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"Science is the best thing that has happened to human beings ... but we can do it better."

John Ioannidis

https://en.wikipedia.org/wiki/John_Ioannidis


The smaller the studies conducted in a 

scientific field

The smaller the effect sizes in a scientific field

The greater the number and the lesser the 

selection of tested relationships in a scientific 

field

The greater the flexibility in designs, 

definitions, outcomes, and analytical modes 

in a scientific field

The greater the financial and other interests 

and prejudices in a scientific field

The hotter a scientific field (with more 

scientific teams involved)

the less likely the 

research findings are to 

be true.



Metascience, also known as meta-research, research on research, the science of science - is the use of scientific 

methodology to study science itself.

Metascience seeks to increase the quality of scientific research while reducing inefficiency.

Metascience uses research methods to study how research is done and what improvements can be made.

What is Metascience?



“Rhumba of R’s”  - what constitutes scientific integrity (Steward, 2016)

Replication - testing the reliability of a prior finding with different data.

● Replication has long been established as a key practice in scientific research (Fidler & Wilcox, 2018; 

Schmidt, 2009).

● It plays a critical role in controlling the impact of sampling error, questionable research practices, 

publication bias and fraud

Robustness - testing the reliability of a prior finding using the same data and a different analysis strategy

Reproducibility - testing the reliability of a prior finding using the same data and the same analysis strategy

Rigor - following good scientific practices and avoiding bad



State of affairs in different fields

Findings are limited to those fields that investigated replicability 

(e.g., psychology, economics, neurology, cancer research, pharmacology, philosophy, physics, political 

science).



State of affairs in different fields

Initiative to replicate spinal-cord-injury research in independent 

laboratories

2 successful replications out of 12 targeted studies

Primary outcomes of 14 out of 17 (82%) randomized control 

trials (RCTs) published in The BMJ or PLOS Medicine 

successfully reproduced.



State of affairs in different fields

Experimental Economics Replication Project: initiative to replicate 

prominent findings in experimental economics in independent 

laboratories

61% of findings successfully replicated
Key findings of 22 of 59 (approx. 37%) published 

economics papers (when authors had access to study data) 

were reproduced.



State of affairs in different fields

Majority of its studies have less than 50% probability 

of detecting the phenomenon under investigation. 



State of affairs in different fields

Reproducibility Project: Cancer Biology: an initiative to replicate 

prominent findings in cancer biology

Of 12 replications:

4 reproduced important parts of the original article,

4 replicated some parts of the original article but not others,

2 were not interpretable, and

2 did not replicate the original findings

Social Sciences Replication Project: an initiative to replicate 21 

social-science findings in Science and Nature

13 studies (62% of findings) successfully replicated



State of affairs in different fields

Amgen (Thousand Olaks, CA) - In an attempt to develop 

treatments for different types of tumors, 53 landmark studies 

published in biomedical journals were replicated in course of 10 

years - Only 6 (11%) were successfully replicated.

Bayer HealthCare (Germany) in 2011 reported that only about 

25% of published preclinical studies could be validated to the 

point at which projects could continue.

Source: Begley, C. G., & Ellis, L. M. (2012). Raise standards for preclinical cancer research. Nature, 483(7391), 531-533.



State of affairs in different fields

Initiative to replicate prominent findings in experimental philosophy in 

independent laboratories

78% of findings successfully replicated

Only 4 out of 24 articles (17%) were reproducible without author 

assistance.



27.6% of failures are due to flawed study design

25.5% to data analysis and reporting,

10.8% to poor laboratory protocols

36.1% poor tools - subpar biological reagents and reference materials are used

Why these results matter?

Source: Freedman, L. P., Cockburn, I. M., & Simcoe, T. S. (2015). The economics of reproducibility in preclinical research. PLoS Biology, 13(6), e1002165.

Published estimates of irreproducibility in preclinical 

research range from 51% to 89%.

Data from 2012: an estimated US$114.8B in the US is 

spent annually on life sciences research 

(pharmaceutical industry 61.8%

Of this amount, an estimated US$56.4B (49%) is spent 

on preclinical research.

Approximately US$28B/year is spent on research that 

cannot be replicated (conservative cumulative 

irreproducibility rate).



Estimates are that the cost of irreproducibility has probably gone up since 2015.

The American pharmaceutical industry spent an estimated $83 billion on research and development in 2019 

(Congressional Budget Office, 2021).

If 50% is irreproducible $40 billion in US only and about $90 billion globally each year.

Why these results matter?



Can we improve state of affairs and how?



