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Reproducibility and Open Science
' Are research synthesis reproducible?
' Adapting research synthesis to open science

| Challenges and future directions &

Conclusions
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Reproducibility and Open Science

HAVE YOU FAILED TO REPRODUCE IS THERE A REPRODUCIBILITY CRISIS?
AN EXPERIMENT?

Most scientists have experienced failure to reproduce results. 7% 2%

Don’t know Yes, a significant crisis

® Someone else's My own 3% \
No, there is no

crisis

Chemistry

Physics and I . researchers
engineering R surveyed

Medicine e RS SRS S e
e 389, -
: : : : YeS, a SI'ght R
Earth and : _ crisis
environment : ; : 3 5 : f 5 5 :

il Baker, M. (2016) 1,500 scientists lift the lid on
B R R reproducibility. Nature 533, 452-454 (2016).
hitps://doi.org/10.1038/533452a



Reproducibility and Open Science

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

* Process reproducibility
« Outcome reproducibility

Open science promotes the sharing of research data,

materials, and methods to foster collaboration, scrutiny,
and advancement of knowledge
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Systematic Reviews and Meta-

Analysis

Research

Synthesis

Systematic
Review

Meta-Analysis

Summarize past empirical
research that addresses
related hypotheses for
drawing generalizations

A set of systematic and
replicable search methods
used to identify a body of

relevant evidence

A set of statistical models
used to combine
quantitative information
from multiple sources of
evidence
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Systematic Reviews and Meta-
Analysis

Research

Systematic Meta-Analysis

Review

Synthesis

!

Inform evidence-based practice, policy guidance, and future research directions

Homework Class size
Cooper, H., Robinson, J. C., & Patall, E. A. (2006). Does Filges, T., Sonne-Schmidt, C. S., & Nielsen, B. C. V. (2018).
homework improve academic achievement? A synthesis of Small class sizes for improving student achievement in
research, 1987-2003. Review of Educational Research, primary and secondary schools: A systematic review.

76(1), 1-62. hitps://doi.org/10.3102/00346543076001001  Campbell Systematic Reviews, 14(1), 1-107. https:// doi.
org/ 10. 4073/ csr. 2018. 10
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Are Systematic Reviews and Meta-

Analyses Reproducible?

1. Problem Formulation 3. Screening 5. Appraisal

7N VYN

J

AN

2. Literature Review

%J

4. Data Extraction

Z N

6. Synthesis

/. Reporting
g
— )
: i



Are Systematic Reviews and Meta-

Analyses Reproducible?

Literature Review

Elson, M., & Ferguson, C. J. (2014). Twenty-five years of
research on violence in digital games and aggression:
Empirical evidence, perspectives, and a debate gone astray.
European Psycholog:sf 19(1), 33-46.

https://doi.org/10. 1027/1016-9040/a000147

Bushman, B. J., & Huesmann, L. R. (2014). Twenty-five years
of research on violence in dlgltal games and aggression
revisited: A reply to Elson and Ferguson (2013). European

Psychologist, 19(1) 47 -55. https://doi. org/101027/1016
9040/0000164



https://doi.org/10.1027/1016-9040/a000164
https://doi.org/10.1027/1016-9040/a000164
https://doi.org/10.1027/1016-9040/a000147

Are Systematic Reviews and Meta-
Analyses Reproducible?

Screening

Anderson CA, Shibuya A, lhori N, Swing EL, Bushman BJ,
Sakamoto A, Rothstein HR, Saleem M.. Violent video game
effects on aggression, empathy, and prosocial behaviour in
Eastern and Western countries: A meta-analytic review.

Psychol Bull. 2010;136:151-73. doi:10.1037/a0018251.24




Are Systematic Reviews and Meta-
Analyses Reproducible?

Data Extraction

Gatzsche, P. C., Hrébjartsson, A., Maric, K., & Tendal,
B. (2007). Data extraction errors in meta-analyses that
use standardized mean differences. JAMA, 298(4),
430-437. https://doi.org/10.1001 /jama.298.4.430




Are Systematic Reviews and Meta-
Analyses Reproducible?

