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Data: 𝒙 = (𝒙𝟏, … , 𝒙𝒊, … , 𝒙𝒏), 𝒚 = (𝒚𝟏, … , 𝒚𝒋, … , 𝒚𝒎)

Model: 𝑿𝒊 ~ 𝑵(μ, σ𝟐), 𝒀𝒋 ~ 𝑵(μ + α, σ𝟐)

Standardized Effect Size: δ ≔ Τα σ

Paramters: μ, σ𝟐, δ

Bayes Factor

Priors: μ ~ 𝒄𝒐𝒏𝒔𝒕, σ𝟐 ~ Τ𝟏 σ𝟐

Hypotheses: 𝑯𝟎: δ = 𝟎 vs.  𝑯𝟏: δ|σ
𝟐~𝑵(μδ, σδ

𝟐)

Bayes Factor: 

𝑩𝑭 =
𝒇 𝒙, 𝒚 μ, σ𝟐, δ π δ|σ𝟐 π σ𝟐 π μ 𝒅σ𝟐 𝒅μ 𝒅δ

 𝒇 𝒙, 𝒚 μ, σ𝟐, δ = 𝟎 π σ𝟐 π μ 𝒅σ𝟐 𝒅μ

Specification of Hyperparamters: μδ, σδ
𝟐

Robust Bayes Factor

Imprecise Hyperparameters: μδ ∈ μδ, μδ , σδ
𝟐 ∈ σδ

𝟐, σδ
𝟐

Imprecise Hypotheses: 𝑯𝟎: δ = 𝟎 vs.  𝑯𝟏: δ|σ
𝟐 ~𝓜

𝓜 = 𝑵 μδ, σδ
𝟐 μδ ∈ μδ, μδ , σδ

𝟐 ∈ σδ
𝟐, σδ

𝟐

Robust Bayes Factor:  𝒓𝑩𝑭 = 𝑩𝑭,𝑩𝑭

𝑩𝑭 = min
𝑵 μδ,σδ

𝟐 ∈𝓜
𝑩𝑭

𝑩𝑭 = max
𝑵 μδ,σδ

𝟐 ∈𝓜
𝑩𝑭

Example (fictitious)

Prior: 𝓜= 𝑵 μδ, σδ
𝟐 μδ ∈ 𝟎, 𝟎. 𝟓 , σδ

𝟐 ∈ 𝟎. 𝟓, 𝟑

The parameters are not independent of each other.
For the depicted context, this is rather umproblematic.

Interpretation:
The data (𝒙, 𝒚) are 𝑩𝑭 times as much evidence for 𝑯𝟏 than for 𝑯𝟎. 

Interpretation:

The data (𝒙, 𝒚) are 𝑩𝑭 to 𝑩𝑭 times as much evidence for 𝑯𝟏 than for 𝑯𝟎. 

For this context, the Bayes Factor can be calculated by a closed formula. 
[Gönen et al. 2005]

Problem: A precise hyperparameter specification is rarely possible.

Solution: Allow an interval-valued hyperparameter specification.

The alternative hypothesis states that δ is distributed in accordance with
the (vaguely available) knowledge about δ.

Sometimes the evidence is ambiguous, but then „it seems wisest just to
conclude that there is no answer; more evidence is needed to solve the
ambiguity.“ [Berger 1990, p. 307]

Analysis 1
𝒏 = 𝒎 = 𝟏𝟎,   𝒓𝑩𝑭 = 𝟎. 𝟔𝟕, 𝟏. 𝟓𝟎

Analysis 2
𝒏 = 𝒎 = 𝟑𝟎,   𝒓𝑩𝑭 = 𝟎. 𝟏𝟖, 𝟎. 𝟒𝟐

Gender differences in recurrence rates of major depression.
[van Loo et al. 2017] 
The risk of recurrence is expressed by a score for women (𝒀) and men (𝑿).
𝓜 captures reasonable hyperparameter choices.
𝑯𝟎 represents no gender difference.
𝑯𝟏 represents higher recurrence rates for women than for men.

Analysis 1:
The data are 0.67 to 1.50 times as much
evidence for 𝑯𝟏 than for 𝑯𝟎.

There is no unambiguous evidence and more
data are collected.

Analysis 2:
The data are 1/0.42 = 2.4 to 1/0.18 = 5.5 
times as much evidence for 𝑯𝟎 than for 𝑯𝟏.

The data are (slightly) favoring the hypothesis
of similar recurrance rates.


