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What Will I Talk About?

Sample-size and power
Types of study designs
Power for one-group before-after design
Power for two-group follow-up design
Power for longitudinal & Cluster-
randomized designs
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Sample size and power
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Basic principle

Primary emphasis should be on 
formulating the main question…
…not on computations as such.
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You can…

Estimate the sample size based on:
1. The power of a statistical test, or
2. The width of a confidence interval.
I will emphasize (1)
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Power and Sample Size

Power = the probability of 
correctly rejecting the null 
hypothesis 

= the probability that the 
test will detect a specified 
true difference (effect size)

Power increases as the effect size or 
the sample size increases
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Sample Size Estimation

Choose one of the intended 
analyses.
Simplify it for the purpose of 
estimating the sample size.
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Example: Binary Outcome

Two-group randomized trial:
drug vs.placebo

Outcome: the patient is cured or not
Intended analysis is logistic regression with 
several covariates

For power analysis, simplify to:
Null hypothesis: the probability of being cured 
is the same for the two groups
Alternative hypothesis: they are not 
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Example: Continuous Outcome

Two-group randomized trial – new drug 
vs.standard

Reduction in SBP
Intended analysis is multiple linear regression 
with several covariates

For power analysis, simplify to:
Null hypothesis: the mean SBP reduction is 
the same for the two groups
Alternative hypothesis: they are not
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Factors involved in computation

Significance level (α)
Power (1 – β)
Sample size
Variability (SD = standard deviation)
Expected mean difference
Effect size (ES) combines variability & 
mean difference:

ES = |mean difference|/SD
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Effect size issues

Using pilot data to establish
• Kraemer et al. (2006) – “Not recommended.”
• Too unreliable.

How big an effect size? – Cohen’s rules of 
thumb (Cohen 1988):

• .2 = Small
• .5 = Medium
• .8 = Large



Afifi & Comulada - Power&SS 12

Example of Effect Size (ES)

Child CBCL (Achenbach & Rescorla, 2001 )

•Normative mean = 5.2, SD = 5.8
•ES = .50 (medium according to 
Cohen) 

•Equivalent to = .50 * 5.8 =  2.6 
points on the CBCL scale
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Study Designs
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Three Design Types

Randomization?  
Manipulation of 
Exposure/Treatment? Yes No 

Yes EXPERIMENT QUASI 
EXPERIMENT 

No — OBSERVATIONAL 
STUDY 
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One-group: 
before-after design

A group of subjects is followed for change 
in outcome status; 
the outcome variable, usually continuous, 
is compared:

before versus after the intervention.  
Each subject serves as his or her own 
control; 

there is no separate control group.  
Comparison of treatments is represented 
simply by contrasting times (before vs. 
after the intervention begins).  
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Experiments - Two-group Design: 
Follow up

Subjects are followed after randomization for 
changes in the outcome variable, such as

• disease occurrence, recurrence, death, clinical 
improvement, or complications.

Distribution of the outcome variable is compared 
between assigned treatment groups (intention-
to-treat analysis).  
If the intervention has an effect, we expect the 
average changes in outcome observed for the 
experimental and control groups to differ from 
each other.
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Power for one-group 
before-after design
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Continuous Outcome Example

Y = Brief Symptom Inventory
• Change between baseline and follow-up

Intend to use multiple linear regression of 
change on several covariates
Simplify to: paired t-test
Power analysis in PASS (Hintze et al. 2004)
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Specify values in PASS

Use α = 0.05, power = 1 – β = 0.80
Effect Size = 0.1 to 0.8
Find N
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Choose program
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Choose Values
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Output
N vs Mean1 with Mean0=0.0 S=10.0 Alpha=0.05

Power=0.82 T Test
N

Mean1

0

200

400

600

800

0 2 4 6 8
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Adjusting for loss to 
followup

Estimate the proportion of subjects you 
expect to lose contact with, say a 
proportion p.
Adjust by dividing by (1 - p).
Ex: you need 400 subjects and expect 
30% loss to followup (p = 0.3). You need 
to recruit 

400/(0.7) = 571.4 subjects,
round up to 572 subjects.
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Categorical Outcome Example