Synthesis

Pietschnig, J., Gerdesmann, D., Zeiler, M., & Voracek,
M. (2022). Of differing methods, disputed estimates
and discordant interpretations: the meta-analytical
multiverse of brain volume and IQ associations. R. Soc.

Open Sci.9211621

r =0.10 to 0.3/




“It may be that meta-analyses are not capable of
answering big questions due to issues of
methodological flexibility which introduce exactly
the type of subjectivity they were designed

to avoid.”

(Fergusson, 2014, p.1)
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Improving Reproducibility in Systematic
Reviews and Meta-Analysis

MARS

APA Style JARS

Journal Article Reporting Standards

JARS—Quant | Table 9
Quantitative Meta-Analysis Article Reporting Standards
Information Recommended for Inclusion in Manuscripts Reporting Quantitative Meta-Analyses

Title and Title Page

Title

« State the research question and the type of research synthesis (e.g., narrative synthesis,
meta-analysis).

Author Note

List all sources of monetary and in-kind funding support; state the role of funders in
conducting the synthesis and deciding to publish the results, if any.

+ Describe possible conflicts of interest, including financial and other nonfinancial interests.
+ Give the place where the synthesis is registered and its registry number, if registered.
Provide the name, affiliation, and e-mail address of the corresponding author.

Abstract

Objectives

« State the research problems, questions, or hypotheses under investigation.

Eligibility Criteria
+ Describe the characteristics for inclusion of studies, including independent variables

(treatments, interventions), dependent variables (outcomes, criteria), and eligible
study designs.

Methods of Synthesis

+ Describe the methods for synthesizing study results, including
- statistical and other methods used to summarize and to compare studies
- specific methods used to integrate studies if a meta-analysis was conducted
(e.g., effect-size metric, averaging method, the model used in homogeneity analysis)

Results

«+ State the results of the synthesis, including

number of included studies and participants, and their important characteristics

results for the primary outcome(s) and moderator analyses

- effect size(s) and confidence interval(s) associated with each analysis if a meta-analysis
was conducted

Conclusions

«+ Describe strengths and limitations of the evidence, including evidence of inconsistency,
imprecision, risk of bias in the included studies, and risk of reporting biases.

2020 American Psychological Association

www.apastyle.org/jars

Problem

« State the question or relation(s) under investigation, including

historical background, including previous syntheses and meta-analyses related to the topic
theoretical, policy, and/or practical issues related to the question or relation(s) of interest
populations and settings to which the question or relation(s) is relevant

rationale for (a) the choice of study designs, (b) the selection and coding of outcomes,
and (c) the selection and coding of potential moderators or mediators of results

psychometric characteristics of outcome measures and other variables

Objectives

« State the hypotheses examined, indicating which were prespecified, including

- question in terms of relevant participant characteristics (including animal populations),
independent variables (experimental manipulations, treatments, or interventions), ruling
out of possible confounding variables, dependent variables (outcomes, criterion), and
other features of study designs
method(s) of synthesis and, if meta-analysis was used, the specific methods used
to integrate studies (e.g., effect-size metric, averaging method, the model used in
homogeneity analysis)

Protocol

+ List where the full protocol can be found (e.g., a supplement), or state that there was no
protocol. State that the full protocol was published (or archived in a public registry) or that
it was not published before the review was conducted.

Inclusion and Exclusion Criteria

Describe the criteria for selecting studies, including

independent variables (e.g., experimental manipulations, types of treatments or
interventions, or predictor variables)

dependent variable (e.g., outcomes, in syntheses of clinical research including both
potential benefits and potential adverse effects)

eligible study designs (e.g., methods of sampling or treatment assignment)
handling of multiple reports about the same study or sample, describing which are
primary, and handling of multiple measures using the same participants

restrictions on study inclusion (e.g., by study age, language, location, or report type)

JARS-Quant | Table 9 | Page1of 3 ‘

PRISMA

4 .
a0 PRISMA 2020 Checklist

Section and
Topic Checklist item
TITLE
Title 1 l Identify the report as a systematic review.
ABSTRACT
Abstract 2 l See the PRISMA 2020 for Abstracts checklist.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge.
Objectives 4 | Provide an explicit statement of the objective(s) or question(s) the review addresses.
METHODS
Eligibility criteria Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used.
Selection process 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data items 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any
assumptions made about any missing or unclear information.
Study risk of bias 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data
conversions.
13c | Describe any methods used to tabulate or visually display results of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
13e | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
13f | Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.