Evidence says: 

YES



Collaborative research

Source: Makel, M. C., Smith, K. N., McBee, M. T., Peters, S. J., & Miller, E. M. (2019). A Path to Greater Credibility: Large-Scale Collaborative Education Research. AERA Open, 5(4). 

https://doi.org/10.1177/2332858419891963

https://doi.org/10.1177/2332858419891963


Examples of good collaborative research

Around 10,000 visiting scientists from over 113 countries, 

which represent half of the world’s particle physicists, come 
to CERN for their research. They represent 580 universities 

and over 85 nationalities. The construction and operation 

budget contributions are proportional to the GDP of each of 

the member states.

Laser Interferometer Gravitational-Wave Observatory (LIGO) is a 

facility for gravitational-wave research.  It consists of researchers 

from California Institute of Technology (Caltech) and the 

Massachusetts Institute of Technology (MIT), and collaborators from 

the over 80 scientific institutions world-wide that are members of 

the LIGO Scientific Collaboration

http://www.ligo.org/


Examples of good collaborative research

This group is a cooperation between the world's ice research centers on all 

matters concerning sea ice and icebergs. Presently, IICWG has member 

organizations from 11 countries and provides a forum for coordination of 

research activities on ice matters, including icebergs, and acts as an advisory 

body for the relevant international sea organizations and programs. 

The efforts of several laboratories located in several countries to complete an initial 

sequencing of the human genome. Its goal is to determine the sequence of 

nucleotide base pairs that make up human DNA and to map all the genes of the 

human genome.

It remains the world's largest collaborative biological project. A large number of 

discoveries and publications have emerged from this project, due in part to the 

public availability of the data.



Psychology offered some new solutions for 

improvement of science



2010’s is a decade of crisis (Giner-Sorolla, 2019)

Subsequent analyses showed that:

● selective reporting of analyses and studies was almost certainly 
going on (Schimmack, 2012),

● Even multi-study papers have a problem for inference 
(Simmons, Nelson & Simonsohn, 2011)

● Research are almost exclusively evaluated by p-value 
thresholds, ignoring statistical power and effect sizes 
(Cumming, 2014).



2010’s is a decade of revolution (Spellman, 2015)

Changes in the standards by which psychological science is evaluated:

● greater emphasis on transparency and openness,

● a move toward preregistration of research,

● more direct-replication studies, and

● higher standards for the quality and quantity of evidence needed to make strong scientific claims.



2010’s is a decade of renaissance (Nelson et al., 2015)

Milestones:

Simmons et al (2011) published a paper “False-Positive Psychology” reporting the surprisingly severe consequences of selectively reporting data and 
analyses, i.e., p-hacking.

Daniel Kahneman circulated email calling for researchers to resolve the debate by conducting systematic replications - after Doyen et al., (2012) 
failed to replicate one of the most famous findings in social psychology, that priming people with elderly stereotypes made them walk more slowly 
(Bargh et al. 1996).

Brian Nosek organized several replication efforts in 2011 and together with Jeffrey Spies developed Open Science Framework platform in 2012, and 
Center for Open Science in 2013.



Reproducibility Project: Psychology (RP:P)

A large-scale, collaborative effort to obtain an initial estimate of the 

reproducibility of psychological science.

We replicated 100 experimental and correlational studies published in three 

flagship journals using high-powered designs and original materials when 

available.

● 97% of original studies had significant results (P < .05).

Criteria for evaluating reproducibility: p-value, effect sizes, subjective 

assessments of replication teams, and meta-analysis of effect sizes.

Source: Open Science Collaboration (2015). Science, 349, 6251, doi: 10.1126/science.aac4716

https://doi.org/10.1126/science.aac4716


RP:P

Mean effect size (r) of the replication effects (Mr = 0.197, SD = 

0.257) - half the magnitude of the mean effect size of the 

original effects (Mr = 0.403, SD = 0.188), representing a 

substantial decline.

● 36% of replications had significant results;

● 47% of original effect sizes were in the 95% confidence 

interval of the replication effect size;

● 39% of effects were subjectively rated to have 

replicated the original result;

● if no bias in original results is assumed, combining 

original and replication results left 68% with 

statistically significant effects.

Replication success was better predicted by the strength of 

original evidence than by characteristics of the original and 

replication teams.

Source: Open Science Collaboration (2015). Science, 349, 6251, doi: 10.1126/science.aac4716

https://doi.org/10.1126/science.aac4716


Many Labs 2 - Investigating Variation in Replicability Across Samples and Settings

We conducted pre-registered replications of 28 classic and contemporary 

published findings.

