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Chapter 489

Tests for Two Means in a Stepped-Wedge
Cluster-Randomized Design

Introduction

A parallel cluster (group) randomized design is one in which whole units, or clusters, of subjects are
randomized to the treatment or control group rather than the individual subjects in those clusters.
However, the conclusions of the study concern individual subjects rather than the clusters. Examples of
clusters are families, school classes, neighborhoods, hospitals, etc.

Cluster-randomized designs are often adopted when there is a high risk of contamination if cluster
members were randomized individually. For example, it may be difficult for an instructor to use two
methods of teaching individuals in the same class. The price of randomizing by clusters is a loss of
efficiency--the number of subjects needed to obtain a certain level of precision in a cluster-randomized trial
is usually much larger than the number needed when the subjects are randomized individually. Hence, the
standard methods of sample size estimation cannot be used.

A 2x2 cluster-randomized cross-over design as one in which each cluster receives both the treatment and
control. The objective is to study difference between the two. Each cluster crosses over from the treatment
group to the control group (or vice-versa). It is assumed that there is a washout period between applications
during which the response returns back to its baseline value. If this does not occur, there is said to be a
carry-over effect.

A stepped-wedge cluster-randomized design is similar to a cross-over design in that each cluster receives both
the treatment and control over time. In a stepped-wedge design, however, the clusters switch or cross-over
in one direction only (usually from the control group to the treatment group). Once a cluster is randomized
to the treatment group, it continues to receive the treatment for the duration of the study. In a typical
stepped-wedge design, all of the clusters are assigned to the control group at the first time point and then
individual clusters are progressively randomized to the treatment group over time. The stepped-wedge
design is particularly useful for cases where it is logistically impractical to apply a particular treatment to half
of the clusters at the same time.

This procedure computes power and sample size for tests for the difference between two means in cross-
sectional stepped-wedge cluster-randomized designs. In cross-sectional designs, different subjects are
measured within each cluster at each pointin time. No one subject is measured more than once. (This is not
to be confused with cohort studies (i.e., repeated measures) where individuals are measured at each point
in time. The methods in this procedure should not be used for cohort or repeated measures designs.)
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Three Types of Cluster-Randomized Designs

In each design pattern matrix below, “0" represents the control and “1” represents the treatment.

Parallel 2x2 Cross-Over Stepped-Wedge
Time Time Time
1 1 2 1 2 3 4 5 6 7
1] 1 111 0 110 1 1 1 1 1 1
2| 1 211 0 2/0 0 1 1 1 1 1
g 3| 1 g 311 0 g 3/0 00 1 1 1 1
S5 4| 0 S 4]0 1 5 4/0 0 00 1 1 1
5| 0 5/0 1 5/0 0 0 0 0 1 1
6| O 6|0 1 6|0 0 0 0 0 0 1

Stepped-Wedge Cluster-Randomized Designs

There are two types of stepped-wedge designs that can be analyzed by this procedure: complete and

incomplete (or custom).

Complete

In complete stepped-wedge designs, clusters sequentially switch from control to treatment in a balanced
fashion over a fixed number of time periods (7). Once a cluster switches from control to treatment, the
cluster continues to receive the treatment at each time point for the duration of the study. The number of
clusters (K) is equal to number steps (S) multiplied by the number of clusters switching at each step (R), that

IS

K =8 XxR.

The following stepped-wedge design pattern matrices illustrate complete designs (0 = Control, 1 =

Treatment):

Complete Design Complete Design
K = 6 Clusters, S = 6 Steps, T = 7 Time K = 6 Clusters, S = 3 Steps, T =4 Time
Periods, R = 1 Switch per Step Periods, R = 2 Switches per Step
Time Time
1 2 3 4 5 6 7 1 2 3 4
1/0 1 1 1 1 1 1 1({0 1 1 1
2/0 0 1 1 1 1 1 2|0 1 1 1
g3/000 1 1 11 g3/0 0 11
=) =)
o 410 0 0 0 1 1 1 o 410 0 1 1
5/]0 0 0 0 0 1 1 5{0 0 0 1
6/0 0 0O O O 0 1 6|0 0 0 1
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Incomplete (Custom)

In incomplete (or custom) stepped-wedge designs, there is no balance required. Furthermore, incomplete
designs also allow for time periods at which no observations are made. The only requirement is that once a
cluster switches from control to treatment, the cluster continues to receive the treatment if and when an
observation is made.

When specifying incomplete designs using the number of clusters (K) and the number steps (S) (or the
number of time periods (7)), PASS searches among all possible design configurations that satisfy the design
constraints (K, S, T) to find an optimal design that achieves the highest power. This search is controlled by
the Incomplete (Custom) Design Pattern Matrix Search Options on the Options tab.

