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Overview

 RepliSims Project

 MacKinnon et al. (2004)

 Replication Process

 Factors that Hindered Replication

 Factors that Facilitated Replication

 Recommendations to Improve Replicability
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RepliSims Project

Published in Royal Society 

Open Science (Luijken et 

al., 2024)

8 teams of researchers

8 replicated studies

Criteria:

Published after 2000

Greater than 1000 

citations
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https://replisims.org/

https://replisims.org/


MacKinnon et al. (2004)

Compared confidence intervals (CIs) for 
the indirect effect constructed using 9 
methods:

z critical values

M critical values

Empirical M method

Jackknife

Percentile bootstrap

Bias-corrected bootstrap

Bootstrap-t

Boostrap-Q

Monte Carlo
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MacKinnon et al. (2004)

Outcomes:

Type I error rate/power

CI balance/width

Findings:

M critical values result in more balanced 

CIs than z critical values

In order of increasing type I error 

rate/power and decreasing CI width:
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Percentile bootstrap

Bootstrap-t

Monte Carlo

z critical values

Jackknife
Bias-corrected 

bootstrap

M critical values

Empirical M method

Bootstrap-Q



Replication Process

1.) Recreate data generating process

2.) Recreate methods

3.) Rerun simulation

4.) Compare results to original findings
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1.) Recreate Data Generating Process

Manipulated Factors

 Sample sizes

 Effect sizes

Fixed Factors
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2.) Recreate Methods

Equations

Programs

Specific Settings

 Confidence levels
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Replication Process: Summary of Steps 1-2
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3.) Rerun Simulation

Software

Iterations

Seed Values
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4.) Compare Results to Original Findings

Recreate tables/figures

Find metrics to compare results/identify differences

 Bradley’s (1978) Liberal Robustness Criterion (0.0125 – 0.0375)
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Replication Process: Summary of Step 4

Findings:

M critical values result in more balanced 

CIs than z critical values

In order of increasing type I error 

rate/power and decreasing CI width:
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Percentile bootstrap

Bootstrap-t

Monte Carlo

z critical values

Jackknife
Bias-corrected 

bootstrap

M critical values

Empirical M method

Bootstrap-Q
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Replication Process: Summary of Step 4

Findings:

M critical values result in more balanced 

CIs than z critical values

In order of increasing type I error 

rate/power and decreasing CI width:

12

Percentile bootstrap

Bootstrap-t/-Q

Monte Carlo

z critical values

Jackknife
Bias-corrected 

bootstrap
M critical values

✓



Factors that Hindered Replication

Broken/Outdated Links

Unclear Information

 Methods Implementation

 Error Handling

Paywalls
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Led to increased “replicator degrees of freedom”



Factors that Facilitated Replication

Explicitly stated 

simulation conditions

Provided equations or 

instructions for many 

methods used
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Recommendations to Improve 

Replicability

Be Specific/Explicit About:

 Data generation

 Method implementation

 Error handling

 Results

 Use supplemental material if necessary

Use Permanent Links:

 Upload materials/code to repository (e.g., OSF)
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Questions?
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Mediation Analysis

23

Afterschool Math Program Math Exam Grades

Afterschool Math Program Math Exam Grades

Math 

Reasoning Skills

ො𝑎 ෠𝑏

X

M

Y



ො𝑎 ෠𝑏

“the indirect effect”

Indirect Effect in Mediation Analysis

How to test indirect effect for statistical significance?

Distribution of ෝ𝒂 Distribution of ෝ𝒂 ෡𝒃Distribution of ෡𝒃
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Bootstrapping