Protocols were peer reviewed in advance, to examine variation in effect 

magnitudes across samples and settings.

Each protocol was administered to approximately half of 125 samples that 

comprised N = 15,305 participants from 36 countries and territories.

Source: Klein RA, Vianello M, Hasselman F, et al. (2018). Many Labs 2: Investigating Variation in Replicability Across Samples and Settings. Advances in Methods and Practices in Psychological Science, 1(4), 

443-490. doi:10.1177/2515245918810225

https://doi.org/10.1177/2515245918810225


Many Labs 2

15 (54%) of the replications provided evidence of a statistically 
significant effect in the same direction as the original finding - using 
the conventional criterion of statistical significance (p < .05)

14 (50%) of the replications still provided such evidence, a reflection 
of the extremely high-powered design - with a strict significance 
criterion (p < .0001)

7 (25%) of the replications yielded effect sizes larger than the original 
ones, and 21 (75%) yielded effect sizes smaller than the original ones

The median comparable Cohen’s ds were 0.60 for the original findings 
and 0.15 for the replications.

The effect sizes were small (< 0.20) in 16 of the replications (57%), and 
9 effects (32%) were in the direction opposite the direction of the 
original effect.

Source: Klein RA, Vianello M, Hasselman F, et al. (2018). Many Labs 2: Investigating Variation in Replicability Across Samples and Settings. Advances in Methods and Practices in Psychological Science, 1(4), 

443-490. doi:10.1177/2515245918810225

https://doi.org/10.1177/2515245918810225


Many Labs 3: Evaluating participant pool quality across the academic semester via 

replication

20 laboratories attempted to replicate 10 psychology findings at different times of the semester

This crowdsourced project examined time of semester variation in 10 known effects, 10 individual differences, and 

3 data quality indicators over the course of the academic semester in 20 participant pools (N = 2696) and with an 

online sample (N = 737). 

3 of 10 findings replicated; most unaffected by time of semester

Source: Ebersole, C. R., Atherton, O. E., Belanger, A. L., Skulborstad, H. M., Allen, J. M., Banks, J. B., ... & Nosek, B. A. (2016). Many Labs 3: Evaluating participant pool quality across the academic semester via 

replication. Journal of Experimental Social Psychology, 67, 68-82. https://doi.org/10.1016/j.jesp.2015.10.012

https://doi.org/10.1016/j.jesp.2015.10.012


Many Labs 5: Testing Pre-Data-Collection Peer Review as an Intervention to 

Increase Replicability

We selected 10 replication studies from the RP:P (OSC, 2015) for which 

the original authors had expressed concerns about the replication 

designs before data collection.

Commenters suggested that lack of adherence to expert review and 

low-powered tests were the reasons that most of these RP:P studies 

failed to replicate the original effects.

We revised the replication protocols and received formal peer review 

prior to conducting new replication studies.

We administered the RP:P and revised protocols in multiple 

laboratories.

Source: Ebersole, C.R., Mathur, M.B., Baranski, E., et al. (2020). Many Labs 5: Testing Pre-Data-Collection Peer Review as an Intervention to Increase Replicability. Advances in Methods and Practices in 

Psychological Science, 3(3), 309-331. doi:10.1177/2515245920958687



Many Labs 5

Revised protocols produced effect sizes similar to those of the RP:P 

protocols (Δr = .002 or .014, depending on analytic approach).

The median effect size for the revised protocols (r = .05) was similar 

to that of the RP:P protocols (r = .04) and the original RP:P 

replications (r = .11), and smaller than that of the original studies (r = 

.37).

Source: Ebersole, C.R., Mathur, M.B., Baranski, E, et al. (2020). Many Labs 5: Testing Pre-Data-Collection Peer Review as an Intervention to Increase Replicability. Advances in Methods and Practices in Psychological Science, 3(3), 309-331. 

doi:10.1177/2515245920958687



Using prediction markets to improve science 



Idea proposed by Hanson (1995) to overcome major problems in academia (publish or 

perish; mainstream theories and ideas favorized; strong hierarchical organization where 

those on the top get all the credit; publications, grants and tenures are evaluated mostly 

for investigating what is accepted as mainstream, etc.) 

Hanson proposes market-based alternative (“idea-futures”) where scientists more 
formally can stake their reputation if not doing good science, and where incentives are 

not offered for academics mainly for telling a good story, rather than for being right. 