<sessment
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Improving Reproducibility in Systematic
Reviews and Meta-Analysis

A Reproducible Meta-Analysis of the Effect of Violent
Video Game Play on Aggressive Behaviour

Search
strategy

Information
sources

Eligibility
criteria
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Improving Reproducibility in Systematic

Reviews and Meta-Analysis

Data extraction
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Coding Reference NMale NFemale |Experimental] SMD
0 Blackwell et al. (2007) 44 50 1 0,3
1 Blackwell et al. (2007) 44 50 1 0,4
2 Blackwell et al. (2007) 44 50 1 0,2

Analyses

Fixed-effects

Random-effects

Effect size dependencies
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Improving Reproducibility in Systematic

Reviews and Meta-Analysis

Improving the reporting
standards in systematic
reviews and meta-analyses
can significantly enhance
the reproducibility of
research findings

Identification of studies via databases and registers

Records removed before
screening:
Duplicate records removed
(n=)
Records marked as ineligible
by automation tools (n =)
Records removed for other
reasons (n =)

Records excluded**

(n=)

Reports not retrieved

(n=)

Reports excluded:
Reason 1 (n =)
Reason 2 (n =)
Reason 3 (n =)
etc.

[

)
c
L
§ Records identified from*:
= Databases (n =)
c Registers (n =)
s
Records screened
(n=)
Reports sought for retrieval
o [ (=)
7=
o
: !
o
(77}
Reports assessed for eligibility
(n=)
\——/
‘S
s Studies included in review
3| | =)
S Reports of included studies
c

(n=)




Open Science Reforms



https://unsplash.com/@gallarotti?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

Protocols and Pre-Registration

The study eligibility, screening, and coding
procedures as well as the analytic model should
be specified before conducting the systematic
review and meta-analysis

RESEARCH ARTICLE Open Access

Analysis of decisions made in meta-analyses of
depression screening and the risk of confirmation
bias: A case study

Felicity A Goodyear-Smith"", Mieke L van Driel***, Bruce Arroll" and Chris Del Mar*

('a.)
- Reduces analytical flexibility 0.0
« Get early feedback OPEN SCIENCE




Open Materials

Making components of the research methodology
needed to reproduce the reported procedure and
analysis publicly available

- Search Syntax

RESEARCH ARTICLE Open Access

Analysis of decisions made in meta-analyses of

o Coding schemes depression screening and the risk of confirmation
bias: A case study

Felicity A Goodyear-Smith"", Mieke L van Driel***, Bruce Arroll" and Chris Del Mar*

- Analyses scripts

Z

rmarkdown




Open Data

« Erroneous calculations of effect sizes Meta-

Search

Results Analytic

Data

 Inconsistent calculation of effect sizes

 Incorrectinclusion of effect sizes

« Enable researchers to detect outcome
reproducibility failures

« Enable re-use of data to update a review or i
answer other research questions . *\, | Metalab

« Enables cumulative meta-analysis

Lakens, D., Hilgard, J. & Staaks, J. (2016). On the reproducibility of meta-analyses:
six practical recommendations. BMC Psychol 4, 24. https://doi.org/10.1186/s40359-
016-0126-3



https://doi.org/10.1186/s40359-016-0126-3
https://doi.org/10.1186/s40359-016-0126-3
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Challenges and Future Directions

i

Screening Search Eligibility Background
Procedure

& Coding

Methods

Independent Variable

Funding -

Protocol -

Population -
Outcomes -

Published

Databases -
Terms -
Dates -

Author Contact -

Abstract
Full Text
Coding -

Effect-Size Type -
Data Handling
Dependent Data -
Model -

Weighting -

Percentage Reported

N

Search Bias

Results

Summary

Statistics

Reproducibility

Publication Bias -

Number Found -

Number Coded -

Sample Size -
Means and SDs -
Other Data -
Effect Size

Moderators -

Supplemental -

Statistical Code -

25

50 75 100
Percentage Reported

Polanin, J. R., Hennessy, E. A., & Tsuji, S. (2020). Transparency and Reproducibility of Meta-Analyses in
Psychology: A Meta-Review. Perspectives on psychological science : a journal of the Association for

