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Bayesian Hypothesis Testing

• Requires specification of both H0 and H1

• vs. NHST requiring only H0

• Bayes factors
• Compares models via prior predictive performance



Bayesian Hypothesis Testing

Alternative hypothesis vs. null hypothesis

H1 :

H0 :

Probability of the data under H0

Probability of the data under H1

Prior distribution Prior predictive distribution



Bayesian Hypothesis Testing



Bayesian Meta-Analyses (Normal-Normal Model)

Population mean effect μ

Between-study heterogeneity τ

Four possible models:



Bayesian Model-Averaged Meta-Analysis



Hinne, M., Gronau, Q. F., van den Bergh, D., & Wagenmakers, E. J. (2020). A conceptual introduction to Bayesian model averaging. Advances in Methods and Practices in Psychological Science

“There is additional 
heterogeneity!”
(Random effects models)

“Only sampling 
variability!”
(Fixed effects models)

“No effect here!”
(Null hypothesis 
models)



Hinne, M., Gronau, Q. F., van den Bergh, D., & Wagenmakers, E. J. (2020). A conceptual introduction to Bayesian model averaging. Advances in Methods and Practices in Psychological Science



Hinne, M., Gronau, Q. F., van den Bergh, D., & Wagenmakers, E. J. (2020). A conceptual introduction to Bayesian model averaging. Advances in Methods and Practices in Psychological Science

“There is additional 
heterogeneity!”
(Random effects models)

“Only sampling variability!”
(Fixed effects models)

“No effect here!”
(Null hypothesis models)

“The treatment works!”
(Alternative hypothesis models)



Bayesian Model-Averaged Meta-Analysis



Bayesian Model-Averaged Meta-Analysis

Inclusion Bayes factors:

Gronau, Q. F., Heck, D. W., Berkhout, S. W., Haaf, J. M., & Wagenmakers, E. J. (2021). A primer on Bayesian 

model-averaged meta-analysis. Advances in Methods and Practices in Psychological Science, 4(3)

Bartoš, F., Gronau, Q. F., Timmers, B., Otte, W. M., Ly, A., & Wagenmakers, E. J. (2021). Bayesian 

model‐averaged meta‐analysis in medicine. Statistics in Medicine, 40(30)



Bayesian Model-Averaged Meta-Analysis

Model-averaged posterior distributions:

Gronau, Q. F., Heck, D. W., Berkhout, S. W., Haaf, J. M., & Wagenmakers, E. J. (2021). A primer on Bayesian 

model-averaged meta-analysis. Advances in Methods and Practices in Psychological Science, 4(3)

Bartoš, F., Gronau, Q. F., Timmers, B., Otte, W. M., Ly, A., & Wagenmakers, E. J. (2021). Bayesian 

model‐averaged meta‐analysis in medicine. Statistics in Medicine, 40(30)



Binomial-Normal Model

Population mean effect μ

Between-study heterogeneity τ

Random-effects γ

Baseline probability β



Prior Distributions



Training Data Set



Prior Distributions for log OR



Prior Distributions for log HR



Test Data Set









Example: 
Adverse effects of honey in treating acute cough in children

Two studies with the comparison honey and no treatment on the presence
of nervousness, insomnia, hyperactivity

Honey condition: 5/35, 2/40 events

No treatment: 0/39, 0/40 events

Frequentist analysis: OR = 9.40, 95% CI [1.16, 76.20], 𝑧 = 2.10, 𝑝 = 0.04

Oduwole, O., Udoh, E. E., Oyo‐Ita, A., & Meremikwu, M. M. (2018). Honey for acute cough in children. Cochrane Database of Systematic Reviews, (4).



> library("RoBMA")

> fit <- BiBMA(
x1 = events_experimental,
x2 = events_control,
n1 = observations_experimental,
n2 = observations_control,
priors_effect = prior(distribution="t", parameters=list(location=0, scale=0.48, df=3)),
priors_heterogeneity = prior(distribution="invgamma", parameters=list(shape=1.67, scale=0.45)),
seed = 1)

> summary(fit, conditional = TRUE, output_scale = "OR")

Bayesian model-averaged meta-analysis (binomial-normal model)
Components summary:              

Models Prior prob. Post. prob. Inclusion BF
Effect           2/4       0.500       0.725        2.630
Heterogeneity    2/4       0.500       0.564        1.296

Model-averaged estimates:     
Mean Median 0.025  0.975

mu  3.389  1.642 0.842 15.143
tau 0.420  0.158 0.000  2.594

Conditional estimates:    
Mean Median 0.025  0.975

mu  4.242  2.261 0.781 17.613
tau 0.747  0.426 0.097  3.233
The effect size estimates are summarized on the OR scale and heterogeneity is summarized on the logOR scale 
(priors were specified on the log(OR) scale).





Conclusions

• Differentiating between absence of evidence vs. evidence of absence

• Incorporating uncertainty about the specified model

• Incorporating historical knowledge

• Better convergence properties

• Sequential updating of evidence



Thank You for Your Attention

• Preprint: https://arxiv.org/abs/2306.11468

• R-package: https://cran.r-project.org/package=RoBMA

• JASP: https://jasp-stats.org/
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https://cran.r-project.org/package=RoBMA
https://jasp-stats.org/