The following stepped-wedge design pattern matrices illustrate incomplete designs (0 = Control, 1 =
Treatment, * = No Observation):

Incomplete Design Incomplete Design Incomplete Design
K = 6 Clusters, S = 4 Steps, K =5 Clusters, S = 6 Steps, K = 4 Clusters, S = 5 Steps,
T =5 Time Periods T =7 Time Periods T = 6 Time Periods
Time Time Time
1 2 3 4 5 1 2 3 4 5 6 7 1 2 3 4 5 6
110 1 1 1 1 110 « 1 1 1 1 1 110 1 1 o o o
_ 210 1 1 1 1 5 2(0 0 « 1 1 1 1 g 2|« 0 1 1 « -
&_’, 3/]0 0 1 1 1 § 3(0 0 0 « 1 1 1 8 3]« o 0 1 .
8 410 0 0 1 1 O 4,0 0 0O O -« 1 1 4| o o 0 1
5(]0 0 0 1 1 5(0 0 0 0 0 - 1
60 0 0 0 1

Technical Details

This procedure is based on the results outlined in Hussey and Hughes (2007). In the technical discussions
that follow, we will adopt the following notation:

K Number of clusters
S Number of steps in the stepped-wedge design
T Number of time periods in the stepped-wedge design
M Number of subjects (or items) per cluster
m Number of subjects (or items) per cluster per time period
N Total number of subjects (or items) from all clusters and all time periods combined
I The treatment group mean, assuming the alternative hypothesis
Uy The control, standard, reference, or baseline group mean
o The subject-to-subject standard deviation for both groups
489-3

© NCSS, LLC. All Rights Reserved.


http://www.ncss.com/

PASS Sample Size Software NCSS.com

Tests for Two Means in a Stepped-Wedge Cluster-Randomized Design

The Linear Model

Linear mixed models are often used to model stepped-wedge cluster-randomized designs with time as a
fixed factor at T levels and inter-cluster variation modeled as a random effect. As described in Hussey and
Hughes (2007) and Hemming, Lilford, and Girling (2015) but using our notation and for a cross-sectional
stepped-wedge design, let Y, represent the response from individual i (i = 1, ..., m) in cluster k (k =1, ..., K) at
timet(t=1, ..., 7). The linear mixed model can then be written as

Yike = Xie0 + ap + Br + €jxe
a,~N(0,72)

eiktNN(O' O-v%/)

with
Var(Ye) = of = 12 + 3,
where
Xt Indicator variable of the group assignment of cluster k at time ¢, with 0 = control and 1 =
treatment
0 Fixed treatment effect
ay Random effect for cluster k
B Fixed effect for time t

ikt Within-cluster error

The Treatment Effect

0 is the treatment effect and is equal to D1, the difference between the treatment mean, p4, and the control
group mean, ,, such that

0 =D1=p; — .
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Between- and Within-Cluster Variation

From the model above, 72 is the between-cluster variance and ¢ is the within-cluster variance. If 72 and o2

are known (as is generally assumed in power and sample size calculations), the model for the cell mean of
cluster k at time t can then be written as

th = Xie0 + ayg + Br + eyt

a,~N(0,72)

0.2
exe~N <0, %)

with
2
_ o
Var(Yy,) = 7% + —.
m

For a complete stepped-wedge design, the KxT block-diagonal variance-covariance matrix, V, of cell means
has the form

vV, 0 - 0
v=|% Ve o O}
0 0 .. Vg

where each TxT block matrix, Vy, represents a single cluster and has the form

oy 1
2 4+ = T2 T2
m
2
O.W
v, =| T7° T2+ — 72
k m
2
O-W
72 72 2 4+ —=
m_

An incomplete stepped-wedge design has a similar variance-covariance matrix structure with different
dimensions depending on the incomplete design pattern matrix.
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ICC (Intracluster Correlation Coefficient)

The correlation structure for the stepped-wedge cluster-randomized design is often characterized by the
intracluster correlation coefficient, or ICC. The ICC may be interpreted as the correlation between any two
observations in the same cluster. It may also be thought of as the proportion of the variation in the
response that can be accounted for by the between-cluster variation. The ICC is calculated as

T 2

ICC=—=

2 T
27 12 2
Oy T° + oy

and can be used along with the within-cluster variance, o2, to calculate the between-cluster variance, 72, as

, ICCxa}

=T Icc

COV (Coefficient of Variation of Outcomes)

The correlation structure for the stepped-wedge cluster-randomized design can also characterized by the
coefficient of variation, or COV, of outcomes. (Note that this is not the COV of cluster sizes as is often
referenced in conjunction with cluster-randomized designs.) If i, is the control group mean, then the COV of
outcomes for the control group is calculated as

T
cov = —

and can be used along with i, to calculate 72 as

12 = COV? x u3.

