we	share?
• Publish	articles	using	green	or	gold	open	access	
• Deposit	data,	results,	model,	software	in	an	open	access	

institutional	repository	with	DOIs	and	using	FAIR	open	data	
principles

• Use	independent	review	or	simulation	reporting	guidelines	
(e.g.	STRESS)

• Develop	web-based	science	gateways	to	facilitate	access	to	
the	software	and	computational	infrastructure	(e.g.	cloud,	
grid,	etc.)

• Use	one	of	the	emerging	open	science	cloud	initiatives	(e.g.	
European	Open	Science	Cloud)

• Obtain	an	ORCID	and	link	DOIs	to	ORCID
• Bring	it	all	together	in	your	published	work



http://orcid.org/0000-0001-8252-0189

…	but	you	can	call	me	0189

ORCID	and	DOIs
– uniquely	identify	yourself	and	your	works



Bring	it	all	together	in	your	published	
work…

Software	(DOI	
link)

Data	(DOI	link)

“Package”	
(DOI	link)

Science	Gateway	(web	link)

Me	(ORCID)



(Grand)	Challenge
Can	we	as	a	community	become	open?

G.	Emmerich A.	Anagnostou

Work	together,	share	together,	build	
together…	Simulation	Everywhere!


