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Outline

• Power and Sample Size Concepts
– Null and alternative hypotheses

– Critical values, alpha levels, power, effect size

• Power and Sample Size Using Stata
– Built-in power methods

– Power by simulation

– Sample size by simulation

• Group Sequential Designs
– Introduction to GSDs

– Simulation-based GSDs



Research Question

• Does our novel chemotherapy shrink tumors?

• Outcome: Tumor Shrinkage Rate (TSR)

TSR = (𝐷𝑏 − 𝐷𝑎)/(𝐷𝑏 × ) × 100% 𝑡
𝐷𝑏 is the longest diameter of the tumor before treatment
𝐷𝑎 is the longest diameter after treatment
 is the time elapsed in days𝑡

image: Journal of Pharmacology & Clinical Research, licensed under CC BY 4.0



Null and alternative hypotheses
• H0: TSR = 0,    Ha: TSR > 0

• Conduct a z-test with known SD

 

• Test statistic

 

• xi  = observed TSR for participant i
μ0 = TSR under H0 

σ  = standard deviation (known)
n  = sample size

z=
X̄ −μ0
σ /√n



Critical Value and Alpha Level
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α = Pr(z > Critical Value | H0 is true) 

Graph courtesy of Chuck Huber, StataCorp



Distribution Under the Alternative

Graph courtesy of Chuck Huber, StataCorp

effect size δ



Critical Value and Power
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Graph courtesy of Chuck Huber, StataCorp

power = Pr(z > Critical Value | Ha is true) 



Alpha Level and Power

• Alpha Level:
– The probability of rejecting the null hypothesis 

assuming that the null hypothesis is true.

• Statistical Power: 
– The probability of rejecting the null hypothesis 

assuming that the alternative hypothesis is true.



Solve for Power
• User must specify:

– Alpha
• One-sided or two-sided
• Often 0.05 or 0.01 for two-sided tests
• We will conduct an upper one-sided test at the 0.025 level

– Sample size
• Often dictated by funding
• We will use n=50

– Effect size
• Difference between hypothesized parameter values
• Can be scaled or unscaled (specify SD if unscaled)
• We will use δ=0.5 and σ=1



Power calculation in Stata



Power calculation in Stata



Power calculation by simulation



Power calculation by simulation



Create a power usermethod command



Run power onemeansim



MC Error

SE ( ^power )=√ power∗(1− power )
reps



Sample size calculation by simulation



Customize output with an initializer



Customize output with an initializer



Use power to calculate sample size by simulation



Use power to calculate sample size by simulation (continued)



Use power to calculate sample size by simulation (continued)



Use power to calculate sample size by simulation (continued)



Customize output with an initializer



Calculate sample size by simulation



Fixed Sample Design vs Group Sequential Design 
or: how I learned to stop worrying and accept the null 



Fixed Sample Design vs Group Sequential Design 
or: how I learned to stop worrying and accept the null 



GSD in action

From https://youtu.be/hO2qW1NLrMk?si=gXsB8zDkAmq9K2IE by Meghan Cain, StataCorp


https://youtu.be/hO2qW1NLrMk?si=gXsB8zDkAmq9K2IE


gsdesign syntax



gsdesign syntax (continued)



GSD by simulation



GSD by simulation (continued)



GSD with futility bounds



Code from all slides available upon request
aasher@stata.com
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