Specifying the Total and Within-Cluster Variance

The standard deviation that is entered by the user, g, may be considered to be either the total standard
deviation, gy, such that the variance 0% = 0}?, or the within-cluster standard deviation, g,,, such that

02 = 02.If o is considered to be the total standard deviation, ay, then using the ICC, the between-cluster
variance, T2, can be computed as

12 =ICC X 0} = 1CC X 02,
and using the COV the between-cluster variance, T2, can be computed as
12 = COV? x u3.
and, finally, the within-cluster variance can be calculated as
2 2 _ .2 2_ .2

Oy =0y —T“=0"—71"

Otherwise, if o is considered to be the within-cluster standard deviation, g,,, then

02 = g2
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and using the ICC, the between-cluster variance, T2, can be computed as

2

1—ICC ~ 1-1ICC

_ICCxaj  1CC x o?

and using the COV, the between-cluster variance, 72, can be computed as

2 = COV? x u3.

Test Statistic

Hussey and Hughes (2007) suggest that a statistical hypothesis test of HO: 8 = py — u, = 0vs. H1: 8 = puy —
U, # 0 can be conducted using an asymptotic Wald test. The test statistic is

6 _ i
\/Var(é) \/Var(@)

6 is the estimated treatment effect from a weighted least-squares analysis. Var(@) is the appropriate

7 =

-1
element of (X’V‘IX) from the weighted least-squares analysis. X is the design matrix (recall that X; is an
indicator variable of the group assignment of cluster k at time ¢, e.g., 0 = control and 1 = treatment).

If Xyt contains only Q's and 1's, no missing cells, and m is equal for all clusters at all time points then Var(é)
can be written in closed form as

2 2
K (%W) (%W + T‘L’Z)

Var(@) =-—
(%W) (KU — W) +12(U% + KTU — TW — KV)

where

U= Zktht
V= 2kt Xie)?

W= 3:(Zk Xie)?

489-7
© NCSS, LLC. All Rights Reserved.


http://www.ncss.com/

PASS Sample Size Software NCSS.com

Tests for Two Means in a Stepped-Wedge Cluster-Randomized Design

Power Calculations

The power calculations available in this procedure for both complete and incomplete designs are based on
the results outlined in Hussey and Hughes (2007). With 72 and ¢;2 assumed to be known, the power for a
two-sided Wald test is computed as

04

—— Zl—a/z
’Var(@)

_ cp( M — H _z )
Jxvx)13

Power = @&

where @ is the cumulative standard Normal distribution, {(X’V‘IX)_I} is the appropriate element of the
matrix, and Z;_g/ is the (1 — a/2) quantile of the standard Normal distribution function. 8, is the value for
0 under the alternative hypothesis, i.e., 84 = 1y — Us.

When solving for sample size (number of clusters), sample size (cluster size), or effect size, a search is
conducted based on this power formula to find a solution that fits all required conditions.

A Note on Power Calculations for Incomplete Designs

When specifying an incomplete stepped-wedge design pattern using the number of clusters (K) and the
number of steps (S) or the number of time periods (7), there are a variety of ways that the clusters can be
arranged in an actual design and still meet the design criteria. PASS utilizes the following logic when creating
a design pattern matrix using K and S or T and calculating power:

1. Sequentially assign R complete cluster sets to a design pattern sub-matrix, where R is the largest
integer that satisfies (R x S) < Kand ((R + 1) x S) > K. (Note: If (R x S) = K, then the design is complete
and there are no “Extra” clusters no optimal design pattern search is required.)
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2. Assign/=K- (R xS)extra clusters using the following options for the Design Pattern Assignment
Type for Extra Clusters:

e Balanced

The J “Extra” clusters are assigned in a balanced fashion. When one extra cluster is given a
particular design pattern, it cannot be repeated.

Balanced Assignment
Time

1 2 3 4 5

1/0 1 1 1 1
2|10 1 1 1 1

s 3/]0 0 1 1 1
2 4/0 0 1 1 1
© 510 00 1 1
6/0 0 0 0 1
7/0 0 0 0 1

e Unbalanced

The J “Extra” clusters are assigned in a (potentially) unbalanced manner. When one extra
cluster is given a particular design pattern, it may be repeated. This option results in
maximum power but may result in a very unbalanced design.

Unbalanced Assignment
Time

1 2 3 4 5

1/0 1 1 1 1
2|10 1 1 1 1

s 3/]0 1 1 1 1
2 4/0 0 1 1 1
© 510 00 1 1
6/0 0 0 0 1
7/]0 0 0 0 1
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e Sequential

The J “Extra” clusters are assigned sequentially. The first extra cluster is given the same
design pattern as the first already-assigned complete cluster, the second extra cluster is
given the same design pattern as the second already-assigned complete cluster, and so on.
When one extra cluster is given a particular design pattern, it cannot be repeated.

