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Why is it so important?
“Any controversy over the 
question whether events 
which are in principle 
unrepeatable and unique 
ever do occur cannot be 
decided by science: it 
would be a metaphysical 
controversy” (Popper, 
1959)



Brain & Cognition Studies

• Experimental psychology 

• social psychology 

• cognitive psychology 

• Neuroscience 
(neurobiology) 

• empirical (patch 
clamps, neuroimaging) 

• computational





Replication crisis has 
created “a career 

niche for bad 
experimenters.”  



• Context is too variable  

• The theoretical value of 
direct replications is 
limited  

• Direct replications are 
not feasible in certain 
domains 

• Replications are a distraction  

• Replications affect 
reputations  

• There is no standard method 
to evaluate replication results 







If direct replication, maybe 
there is also undirect?



Why to replicate? 
(Schmidt, 2009)

• In psychology (social sciences) replications facilitate:

• corroboration of hypotheses 

• detection false positives (type I), 

• generalization of results 

• justification of existing hypotheses by  
new experimental setups (procedures) 

• revealing mistakes (or even fraud, cf. Diederik Stapel, Tilburg)  

• One type of replication research cannot perform all the above functions 

• There are several kinds of replications



The basic distinction  
(e.g. Zwaan et al. 2018)

• Direct replication: aims to recreate an original study 
(its samples, measures, procedures, etc.) according 
to the current understanding of what is needed to 
produce the phenomenon under investigation. 

• Conceptual replication): it deliberately modify the 
critical elements of an original procedure in order to 
test the robustness of a phenomenon or the 
generality of a theoretical claim. The main purpose 
of a conceptual replication is to investigate the 
target theory or hypothesis in a novel way.

•



Types of direct replication
• Exact replication – direct replications performed by the same group of 

researchers, is to protect the scientific community against false positives, 
which are likely to occur when the first study is statistically underpowered. 

• They are analogous to repeat measurements in physics, chemistry and 
medicine. 

• They are strongly recommended when initial findings are either unexpected 
or loosely based on current theoretical models. 

• Close replication – direct replications performed by an independent team of 
researchers, also reduce the likelihood of false positives, especially those 
stemming from experimenter effects and tacit knowledge. 

• They provide information needed to establish the size of an effect, which the 
original investigators are prone to overestimate. 

• They s enable the research community not only to confirm the existence of 
an effect but also to disconfirm it.

•



Is all psychology in crisis?

NO !!!
• social psychology: 25%  
• cognitive psychology: 50%

Center for Open Science in Charlottesville, Virginia 
Brian Nosek and 269 collaborators



„Hard” psychological/cognitive 
science research carried out using 

standardized behavioral procedures

(USUALLY)  
REPLICATE!



What can we do to facilitate 
replicability?

• Involvement of authors of original research in 
replication studies 

• Preregistration of experimental procedures (or even 
preregistred articles) 

• Posting raw data in publicly available repositories 
(Open Science Framework, OSF) 

• More emphasize of the describing of original 
experimental procedures in papers



The Reviewer:



Replications & Reproductions 
in computational neuroscience



The state of the art
• A number of authors in the computational science community are drawing 

attention to problems with model replicability and reproducibility (Hutson 
2018, Peng 2011, Rougier et al. 2017, Sandve et al. 2013).

• Model reproduction is rarely performed (Legéndi et al. 2013) because 
successful reproductions do not seem to deliver novel scientific results and 
causes of failed reproduction may be difficult to discern.  

• Instead of reproducing a model with new data, researchers tend to compare 
new models with previous work.

• No major journal accepts publications related to computational replications or 
reproductions.  

• The journal ReScience (https://rescience.github.io), which aims to fill this gap, 
was established in 2015 but has as few as 22 papers as of August 2018

•

https://rescience.github.io/


A few terminology (again:)

• Repeatability of the model: The researcher can 
repeat his own computations by herself 

• Replicability of the mode: independent 
researchers, original software (and input data) 

• Reproducability of the model: independent 
researchers, their own software (computational 
implementation)

Association for Computing 
Machinery; por. Drummond (2009), 
Crook et al. (2013), Plesser (2018)



Replicability

• All code should be shared (Sandve et al. 201). 

• This call is largely ignored as only 6% of the 400 
algorithms presented at two top AI conferences in 
the past few years contained the code and only a 
third had pseudocode, or simplified summaries of 
the code (Hutson 2018)



• Journal of Computational 
Neuroscience (108 articles) 

• The code is shared: 40 of 108 
artykułów (37%)  

• Frontiers in Neuroinformatics (79 
articles) 

• The code is shared: 32 of 79 
articles (40%)  

• Biological Cybernetics (55 
articles) 

• The code is shared 5 of 55 
articles (9%)

32%

68%

We investigates 
242 articles 

(from 2016 to September 2018); 
Credits: Piotr Litwin



• They investigated the effectiveness of a replicational policy adopted by Science in 2011.  

• SCIENCE requires authors to make the data and code sufficient to replicate their study 
available to other researchers upon request.  

• The researchers selected 204 computational studies published in Science.  

• Out of those, 24 papers (about 12%) provided code and data via external links or 
supplementary material.  

• The researchers contacted the authors of the remaining 180 studies.  

• To start with, 26% of the authors failed to reply altogether while the others often responded 
evasively—e.g., by asking for reasons, making unfulfilled promises or directing the 
researchers back to supplementary material.  

• In the end, it was possible to obtain data for only 36% of the papers. 

• Stodden et al estimated about 25% of the models to be replicable. 

• The requirement to share data on demand after publishing is not being followed.



How to ensure model replicability? 
(Sandve et al., 2013)

• tracking how results were produced,  

• avoiding the manual manipulation of data sets, archiving the 
exact versions of external programs used,  

• using version control to store custom scripts, recording 
intermediate results (preferably in standardized formats),  

• noting random seeds for randomized analyses, storing raw data 
behind plots,  

• connecting textual statements to underlying results and finally 
providing public access to scripts,  

• runs and results.



Neuroscience:  
experimenting and modelling



• They found that it is impossible to reimplement three of the models, those by Riera et 
al. (2011, De Pittà et al. (2009) and Dupont et al. (2011) due to insufficient information 
in published papers 

• Relying on the original paper and a subsequent corrigendum, the researchers were 
able to reproduce the outcomes of only one model of astrocyte activity, i.e., by 
Lavrentovich and Hemkin (2008). 

• They found serious mistakes in the mathematical formalisms presented in two original 
papers (Riera et al. 2011 and Dupont et al. 2011, which made exact reproduction 
impossible. 

• Prominent computational models of astrocyte excitability—one of the key biological 
events participating in synaptic transmission—are very hard to recreate and compare.



• Two (very long!) sections of their paper on 
oculomotion to basic equations of the free energy 
framework instead of specifying exactly how their 
computer simulation was built, which is described 
extremely tersely, without any quantitative detail.  

• The paper contains both too much (lengthy 
introductions, complex figures instead of data) and 
too little information (no experimental data fed into the 
simulation, no details of the simulation framework).



The standard structure of 
the scientific article

Experimental psychology 
and experimental 
neuroscience

• Introduction 

• Methods (participants, 
procedure, material etc.) 

• Results  

• Discussion

Computational modelin 
of the brain / cognitive 
functions

THERE IS NO THE 
STANDARD STRUCTURE 
OF THE ARTICLE !!! 



• Replicability (reproducibility) is a necessary 
condition of reliability, cumulatively and 
applicability scientific knowledge

• Effective communication (starting form scientific 
papers) is a necessary condition of replicability 
(reproducibility)

Take home message



Thank you for attention!
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