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Conclusion

Many clinical studies report summary statistics 
such as the median, quartiles, and range in 
boxplots, rather than providing sample means and 
standard deviations, which are crucial for meta-
analyses. 

To bridge this gap, we propose a novel Bayesian 
approach that utilizes the joint distribution of 
order statistics and weakly informative priors to 
estimate the mean and standard deviation while 
also quantifying uncertainty. Ultimately, our 
method enhances the reliability of quantitative 
synthesis in clinical research.

Estimation Accuracy (RMSE)
ü Our method remains competitive among 

top methods across all scenarios (S1–S3)
ü Shows consistently low RMSE, especially for 

estimating σ

Robustness
ü Stable performance across small sample 

sizes, skewed or heavy-tailed distributions, 
and the presence of outliers

ü Robust estimation of σ across all scenarios 
and competitive performance for μ

Uncertainty Quantification
ü Provides credible intervals for both μ and σ, 

which is not available in any other methods
ü Coverage rate consistently greater than 

0.95 across all scenarios, ensuring reliable 
interval estimates — critical for clinical data 
applications

Bayesian Framework
Ø Bayesian approach enables the integration 

of new clinical datasets as priors
Ø Posterior updating without re-running all 

simulations
Ø Efficient incorporation of historical 

evidence

Ø Extend to varying treatment effect 
measures in meta-analyses

Ø Develop customized methods for the 
other skewed distributions

Ø Enhance real-world applicability when data 
deviate from normality
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We specify the prior of 𝜇 and 𝜎$ as:
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The lower and upper bound was set for 𝜇 to a safe range 
and 𝛼 = 𝛽 = 0.01 for 𝜎$. With 2-dimensional grid 
approximation, we can get our estimates for 𝜇 and 𝜎, 
denoted as <𝑥 and �̂�.
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Results

n = sample size        𝑆+  = Scenario 𝑖
a = the minimum value 	
𝑞( = the first quartile      𝑆, = {�̅�, 𝑠; 𝑛}
m = the median        𝑆( = {𝑎,𝑚, 𝑏; 𝑛}
𝑞- = the third quartile      𝑆$ = {𝑞(, 𝑚, 𝑞-; 𝑛}
b = the maximum value     𝑆- = {𝑎, 𝑞(, 𝑚, 𝑞-, 𝑏; 𝑛}

Let 𝑥(, 𝑥$, … , 𝑥. be a random sample of size 𝑛 from 
the normal distribution Ν(𝜇, 𝜎$), and 𝑋 ( ≤
𝑋 $ ≤ ⋯ ≤ 𝑋(.) be the ordered statistics of 
𝑥(, 𝑥$, … , 𝑥.. For simplicity, let 𝒏 = 𝟒𝒒 + 𝟏, with 
𝑞 being positive integer.

Figure 1 Illustration of the data structure for the 
case n=4q+1 across all three scenarios.
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Figure 2 Relative Mean Square Error of the sample mean and sample standard deviation 
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RMSE value indicates better performance.
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Figure 3 Relative Mean Square Error of the sample mean and sample standard deviation 
estimation for skewed data (Robustness Testing).