Sequential Assignment
Time

1 2 3 4 5

1/0 1 1 1 1
2|10 1 1 1 1

s 3|0 0 1 1 1
g 410 0 1 1 1
© 510 0 0 1 1
6|0 0 O 1 1
7/0 0 0 0 1

3. Compute the power for all possible assignment combinations.

4. Return the design pattern matrix with the highest power.

Delayed Treatment Effect

Everything that has been discussed so far assumes that the full effect of the treatment occurs in the same
time period in which the treatment is administered. This, however, might not always be the case. The full
effect of the treatment may not be realized until several time periods after the treatment is applied. Hussey
and Hughes (2007) propose that this situation can be modelled by simply altering the stepped-wedge design
pattern matrix to include fractional numbers instead of Q's and 1's, where a fractional value indicates that
the treatment is not fully efficacious at a particular time period.

The following is an example of a design pattern matrix exhibiting a delayed treatment effect where the
treatment is 50% effective in the first time period, 80% effective in the second time period, and 100%
effective by the third time period.

Design Pattern Matrix with a
Delayed Treatment Effect

Time
2 3 4 5 6
05 08 1 1 1
1
1

0 05 08 1
0 0 05 08
0 0 0 05 08

Cluster

W R
O O O Ok

The test statistic and power calculations are the same as for the case where the design pattern matrix
contains all 0's and 1's, except that the closed form representation of Var(8) cannot be used. In this case,
Var(8) must be calculated using matrix operations. The delay has the overall effect of reducing the power.
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Example 1 - Finding Power of a Complete Design
(Validation using Hemming and Taljaard (2016))

Hemming and Taljaard (2016) presents an example in section 3.2.3 where they calculate power for a
complete stepped-wedge design when the number of clusters and the cluster sizes are both fixed. Their
example computes power for a standardized effect size of 0.2, which equates to D1 =0.2 and 6 = 1 in PASS.
What is the power with alpha = 0.05 for K= 10 clusters, S = 5 steps, m = 17 or 50 subjects per cluster per time
period, and ICC values of 0.01 or 0.1?

In Table 5 on page 144, they present the following calculation results for the four ICC/m combinations:

ICC m Power
0.01 17 55%
0.1 17 49%
0.01 50 91%
0.1 50 90%

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 1 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI oo Power

Alternative Hypothesis ...........cccvvvieeiiiiiiiieiee e Two-Sided

AlPNaL ... e 0.05

DESIGN TYPE..eeeeiieieeee et Complete

Design Parameter Entry TYPe......ccccvveeeviiiivieieeeeennns Clusters (K) & Steps (S)

K (Number of CIUSLErS) .....c.coeiiiiuiiiiiieeeeiiiiieeee e 10

S (Number of Steps) .....ccccvvveeiieeiiiiiiiiee e, 5

Cluster Size Entry TYPE ..cuvvvvieeeieiiiiiieieee e Subjects per Cluster per Time Period (m)
m (Ave. Subjects per Cluster per Time Period)........ 17 50

INPUE TYPE ...t Differences

D1 (Difference = 1 - P2) oeeeeiiiiiiiiiiieeeeeeeeeee e 0.2

M2 (Control Mean).........ccccvveeiiiiieiiiee e 0

0 (Standard Deviation)..........ccccceeveeiiiiiiiiiieiie s 1

Use o (Standard Deviation) @s.........cccccocoeveicveeenne Total o (o = oy = \[1* + ow?])
Between-Cluster Variability Input Type........cccc....... ICC

ICC (Intracluster Correlation Coefficient) ................. 0.010.1
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Reports

Numeric Results

Solve For: Power
Design Type: Complete
Groups: 1 = Treatment, 2 = Control

Test Statistic: Wald Z-Test
Hypotheses: HO: yl-p2=0 vs. Hl:pl-p2#0

Design Cluster Mean Intracluster

Parameters  Number of Size Sample @—mmm@MMMmMmM8M8M Standard  Correlation

Clusters ——— Size  Treatment Control Difference Deviation Coefficient
Power S T R K M m N pl p2 D1 o* ICC Alpha
054844 5 6 2 10 102 17 1020 0.2 0 0.2 1 0.01 0.05
0.48864 5 6 2 10 102 17 1020 0.2 0 0.2 1 0.10 0.05
091489 5 6 2 10 300 50 3000 0.2 0 0.2 1 0.01 0.05
0.90211 5 6 2 10 300 50 3000 0.2 0 0.2 1 0.10 0.05

* 0 is considered to be the total standard deviation (o = oy) in power computations.

Power The probability of rejecting a false null hypothesis when the alternative hypothesis is true.
The number of steps in the study design. S=T - 1.

T The number of time periods in the study, including the baseline. T=S + 1

R The number clusters switching from control to treatment at each step.

K The total number of clusters to be randomized. K=S x R.

M The average number of subjects per cluster. M=m x T.

m The average number of subjects per cluster per time period. M =m x T.

N The total sample size from all clusters and time periods combined. m=M/T.

ul The treatment mean assuming the alternative hypothesis.

p2 The control, standard, reference, or baseline mean.