Prediction markets

Hanson, R. (1995). Could gambling save science? Encouraging an honest consensus. Social Epistemology, 9(1), 3–33. doi:10.1080/02691729508578768 



Information about replication outcomes can be elicited from the research community (Camerer et al., 2016, 2018; Dreber et al., 2015; 

Forsell et al., 2018) - forecasting the outcomes of hypothetical replications can help assessing replication probabilities without 

requiring the resources for actually conducting replications.

Dreber et al. (2015) - Prediction markets are able to quickly identify findings that are unlikely to replicate, they predict the outcomes 

of replications well and outperform a survey of individual forecasts.

The Defense Advanced Research Projects Agency (DARPA) programme ‘Systematizing Confidence in Open Research and Evidence' 
(SCORE) aims to generate confidence scores for a large number of research claims from empirical studies in the social and behavioural 

sciences (Gordon et al., 2020).

● Quantitative assessment of how likely a claim will hold up in an independent replication

● A small subset of the claims (about 5%) is assessed through replication, and the replication outcomes are used to evaluate the 

accuracy of the confidence scores.

● The research claims are sampled from studies published during a 10 year period (2009–2018) across 60 journals from a 

number of academic disciplines.

DARPA SCORE



DARPA-SCORE

(b) Expected replication rates differ between fields, with the highest 
replication rate in economics (average survey response 58%), and the lowest in 
psychology and in education (average survey response of 42% for both fields).

Source: Gordon, M., Viganola, D., Bishop, M., Chen, Y., Dreber, A., Goldfedder, B., ... & Pfeiffer, T. (2020). Are replication rates the same across academic fields? Community forecasts from the DARPA SCORE programme. Royal Society Open 

Science, 7(7), 200566. https://doi.org/10.1098/rsos.200566

(a) Results show that participants expect replication rates to increase 

over time, from 43% in 2009/2010 to 55% in 2017/2018 due to recent 

methodological changes in the social and behavioural sciences having 

positive impact on replication rates.

https://doi.org/10.1098/rsos.200566


DARPA-SCORE

(b) Difference of evaluation of a field by in-field and out-field participants (in per cent points). Participants with interest in 
economics predict a higher replication rate for this field compared to participants with no interest in economics. For 
other fields, such an effect is not observed. Points and error bars indicate the mean ± 1 s.d.

Source: Gordon, M., Viganola, D., Bishop, M., Chen, Y., Dreber, A., Goldfedder, B., ... & Pfeiffer, T. (2020). Are replication rates the same across academic fields? Community forecasts from the DARPA SCORE programme. Royal Society Open 

Science, 7(7), 200566. https://doi.org/10.1098/rsos.200566

(a) In-field versus out-of-field responses. Participants predict a 

higher replication rate for their fields of interest, as compared 

to other fields.

https://doi.org/10.1098/rsos.200566


How can we motivate researchers to practice 

open and credible science?



Open science and Incentives for researchers

Incentives for scientists – why should I spend my valuable time 

to share the data, code, materials, etc.?

Making data publicly available is time-consuming!

Open Practice Badges are incentives for researchers to share 

data, materials, or to pre-register their work.

They are designed to be displayed on published articles to show 

that authors have engaged in these open practices.

https://cos.io/our-services/open-science-badges/




Badges to acknowledge open science practices

Beginning January 2014, Psychological Science gave authors the opportunity to signal open data and materials 

if they qualified for badges that accompanied published articles.

Analyzed journals:

● Psychological Science (PSCI; N = 838) - respected journal that publishes empirical research from any 

area of psychology

● Journal of Personality and Social Psychology (JPSP; N = 419),

● Journal of Experimental Psychology: Learning, Memory, and Cognition (JEPLMC; N = 483),

● Developmental Psychology (DP; N = 634), and

● Clinical Psychological Science (CPS; N = 104).

We examined the entire population of empirical articles from the target and comparison journals (N = 2,478).

A total of 220 additional articles published in these journals between 2012 and May 2015 are not part of this 

corpus because they were not reports of empirical research (i.e., editorials, theoretical reviews, 

commentaries).



Do open science badges really work?

Source: Kidwell M. C., Lazarević, L. B  et al. (2016). Badges to acknowledge open practices: a simple, low-cost, effective method for increasing transparency. PLoS Biology, 14, e1002456. (doi:10.1371/journal.pbio.1002456)

Reportedly available data Actually available data

http://dx.doi.org/10.1371/journal.pbio.1002456


Do open science badges really work?

Source: Kidwell M. C., Lazarević, L. B  et al. (2016). Badges to acknowledge open practices: a simple, low-cost, effective method for increasing transparency. PLoS Biology, 14, e1002456. (doi:10.1371/journal.pbio.1002456)

Actually available materialsReportedly available materials

http://dx.doi.org/10.1371/journal.pbio.1002456


Do open science badges really work?

