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Who has taken a course that was focused on sampling 
methods and sample size calculations?



Outline

• Hypothesis Testing
• Power Analysis
• Required Information for Power Analysis
• Different Types of Effect Sizes
• Power Analysis via Software
• Power Analysis via Simulations
• Resources
• Summary



My General Process for Sample Size or Power Calculations

Examine aims, 
hypotheses, 
and key 
variables.

Think about 
how the key 
variables are 
collected.

Develop an 
analysis plan.

Determine 
values needed 
for power 
analysis and 
inform 
collaborators.

Conduct the 
power 
analysis.



Hypothesis Testing

• Hypotheses are stated clearly.
- Null Hypothesis (e.g. no difference among groups/arms)
- Alternative Hypothesis (e.g. difference among groups)

• Compute test statistic from data.

• Compare test statistic to a critical value.

• Reject or fail to reject null hypothesis.



Hypothesis Testing

(Kim, 2015)



Power Analysis

• Power analysis is the calculation that is used to determine the minimum sample 
size needed for a research study. 

• Power analysis is conducted before the study begins.

• To compute the power or sample size, you will need:
- Null and alternative hypotheses
- The statistical method that will be used to test the null hypothesis
- Effect size or variability
- Statistical significance level (α = 0.05)
- Either sample size or power (opposite of what you are solving for)

• Power is traditionally set at 80%



Keep in mind…

• Grant proposals includes several hypotheses depending on the number of aims.
- Calculations for the sample size or power are based on the primary hypothesis.

• You can include a sample size calculation or power analysis for secondary 
hypotheses.
- Secondary hypothesis may only be tested using a subset of the sample or a 

different sample from the primary hypothesis. 

• Sample size can be dependent on the budget of the proposed study. 
- How many study participants can we have based on the budget?

• There is not one simple formula for computing a power analysis.



Obtaining the Values Required for a Power Analysis

• Investigators should provide statisticians with the values required for the power 
analysis.

• Values can come from:
- Pilot Study
- Literature Review
- Cohen’s recommendations



Things to consider…

• Are the values given for the power analysis consistent with how the primary 
outcome and primary variable(s) will be measured?

• You may need to utilize a meta-analysis method to get an overall effect size.

• Does the power analysis need to account for dropouts?



Common Effect Sizes

(Sullivan & Feinn, 2012)



Cohen’s Other Effect Sizes

• Cohen’s w – effect size for Chi-Squared tests

• Cohen’s h – effect size for comparing two independent proportions

• Cohen’s 𝑓𝑓2 – effect size for F-test from ANOVA or multiple regression



Power Calculations via Software

• Power Analysis & Sample Size (PASS)
• R: pwr package
• SAS: PROC POWER & PROC GLMPOWER
• SPSS
• G*Power
• nQuery+nTerim4.0
• Stata: sampsi, fpower, powerreg, aipe



Example 1 – Finding the Sample Size 

• Research Objective - To clinically validate the use of a biomarker that correctly 
identifies patients with pain.
- Biomarker based on white blood cells count
- Pain measured through conditioned pain modulation (CPM)

• Hypotheses
- Null: Sensitivity = 60%
- Alternative: Sensitivity = 80%

• Statistical analysis plan included computing the sensitivity between the two 
measures.



Example 1 – Finding the Sample Size

• Effect size for sensitivity is determined by the values of the prevalence of pain 
and by the values of sensitivity under the hypotheses.

• I came across a peer-reviewed publication (Bujang & Adnan, 2016) that 
computed multiple sample size calculation scenarios using PASS.
- Power ≥80%
- Various levels of alpha, prevalence, and sensitivity under the hypotheses



Bujang & Adnan, 2016



Example 1 – Finding the Sample Size

Prevalence of 
Pain

Sensitivity –
Under the Null 
Hypothesis

Sensitivity- Under 
the Alternative 
Hypothesis

Minimum Sample 
Size for Cases of 
Pain

Minimum Total 
Sample Size

20% 60%
80%

45 225
70% 155 775

30% 60% 45 150
70% 155 517



Power Calculations via Simulations 

• Power analyses conducted using options from standard software may not be 
suitable for complex study designs 

• Power calculations via simulations can be useful when conducting a power 
calculation that is not standard.



General Steps for Power Calculations via Simulations 

• Step 1 – Generate random data from the distribution with the properties that 
you expect.

• Step 2 – Conduct the statistical analysis that you have planned to do.

• Step 3 – Store the p-value for the statistical test of interest (β=0).

• Step 4 – Repeat steps 1-3 many times (e.g. 1000).

• Step 5 – Compute power by averaging the number of times the p-value ≤ 0.05.



Resources – Power Analysis for Animal Studies



Resources – RNA-Seq Power Analysis



Resources – Mediation Analysis with Longitudinal Data 



Summary

• Research questions and hypotheses must be well defined.

• Power analyses are based on the primary hypothesis.

• Sample size can be dependent on the budget of the proposed study. 

• Many factors that can impact power.
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Thank You!
Email: lutfiyya.muhammad@northwestern.edu
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