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Some Comparisons
Based on worked Bayesian examples with raw data. Classical analysis 

compared to Bayesian results.

Surgical Deaths (baby heart surgeries)

• 12 hospitals, record the number of deaths and the total number of 
surgeries.

Estimate the 
mortality rate for 
baby heart 
surgery.



4/13/2015

2

Approach 1 – Random sample of 12 hospitals

• One approach is to calculate the mortality rate at each hospital and 
use standard parametric statistics to describe the mean and SD.

Approach 1 – Random sample of 12 hospitals

• One approach is to calculate the mortality rate at each hospital and 
use standard parametric statistics to describe the mean and SD.
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Approach 1 – Random sample of 12 hospitals

• Problem: It treats all hospitals equally, even though we have 810 
surgeries at one hospital and 47 at another.

Approach 2 – Sum of all data

• If we sum the mortality from all hospitals and divide by the total 
surgeries, we get an estimate of the mortality rate (this is the MLE).

How do we calculate a STD and CI
for this single number??

If we assume that mortality rate is constant 
across hospitals (and thus all 2814 surgeries 
are independent and identical), we can use 
the Binomial Distribution!
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Approach 2 – Sum of all data

Binomial Distribution

SE = SQRT { (( p* (1 – p))/ n) }
SE = 0.49%

Estimate = 7.39%
L95 = 6.42%
U95 = 8.36%

Comparison:

Estimate = 7.39%
L95 = 6.42%
U95 = 8.36%

Comment: We could do some math to calculate extra-binomial variability
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Comparison:
Estimate = 7.39%

L95 = 6.42%
U95 = 8.36%

Hospital Deaths Surgery Rate SE L95 U95 OUTSIDE z
1 0 47 0.0% 3.8% -0.1% 14.9% ~ -1.94
2 18 148 12.2% 2.2% 3.2% 11.6% *** 2.22
3 8 119 6.7% 2.4% 2.7% 12.1% -0.28
4 46 810 5.7% 0.9% 5.6% 9.2% ~ -1.86
5 8 211 3.8% 1.8% 3.9% 10.9% *** -2.00
6 13 196 6.6% 1.9% 3.7% 11.1% -0.41
7 9 148 6.1% 2.2% 3.2% 11.6% -0.61
8 31 215 14.4% 1.8% 3.9% 10.9% *** 3.94
9 14 207 6.8% 1.8% 3.8% 11.0% -0.35

10 8 97 8.2% 2.7% 2.2% 12.6% 0.32
11 29 256 11.3% 1.6% 4.2% 10.6% *** 2.41
12 24 360 6.7% 1.4% 4.7% 10.1% -0.53
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The model then becomes:
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General MCMC Diagnostics

After the simulation, the xyplot shows no obvious upward 
or downward trends in the trace plot.

These are traces of the MCMC
values. Typically the initial
1000 or 2000 are thrown 
away as a burn in period.

(We might talk about
MCMC and the  Metropolis

Hastings a bit)
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In addition, the acfplot
shows that the auto-correlation 
converges to zero.
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Final Comparisons:
Estimate L95 U95

12 rates 7.37 4.93 9.82

Pooled Binomial 7.39 6.42 8.36

Bayesian Hierarchical 7.29 5.33 9.40

1-way ANOVA
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1-Way ANOVA

Effects Coding Dummy Coding

Dummy Variable Regression
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Bayesian

Bayesian
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Linear Model in R

Compare
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Final Comparison:

Estimate L95 U95

Alpha 40.35 30.16 51.03

Beta2 -15.37 -30.55 -0.78

Beta3 -10.90 -4.06 25.56

Estimate L95 U95

Alpha 40.33 27.62 53.04

Beta2 -15.33 -30.24 -0.43

Beta3 -10.83 -4.07 25.74

Systat Linear Model Bayesian in R

Linear Regression
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Linear Regression

Linear Regression
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Bayesian Linear Regression

Bayesian Linear Regression
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Bayesian Linear Regression

Bayesian Linear Regression
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Bayesian Linear Regression

Final Comparison:

Estimate L95 U95

Alpha 3.487 3.427 3.546

Beta .0757 .0712 .0801

Estimate L95 U95

Alpha 3.491 3.432 3.550

Beta .0754 .0711 .0798

Systat Linear Model Bayesian in R
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Sarah’s PhD research
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