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What I talk about when I talk 
about reproducibility



INTRODUCTION



3

52%
Yes, a 
significant 
crisis

3% No, there is no crisis
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38%
Yes, a slight 
crisis

1,576
RESEARCHERS SURVEYED (M. Baker, Nature, 2016)



4 (M. Baker, Nature, 2016)

Computer 
Science



ICLR 2018 Reproducibility Challenge

5 (J. Pineau, ICLR keynote, 2018)



Repeatability in Comp. Sys. Research

(C. Collbergand T. A. Proebsting, Communications of the ACM, 2016)

ÅAnalyzed 601 ACM 
papers. 

Å Out of these

ÅLocate and build
source code.

ÅAble to for 32.3% 
w.o. communicating
with authors.

Å Increase to 48.3% 
with communication.  



Journal Policy Effectiveness Analysis

(C. Collbergand T. A. Proebsting, Communications of the ACM, 2016)

ÅScience policy to 
include code and 
data.

ÅRequested from 204 
papers from 
Science. 

ÅObtained artifacts
from 44%. 

Å Able to reproduce 
26%.



UNDERSTANDING

REPRODUCIBILITY

PART 1



SO WHAT IS IT?

Reproducibility



The Scientific Method in Empirical AI Research



Assessment studies

Types of studies

Hypothesis testingHypothesis generating

Manipulatory

Observatory Observational studies

Manipulation studiesExploratory studies

(P. R. Cohen, MIT Press, 1995)



Which conclusions can we draw?

Population Sample

Treatment

No treatment

Generalize
findings

Establish causal 
relation

Random 
selection

Random 
selection



Defining Reproducibility I

(R. D. Peng, Science, 2011)



Defining Reproducibility II

Replication is to re-run the experiment with code and 

data provided by the author. 

Reproduction implies both replication and the 

regeneration of findings with at least some 

independence from the [original] code and/or data. 

(V. Stodden, Amstat News, 2011)



Defining Reproducibility III

Methods reproducibility: The ability to implement, as exactly as 

possible, the experimental and computational procedures, with 

the same data and tools, to obtain the same results. 

Results reproducibility: The production of corroborating results 

in a new study, having used the same experimental methods. 

Inferential reproducibility: The drawing of qualitatively similar 

conclusions from either an independent replication of a study or a 

reanalysis of the original study. 

(S. N. Goodman, D. Fanelli, J. P. A. Ioannidis, Science Translational Medicine, 2016)



Definition of Reproducibility

Reproducibility in empirical AI research is the ability of 

an independent research team to produce the same

results using the same AI method based on the 

documentation made by the original research team. 



WHAT MUST BE DOCUMENTED?

In order to reproduce results



Reproducibility crisis

18



The Scientific Method in Empirical AI Research



Documentation

ÅMethod (text): Description of AI method 
(system/algorithm), study design, experiment
description - human to human, abstract concepts.

Å Data: Represents the world the AI method operates in. 
Used for testing hypotheses.

Å Experiment (software): AI method code + experiment
code + experiment setup + HW + SW + analysis code



Degree of Reproducibility





QUANTIFYING REPRODUCIBILITY



Quantifying Reproducibility



(Gundersen, Kjensmo, AAAI, 2018)

A Normalized Metric



WHAT WE GAIN



We Can Specify How Well Research is 

Documented

ExperimentMethod Data

(Gundersen, Kjensmo, AAAI, 2018)



We Can Measure Improvement

(Gundersen, Kjensmo, AAAI, 2018)



We Can Compare Research: Papers

(Gundersen et al, forthcoming)



We Can Compare Research: Conferences

(Gundersen, Kjensmo, AAAI, 2018)



We Can Compare Research: Groups

(Gundersen, AI Magazine, forthcoming)

Method Data Experiment

Academia versus Industry



We Can Compare Software Frameworks

(Isdahl and Gundersen, forthcoming)



We Could Empirically Find What Entails Well-

Documented Research



Compute the Likelihood of Success?

34



We Can Set the Bar Based on What We Want to 

Achieve

35



HOW WELL IS AI RESEARCH 

DOCUMENTED?

CASE STUDY



Experiment I

ÅWe surveyed 400 papers.

Å100 papers from each installment of AAAI 2014, 

AAAI 2016, IJCAI 2013 and IJCAI 2016.

ÅSix reproducibility metrics proposed for quantifying 

the reproducibility.

(Gundersen, Kjensmo, AAAI, 2018)



Degree of Reproducibility



Results I: Factors and Variables

ExperimentMethod Data

(Gundersen, Kjensmo, AAAI, 2018)



Results II: Reproducibility Degree

(Gundersen, Kjensmo, AAAI, 2018)



Results III: Change over Time

(Gundersen, Kjensmo, AAAI, 2018)



Results IV: Industry vs Academia

(Gundersen, AI Magazine, forthcoming)

Method Data Experiment



Results V: Industry vs Academia

(Gundersen, AI Magazine, forthcoming)



CAUSES OF IRREPRODUCIBILITY

PART 2



45 (M. Baker, Nature, 2016)



46 (M. Baker, Nature, 2016)



Deep Reinforcement Learning that Matters

(Henderson et al, AAAI 2018, 2018)

ÅNon-determinism in 
standard 
benchmark
environments and 

ÅVariance intrinsic
to the method

ÅCause
irreproducible
results.



Deterministic Implementations for 

Reproducibility in DRL

(P. Nagarajan, G.  Warnell, P. Stone, AAAIRAI 2019)

ÅNon-determinism in 
training process. 

Å Deterministic
implementation of Q-
learning.

ÅMeasure impact of
different sources of
nondeterminism. 

Å Different sources
have huge impact on
performance.



Are GANs created equal?

(Lucic, M., Kurach, K., Michalski, M., Gelly, S., & Bousquet, O., NIPS2017)

Å Study on models and 
evaluation measures. 

Å Most models can
reach same 
performance given 
hyperparameter
optimization and 
random restarts. 

Å Suggests more 
systematic and 
objective evaluation
procedures.