● However, badges are not panacea - although sharing rates increase dramatically, researchers still do not use 
this as much as they could be used and do not share materials and (especially) data. 

● Hardwicke et al., (2021) - evaluated analytic reproducibility in 25 PSCI papers after badges were introduced
○ 36% reproducible without requesting input from original authors 
○ 24% reproducible with original authors involvement
○ 12% not fully reproducible with no substantive author response
○ 12% not fully reproducible despite original authors involvement
○ Non-reproducibility was primarily caused by unclear reporting of analytic procedures.
○ Open data alone is not sufficient to ensure analytic reproducibility.

“Badges are simple, effective signals to promote open practices and 
improve preservation of data and materials by using independent 

repositories.“ (Kidwell, Lazarevic et al., 2016).



Do mandatory open-data policies work? 

Cognition journal - mandatory open data policies introduced in March 1, 2015. 
● Data availability was almost 100% after the evaluation period 

● Reusability reached 75% 

● Analytic reproducibility -Prior to requesting assistance from original authors, reproducibility success rate of 

just 31%, but with original author assistance it increases to 63% (37% could not be reproduced even with 

author assistance). 

Mandatory open data policies can increase the frequency and quality of data sharing.

However, suboptimal data curation, unclear analysis specification and reporting errors can impede analytic 

reproducibility, undermining the utility of data sharing and the credibility of scientific findings.



Pre-registration



Pre-registration - what it is and why we should do it?

Pre-registration of an analysis plan - committing to analytic steps without advance knowledge of the research 
outcomes (Nosek et al., 2018).

The analysis plan is posted on an independent registry such as https://clinicaltrials.gov/ or https://osf.io/.

The registry preserves the preregistration and makes it discoverable

Observed (collected) data do not influence selection of the analytical tests - analytical strategy is known in 
advance.

Pre-registration distinguishes analyses and outcomes that result from predictions from those that result from 
postdictions.

Example 1

Example 2

https://clinicaltrials.gov/
https://osf.io/
https://osf.io/pnugm
https://clinicaltrials.gov/study/NCT05808660


Pre-registration

Researchers claimed that pre-registering studies is a major step toward greater research credibility (Munafò et al., 2017, Nosek et al., 
2018).

Strømland (2019) - Experimental economy 
● In absence of preregistration effect sizes are inflated and replications overestimate statistical power.
● pre-registration improves estimation of effect sizes and therefore reproducibility

Van der Akker et al. (2023) - Psychology - Comparison of 193 studies that earned a Preregistration Challenge prize or pre-registration 
badge to 193 related studies that were not pre-registered.

● preregistration increases statistical power and impact, but robust evidence that preregistration prevents p-hacking and 
HARKing were not found

Pre-registration increases confidence that the reported confirmatory analyses were not cherry-picked from a broader set - decreases 
p-hacking

Pre-registration decreases misinterpreting exploratory results as confirmatory ones – i.e., Hypothesizing After Results are Known, or 
“HARKing” (Kerr, 1998). 

Pre-registration does not guarantee that every published finding will be true, but without it you can safely bet that many more will be 
false (Simmons et al., 2021)

https://www.sciencedirect.com/science/article/pii/S0167487018302903#b0120
https://www.sciencedirect.com/science/article/pii/S0167487018302903#b0130
https://www.sciencedirect.com/science/article/pii/S0167487018302903#b0130
https://www.sciencedirect.com/topics/mathematics/effect-size


Open science and teaching 



Open science and teaching

Learning students about good scientific practices has 
impact on the scientific field!

The Collaborative Replications and Education Project

(CREP; http://osf.io/wfc6u) is a framework for 
undergraduate students to participate in the production of 
high-quality direct replications

CREP’s primary purpose is educational: to teach students 
good scientific practices by performing direct replications 
of highly cited works in the field using open science 
methods. 

http://osf.io/wfc6u


Take home message

Refusal to publish new tests of of published ides as unoriginal influences scientific progress

Incentives for individual scientists prioritize novelty over replication - thus, influencing the credibility of scientific 

findings.

Credible science is possible only when we have evidence-based assessment of the quality of research and critically 

evaluate them.

Innovation

Innovative ideas are pivotal for scientific progress, but they can become old news fast

what is possible

Replication what is likely

Scientific progress



Thank you

ljiljana.lazarevic@f.bg.ac.rs

mailto:ljiljana.lazarevic@f.bg.ac.rs