Original Sample

Bootstrap Sample 1 Bootstrap Sample 2
25

ො𝑎 ෠𝑏

ො𝑎 ෠𝑏1
∗ ො𝑎 ෠𝑏2

∗
Bootstrap Sample B

ො𝑎 ෠𝑏𝐵
∗

…



Bootstrapping

26ො𝑎 ෠𝑏1
∗ ො𝑎 ෠𝑏2

∗ ො𝑎 ෠𝑏𝐵
∗

, , …,



Bootstrapping

6ො𝑎 ෠𝑏1
∗ ො𝑎 ෠𝑏2

∗ ො𝑎 ෠𝑏100
∗

, , …,



Bootstrapping

6ො𝑎 ෠𝑏1
∗,     ො𝑎 ෠𝑏2

∗,     ො𝑎 ෠𝑏3
∗,     ො𝑎 ෠𝑏4

∗,     ො𝑎 ෠𝑏5
∗, ො𝑎 ෠𝑏96

∗ , ො𝑎 ෠𝑏97
∗ , ො𝑎 ෠𝑏98

∗ , ො𝑎 ෠𝑏99
∗ , ො𝑎 ෠𝑏100

∗…,



ො𝑎 ෠𝑏97 
∗ , ො𝑎 ෠𝑏3 

∗ , ො𝑎 ෠𝑏1 
∗ , ො𝑎 ෠𝑏100

∗ , ො𝑎 ෠𝑏5 
∗ , …, ො𝑎 ෠𝑏4 

∗ , ො𝑎 ෠𝑏2 
∗ , ො𝑎 ෠𝑏98 

∗ , ො𝑎 ෠𝑏99 
∗ , ො𝑎 ෠𝑏96

∗

Bootstrapping
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100 Bootstrap Indirect Effects

Order from Smallest to Largest

95% Percentile Bootstrap 

Confidence Interval (PBCI)

(Efron & Tibshirani, 1993)

2.5th percentile 97.5th percentile

ො𝑎 ෠𝑏1 
∗ , ො𝑎 ෠𝑏2 

∗ , ො𝑎 ෠𝑏3 
∗ , ො𝑎 ෠𝑏4 

∗ , ො𝑎 ෠𝑏5 
∗ , …, ො𝑎 ෠𝑏96 

∗ , ො𝑎 ෠𝑏97 
∗ , ො𝑎 ෠𝑏98 

∗ , ො𝑎 ෠𝑏99 
∗ , ො𝑎 ෠𝑏100

∗

ො𝑎 ෠𝑏97 
∗ , ො𝑎 ෠𝑏3 

∗ , ො𝑎 ෠𝑏1 
∗ , ො𝑎 ෠𝑏100

∗ , ො𝑎 ෠𝑏5 
∗ , …, ො𝑎 ෠𝑏4 

∗ , ො𝑎 ෠𝑏2 
∗ , ො𝑎 ෠𝑏98 

∗ , ො𝑎 ෠𝑏99 
∗ , ො𝑎 ෠𝑏96

∗



Bootstrapping

30

Percentile Bootstrap 

Confidence Interval (PBCI)

(Stine, 1989)

(Efron & Tibshirani, 1993)

(Chen & Fritz, 2021)

(Tibbe & Montoya, 2022)

Bias-Corrected Bootstrap 

Confidence Interval (BCBI)
30% Winsorized Bias-

Corrected Bootstrap 

Confidence Interval 

(WBCBI)

Reduced Bias-

Corrected Bootstrap 

Confidence Interval 

(rBCBI)

Significance-Tested Bias-

Corrected Bootstrap 

Confidence  Interval 

(stBCBI)

ො𝑎 ෠𝑏97 
∗ , ො𝑎 ෠𝑏3 

∗ , ො𝑎 ෠𝑏1 
∗ , ො𝑎 ෠𝑏100

∗ , ො𝑎 ෠𝑏5 
∗ , …, ො𝑎 ෠𝑏4 

∗ , ො𝑎 ෠𝑏2 
∗ , ො𝑎 ෠𝑏98 

∗ , ො𝑎 ෠𝑏99 
∗ , ො𝑎 ෠𝑏96

∗

ො𝑎 ෠𝑏97 
∗ , ො𝑎 ෠𝑏3 

∗ , ො𝑎 ෠𝑏1 
∗ , ො𝑎 ෠𝑏100

∗ , ො𝑎 ෠𝑏5 
∗ , …, ො𝑎 ෠𝑏4 

∗ , ො𝑎 ෠𝑏2 
∗ , ො𝑎 ෠𝑏98 

∗ , ො𝑎 ෠𝑏99 
∗ , ො𝑎 ෠𝑏96

∗
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