Psychological Science, 15(4), 1026-1041. hitps://doi.org/10.1177/1745691620906416
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Challenges and Future Directions
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Polanin, J. R., Hennessy, E. A., & Tsuji, S. (2020). Transparency and Reproducibility of Meta-Analyses in
Psychology: A Meta-Review. Perspectives on psychological science : a journal of the Association for

Psychological Science, 15(4), 1026-1041. hitps://doi.org/10.1177/1745691620906416
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Synthesis of Complex Effect Sizes

« Mediation effects
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» Factor loadings

T

Campos, D. G., Cheung, M. W., & Scherer, R. (2023). A primer on synthesizing individual participant data obtained
from complex sampling surveys: A two-stage IPD meta-analysis approach. Psychological methods,
10.1037/met0000539. Advance online publication. https://doi.org/10.1037 /met0000539



Challenge H#A4

Al Systematic Reviews

» Black box algorithms

« Data biases

» Reproducibility of Al workflows






https://unsplash.com/@oulashin?utm_content=creditCopyText&utm_medium=referral&utm_source=unsplash

A Brief Recap

« Systematic reviews and meta-analyses dare central to informing
practice, policy, and research

» During the reviewing process, resedrchers make several decisions
that can result in conflicting outcomes

» Adopting reproducibility and open science practices is central
to ensuring the credibility of systematic reviews and meta-
analyses

» Emerging methodological approaches and technological
advancements are posing a challenge to the replicability of
systematic reviews and meta-analyses



Practical Recommendations

» Adhere to reporting standards: Follow PRISMA or MARS
standards

» Pre-register: Pre-register the research synthesis protocol

 Facilitate quality control: Specify analyses to estimate effect
sizes and who extracted and coded the data

 Facilitate reproducibility: Provide search syntax, coding
schemes, reproducible scripts, and meta-analytic data



"It is arguable that systematic review and meta-

analysis exist as research techniques because of
the transparency of primary research.

Without the transparency of research design,
sample and measurement characteristics, and

summary statistics, the meta-analyst would have
little information to synthesize.”

(Polanin, et al., 2020, p.1027)
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Meta-Analysis Failure?

a Meta-analysis (m) and replication (O) estimates
Oppenheimer et al. (2009)%* L -
Tversky & Kahneman (1 981)39 : AP L
Husnu & Crisp (2010)* 1 L ' »
Schwarz et al. (1991)41 ] PP .
Hauser et al. (2007)*
Critcher & Gilovich (2008)* { L
Graham et al. (2009)** - o h—t—=
Jostmann et al. (2009)*
Monin & Miller (2001) : R
Schooler & Engstler-Schooler (1990)*7 - LL IR
Sripada et al. (2014)* , . - R
Rand et al. (2012)*° R o
Strack et al. (1988)° - S DR
Srull & Wyer (1979)°" 1 e it
Mazar et al. (2008)°2 I
05 ~0.25 0 0.25 0.5 0.75 1 1.25

Effect sizes (95 and 99.5% CI)

Kvarven, et al., (2020)




Five selfish reasons to work reproducible

. Making your data open and transparent helps you and your co-authors

to spot errors that might undermine your resulits.

2. The new automated methods make the paper easier to write.

3. If anyone can see how you analyzed your data, convincing reviewers

that you did the right thing is easier.

4. Openly documenting every step of the analysis helps you continue your

work a few months later.

5. Making everything available shows the scientific community that you

have nothing to hide and have done everything in good faith.

Markowetz, F. (2015).