D1 The difference assuming the alternative hypothesis (H1). D1 = p1 - p2.
o] The subject-to-subject standard deviation.

ICC The intracluster correlation coefficient.

Alpha  The probability of rejecting a true null hypothesis.

Summary Statements

A complete stepped-wedge cluster-randomized design with 6 time periods (including the baseline) and 5 steps
(with 2 clusters switching from control to treatment at each step) will be used to test whether the Group 1
(treatment) mean (u1) is different from the Group 2 (control) mean (pu2) (HO: p1 - u2 = 0 versus H1: p1 - p2 # 0).
The comparison will be made using a two-sided Wald Z-test based on the mean difference (considered to be the
total standard deviation) with a Type | error rate (a) of 0.05. The control group mean (p2) is assumed to be 0. The
subject-to-subject standard deviation (considered to be the total standard deviation) is assumed to be 1. The
intracluster correlation coefficient is assumed to be 0.01. To detect a mean difference (u1 - p2) of 0.2 (or y1 of 0.2)
with 10 clusters with average cluster sizes of 102 subjects per cluster and an average of 17 subjects per cluster per
time period (for a total sample size of 1020 subjects), the power is 0.54844.
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This report shows the values of each of the parameters, one scenario per row. The power values calculated
by PASS match those from Hemming and Taljaard (2016) exactly. The values from this table are shown in

the plot below.

Plots Section

Plots

Powervs ICC by m
5=5 K=10 D1=0.2 y2=0 o=1 a=0.05 2-Sided Wald Z-Test

1.0 4

0.9

0.8 4

Power

0.7 @ 17

0.6

0.5

04 T T
0.00 0.02 0.04 0.06 0.08 0.10

ICC
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Power vs ICC and m

S=5K=10D1=02 p2=0 o=

0.10 10

1 0=0.05 2-Sided Wald Z-Test

Power
[ [RR
I oo
[]os
Oor
M os
Wos
.04

The values from the table are displayed on the plots. These plots give a quick look at the power that is
achieved for the combinations of the /CC and m.

Design Details

Design 1 Details

Design Type: Complete

Variance
Design Cluster Mean Intracluster
Parameters  Number of Size Between-  Within-  Correlation Coefficient
_— Clusters Treatment  Control  Total Cluster  Cluster Coefficient  of Variation
Power S T R K M m pl M2 oy? T2 ow? ICC Ccov
054844 5 6 2 10 102 50 0.2 0 1 0.01 0.99 0.01
Design Pattern (Complete)
Cluster T1 T2 T3 T4 T5 T6
1 0 1 1 1 1 1
2 0 1 1 1 1 1
3 0 0 1 1 1 1
4 0 0 1 1 1 1
5] 0 0 0 1 1 1
6 0 0 0 1 1 1
7 0 0 0 0 1 1
8 0 0 0 0 1 1
9 0 0 0 0 0 1
10 0 0 0 0 0 1

(A Design Details report is given for each additional scenario)

This report gives the details about each design for which power was calculated. The design pattern matrix is
also printed, showing exactly what design is being analyzed.
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Procedure Input Settings

Procedure Input Settings

Autosave Inactive

Design Tab

Solve For Power

Alternative Hypothesis Two-Sided

Alpha 0.05

Design Type Complete

Design Parameter Entry Type Clusters (K) & Steps (S)

K (Number of Clusters) 10

S (Number of Steps) 5

Cluster Size Entry Type Subjects per Cluster per Time Period (m)
m (Ave. Subjects per Cluster per Time Period) 17 50

Input Type Differences

D1 (Difference = p1 - p2) 0.2

p2 (Control Mean) 0

o (Standard Deviation) 1

Use o (Standard Deviation) as Total o (o = oy = \[12 + ow?)
Between-Cluster Variability Input Type ICC

ICC (Intracluster Correlation Coefficient) 0.010.1

Options Tab

Design Pattern Assignment Type for Extra Clusters Balanced

Maximum Combinations for Incomplete Design Pattern Search 10000

This report displays the critical procedure input settings that were used to generate the report. This report is
given primarily for the purpose of record-keeping.
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Example 2 - Finding Power of an Incomplete Design
(Validation using Hemming, Lilford, and Girling (2014))

Hemming, Lilford, and Girling (2014) presents an example on page 193-194 that calculates power for a
staggered parallel cluster randomized design that can be analyzed as an incomplete stepped-wedge design.
The study design aims to evaluate the effectiveness of a nutritional intervention program for children. The
study involves nine control centers and nine treatment centers, each with m = 15 children measured per
time interval for a total of 540 observations. The treatments are applied according to the following design
pattern matrix:

Time

=
N
w
IN
]
~
0

Cluster

=
HOKDOO\IO‘\U‘I-&WND—‘

=
N

=
w

[N
S

[y
(]

=
[e)]