Y = proportion of protected sex acts
• Change between baseline and follow-up 

Intend to use multiple logistic regression of 
change on several covariates 
Simplify to : McNemar’s test
• Assume outcome is dichotomous

• 100% protected sex (Yes/No)

Power analysis in PASS 
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Data setup

No Yes

No N11 N12

Yes N21 N22

N

B
as

el
in

e

Follow-up

Engaged in 100% protected sex
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Specify values in PASS
Use α = 0.05, power = 1 – β = 0.80
Proportion of discordant pairs = .50

= (N12 + N21) / N
Proportion of sample changing between baseline and 
follow-up

Difference in proportion of discordant pairs       
= 0.1 to .5
Find N
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Choose program
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Choose Values
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Output
N vs Diff with P.D.=0.500 Alpha=0.050 2-Sided McNemar

Test

N

Diff

0

100

200

300

400

500

0.1 0.2 0.3 0.4 0.5
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Longitudinal two-group design
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Two situations

1. Longitudinal two-group design
• individual randomized

2. Longitudinal two-group design
• cluster randomized 
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Example for individual-randomized design

Y = Brief Symptom Inventory (BSI)
• 4 time points

Intend to use mixed-effect regression to test 
effect of 2-arm intervention on BSI, adjusting 
for demographics
Simplify to: change in slope of mean BSI over 
time between 2 intervention groups
Power analysis in RMASS2 (Hedeker et al. 
1999)
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Specify values in RMASS2
Use α = 0.05, power = 1 – β = 0.80
Effect Size = .4
Time points = 4
Sample size ratio = 1
Attrition (drop out)

Specified as a percent
Assume none for example
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Type of correlation between repeated 
observations, 

• Specify random effect or autoregressive 
structure and specify rho (higher = 
more power)

Mean difference or effect size
• Effect size easiest, set SD to 1 and ES, 

e.g., .40
• or, set SD = 10, ES = 4

Additional specifications shown in screen 
shots
Find N for each intervention arm

Specify values (continued)
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Choose values
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Choose Values (continued)



Afifi & Comulada - Power&SS 37

Choose Values (continued)

N = 175 in each intervention arm
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Advantages and Drawbacks 
of RMASS2

Advantages:
• Allows attrition
• Several IC Correlations
• Free and downloadable:

• http://tigger.uic.edu/~hedeker/ml.html

Draw backs
• Assumes two treatment groups only
• Assumes equally spaced time points
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Example for cluster-randomized design

Start with previous example 
• Effect of 2-arm intervention on BSI
• 4 time points, ES = .40
• N = 175 per intervention arm

Now assume
• Study conducted on patients from clinics
• Intervention assigned at clinic level

Find the number of clinics needed
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Two options to calculate power

1. Use software that ignores clustering 
(e.g. RMASS2) and adjust calculated 
sample size using variance inflation 
formula

2. Use software that accounts for 
longitudinal data and clustering

• e.g. PASS, within and between design

We discuss 1. further



Afifi & Comulada - Power&SS 41

Variance inflation formula

When the treatments are randomized to groups (clusters), 
we must adjust the sample size.
Let M = # of clusters, and

B = # of subjects per cluster,
ρ = intraclass correlation coefficient.

Define DEFF = design effect
= 1 + ρ(B-1), and

N* = nominal sample size = MB
For purpose of computing power, the effective (true) 
sample size is actually:

Effective N = N*/DEFF
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Variance inflation formula (cont.)

Example 1: M = 30 clinics,
B = 10 subjects per clinic,
ρ = 0.01

Then DEFF = 1 + (10 – 1)(0.01) = 1.09, and
effective N = 300/1.09 = 275.

Example 2: B = 10 subjects per clinic,
ρ = 0.01

Suppose we compute that we need N = 175 per group as 
in example above. Then the actual sample size should be:

actual N = (DEFF)(N*) = 1.09*175 = 191 
or approximately 19 clinics per group. 
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Extensions

PASS Repeated Measures ANOVA
Allows more factors than RMASS2
Several autocorrelations
Interactions
Specification of mean structure

Drawback
Difficult to use
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Simulations

Good option for more complex designs
Can use STATA for computations
Additional research being carried out
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Thank you very much,

Abdelmonem A. Afifi
afifi@ucla.edu

Scott Comulada
scomulad@ucla.edu
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