=
~N

e |o|o (0o |0 |00 0|00 e|e O|lO(OCJ]O|OC|O] O
e |o|o (0|0 |0 [0 (0|0 |0o e e ||k, |IO|lOC|IO] O

[ . . . . e [OO(O|IOC|IO|IO | e [ [ [ . .
e (e (e |oe|e|oe|e e oo |o|e|e|e e e le]e
L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
e (e (e |oe|e|oe|e e oo |o|e|e|e e e le]e

e |oe e oo | |Rr|R|ROIO|C|e|e e e |e|e
R(FRIRIOIOCO|IOC| e | e | e | e | e | o0 e e e e e

OIO(OCO|C|IO|C|(e|e|e|e |0 |0 |eo e |0 |0 |e e

=
o4}

The study aims to detect an increase in fruit and vegetable intake of one portion. The standard deviation is
assumed to be 2.2. What is the power at an alpha level of 0.05 for ICC values from 0.05 to 0.5?

In Figure 10 on page 193, they present the following power calculation results for 7 different ICC values:

ICC Power

0.05 0.891
0.1 0.870
0.15 0.869
0.2 0.877
0.3 0.905
0.4 0.937
0.5 0.967
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Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 2 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOF ..t Power

Alternative Hypothesis ..........cccueeiieiiiiiiiiiiie e Two-Sided

AlPNa. ... 0.05

DESIGN TYPE..uvtiiiiiieei ittt Incomplete (Custom)

Design Parameter Entry TYPe........cccceeveiiiiiieeeneeenne Custom Design Pattern Matrix
Design Pattern Matrix Columns .............ccccvvvveeeeenne ALL

R (Number of Design Pattern Replicates)................ 1

Cluster Size Entry TYPE ....uvveeieeeiiiiiiiieeee e Subjects per Cluster per Time Period (m)
m (Ave. Subjects per Cluster per Time Period)........ 15

INPUE TYPO ...t Differences

D1 (Difference = p1 - p2) 1

M2 (Control Mean)........cccevvveeiiiiiiiiieee e 1

o (Standard Deviation)................ . 2.2

Use o (Standard Deviation) @s............cccccccvvvvveeeenns Total o (0 = oy = V[12 + ow?])
Between-Cluster Variability Input Type........cccc........ ICC

ICC (Intracluster Correlation Coefficient) ................. 0.050.10.150.20.30.40.5

Input Spreadsheet Data

Row Ci1 C2 C3 C4 C5 C6 C7 C8

1 0 0

2 0 0

3 0 0

4 0 1

5 0 1

6 0 . 1 .

7 0 0

8 0 0

9 0 0

10 0 1

11 0 1

12 0 . 1

13 0 0
14 0 0
15 0 0
16 0 1
17 0 1
18 0 1
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For:

Power

Design Type: Incomplete (Custom)
1 = Treatment, 2 = Control
Test Statistic: Wald Z-Test

Groups:

Hypotheses: HO: yl-p2=0 vs. Hl:pl-p2#0

Design Cluster Mean Intracluster

Parameters  Number of Size Sample —_—— Standard Correlation

Clusters Size  Treatment Control Difference  Deviation Coefficient
Power S T R K M m N pl u2 D1 o* ICC  Alpha
089096 7 8 1 18 30 15 540 2 1 1 2.2 0.05 0.05
0.87035 7 8 1 18 30 15 540 2 1 1 2.2 0.10 0.05
086936 7 8 1 18 30 15 540 2 1 1 2.2 0.15 0.05
0.87723 7 8 1 18 30 15 540 2 1 1 2.2 0.20 0.05
090459 7 8 1 18 30 15 540 2 1 1 2.2 0.30 0.05
0.93691 7 8 1 18 30 15 540 2 1 1 2.2 0.40 0.05
096669 7 8 1 18 30 15 540 2 1 1 2.2 0.50 0.05

* g is considered to be the total standard deviation (o = oy) in power computations.

The power values calculated by PASS match those from Hemming, Lilford, and Girling (2014) exactly.
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Example 3 - Finding Sample Size (Number of Clusters) for
an Incomplete Design (Validation using Hemming and
Taljaard (2016))

Hemming and Taljaard (2016) presents an example in section 3.2.1 where they calculate the number of
clusters for an incomplete stepped-wedge design when the cluster size and number of steps are both fixed.
Their example computes number of clusters for a standardized effect size of 0.2, which equates to D1 =0.2
and o = 1 in PASS. What is the required number of clusters for 80% power with alpha = 0.05, S = 2 or 9 steps,
m =10 subjects per cluster per time period (M =30 or 100), and ICC values of 0.01 or 0.25?

In Table 3 on page 143, they present the following calculation results for four M/S/ICC combinations:

M S ICC K

30 2 001 85
30 2 025 85
100 9 0.01 18
100 9 025 18

Note that PASS does not solve for number of clusters using the design effect adjustment that Hemming and
Taljaard (2016) uses. Instead PASS performs an exhaustive search of all design pattern matrix models to
compute the required number of clusters.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 3 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Sample Size [K (Number of Clusters)]
Alternative Hypothesis ...........cccvvvieeiiiiciiieiee e Two-Sided

POWET....cciiiiiiiiiiii e 0.80

AlPNa. ... 0.05

DESIGN TYPE . uvtiiiiiie ettt Incomplete (Custom)

Design Constraint Entry Type .........ccccceveiiiiieeeeneeenne Fixed Number of Steps (S)

S (Number of Steps) .....cccuveieiieeieiieeee e 29

Cluster Size Entry TYPE ..vvvvvieeeiiiiiiiieieee e Subjects per Cluster per Time Period (m)
m (Ave. Subjects per Cluster per Time Period)........ 10

INPUE TYPE ...t Differences

D1 (Difference = 1 - P2) oeeeeeiiiiiiiiiieeeeieeeeeeee 0.2

M2 (Control Mean).........ccccvveeiiiiieiiiee e 0

0 (Standard Deviation)..........cccccveveeiiiiiiiiienie e 1

Use o (Standard Deviation) @s.........cccccocoeeeviveeenns Total o (o = oy = \[1* + ow?])
Between-Cluster Variability Input Type........cccc........ ICC

ICC (Intracluster Correlation Coefficient) ................. 0.01 0.25
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: Sample Size [K (Number of Clusters)]
Design Type: Incomplete (Custom)
Groups: 1 = Treatment, 2 = Control

Test Statistic: Wald Z-Test
Hypotheses: HO: yl-p2=0 vs. Hl:pl-p2#0

Design Cluster Mean Intracluster

Parameters  Number of Size Sample @—mmm@MMMmMmM8M8M Standard  Correlation

Clusters Size  Treatment Control Difference  Deviation Coefficient
Power S T K M m N pl p2 D1 o* ICC Alpha
0.80349 2 3 85 30 10 2550 0.2 0 0.2 1 0.01 0.05
0.80244 2 3 85 30 10 2550 0.2 0 0.2 1 0.25 0.05
0.80845 9 10 17 100 10 1700 0.2 0 0.2 1 0.01 0.05
0.80785 9 10 18 100 10 1800 0.2 0 0.2 1 0.25 0.05

* 0 is considered to be the total standard deviation (o = oy) in power computations.

PASS computed K values of 85, 85, 17, and 18, which match those given in Table 3 of Hemming and Taljaard
(2016). There is a difference, however, when ICC = 0.01 and S = 9. This difference may be due to rounding,
but it is important to note that PASS uses a different method to arrive at the required number of clusters.
PASS uses the power along with a search for the optimal (balanced) design pattern matrix to find the
sample size, not the design effect adjustment that Hemming and Taljaard (2016) uses. One problem with the
design effect adjustment method is that it does not tell you what final model is being used and the actual
power that is achieved. PASS always achieves the desired level of power in the result. The power value of
0.80845, for example, indicates that K =17 with ICC = 0.01 and S = 9 does achieve the desired power and is,
therefore, the correct balanced-design solution.
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Example 4 - Finding Sample Size (Number of Clusters) for
an Incomplete Design (Validation using Baio et al. (2015))

Baio et al. (2015) presents an example in Table 1 of various sample size calculations for the case where the
baseline mean, p2, is 0.3, the difference, D1, is -0.3785, and the total standard deviation, oy, is 1.55. They
assume m = 20 individuals per cluster per time interval, T = 6 time intervals, and compute the required
sample sizes for 80% power with ICC values from 0 to 0.5. The alpha level is 0.05. In this example we'll need
to search among incomplete designs to match their results.

Using a design effect adjustment method for computing number of clusters, they report K values of 9, 12,
11,10, 9, and 7 for ICC values of 0, 0.1, 0.2, 0.3, 0.4, and 0.5, respectively.

Note that PASS does not solve for number of clusters using the same method that Baio et al. (2015) uses.
Instead PASS performs an exhaustive search of all design pattern matrix models to compute the required
number of clusters.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 4 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Sample Size [K (Number of Clusters)]
Alternative Hypothesis ..........cccveeiiiiiiiiiiiiiiiee e Two-Sided

POWET....coiiiiiiiiiii e 0.80

AlPNa. ..o 0.05

DESIGN TYPE..uvtiiiiiieei ittt Incomplete (Custom)

Design Constraint Entry TYpe ......ccccvevevviiiiveeeeeeeennns Fixed Number of Time Periods (T)

T (Number of Time Periods including Baseline)....... 6

Cluster Size Entry TYPE ...vvvviieeeiiiiiiieieee e Subjects per Cluster per Time Period (m)
m (Ave. Subjects per Cluster per Time Period)........ 20

INPUE TYPO ...t Differences

D1 (Difference = P41 - P2) covvveeiiiiiiiiiieee e -0.3785

M2 (Control Mean).........cocceveiririieniiiee e 0.3

0 (Standard Deviation)...........cccceveeeiiiiiiiiienie e, 1.55

Use o (Standard Deviation) @s............cccccccvvvvieeeennne Total o (0 = oy = V[12 + ow?])
Between-Cluster Variability Input Type...........c........ ICC

ICC (Intracluster Correlation Coefficient) ................. 0to0.5by 0.1

Reports Tab

Means and Difference Decimals.........cccccccvvvvvevenenn. 4
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Output
Click the Calculate button to perform the calculations and generate the following output.
Numeric Results
Solve For: Sample Size [K (Number of Clusters)]
Design Type: Incomplete (Custom)
Groups: 1 = Treatment, 2 = Control
Test Statistic: Wald Z-Test
Hypotheses: HO: yl-p2=0 vs. Hl:pl-p2#0
Design Cluster Mean Intracluster
Parameters  Number of Size Sample Standard  Correlation
Clusters ——— Size  Treatment Control Difference Deviation Coefficient
Power S T K M m N pl p2 D1 o* ICC Alpha
0.81686 5 6 8 120 20 960 -0.0785 0.3 -0.3785 1.55 0.0 0.05
0.80453 5 6 12 120 20 1440 -0.0785 0.3 -0.3785 1.55 0.1 0.05
0.80101 5 6 11 120 20 1320 -0.0785 0.3 -0.3785 1.55 0.2 0.05
0.81027 5 6 10 120 20 1200 -0.0785 0.3 -0.3785 1.55 0.3 0.05
0.82922 5 6 9 120 20 1080 -0.0785 0.3 -0.3785 1.55 0.4 0.05
0.80236 5 6 7 120 20 840 -0.0785 0.3 -0.3785 1.55 0.5 0.05
* 0 is considered to be the total standard deviation (o = oy) in power computations.
Plots
Kvs ICC
Power=0.8 T=6 m=20 D1=-0.38 p2=0.3 0=1.55 0=0.05 2-Sided Wald Z-Test
12 -
11 4
10 /
X
g 7 I
8@
T T T .
01 0.2 0.3 0.4 0.5
ICC

0.0
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Design 1 Details

Design Type: Incomplete (Custom)

Variance
Design Cluster Mean Intracluster
Parameters  Number of Size —_— Between-  Within-  Correlation Coefficient
Clusters Treatment  Control  Total Cluster  Cluster Coefficient  of Variation
Power S T K M m pl p2 oy? T2 ow? ICC Ccov
0.81686 5 6 8 120 20 -0.0785 0.3 2.403 0 2.403 0 0

Design Pattern (Balanced, Optimal)

Cluster T1
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4
al
4
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RPRrRRRRRR

(A Design Details report is given for each additional scenario)

PASS computed K values of 8,12, 11, 10, 9, and 7, which match those given in Table 1 of Baio et al. (2015).
There is a difference, however, when ICC = 0. When ICC = 0, Baio et al. (2015) reports a value of 9, while PASS
computes a value of 8. This difference may be due to rounding, but it is important to note that PASS uses a
different method to arrive at the required number of clusters. PASS uses the power along with a search for
the optimal (balanced) design pattern matrix to find the sample size. Baio et al. (2015) does not specify what
final model is being used and the actual power that is achieved. PASS always achieves the desired level of
power in the result. The power value of 0.81686, for example, indicates that K = 8 with ICC = 0 does achieve
the desired power and is, therefore, the correct balanced-design solution.
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Example 5 - Finding Cluster Size for a Complete Design
(Validation using Hemming and Taljaard (2016))

Hemming and Taljaard (2016) presents an example in section 3.2.2 where they calculate the cluster size for
a complete stepped-wedge design when the number of clusters and the number of steps are both fixed.
Their example computes cluster size for a standardized effect size of 0.2, which equates to D1 =0.2and o =
1in PASS. What is the required cluster size for 80% power with alpha = 0.05, S =2 or 5 steps, K =30 or 60
clusters, and ICC = 0.01 or 0.25?

In Table 4 on page 143, they present the following calculation results for four M/S/ICC combinations:

K S IcC M
30 2 001 96
30 2 025 90
60 5 0.01 30
60 5 025

Note that PASS does not solve for cluster size using the design effect adjustment that Hemming and
Taljaard (2016) uses. Instead PASS performs an exhaustive search of all design pattern matrix models to
compute the required cluster size.

Setup

If the procedure window is not already open, use the PASS Home window to open it. The parameters for this
example are listed below and are stored in the Example 5 settings file. To load these settings to the
procedure window, click Open Example Settings File in the Help Center or File menu.

Design Tab

SOIVE FOI .o Sample Size [M and m (Cluster Size)]
Alternative Hypothesis ...........cccvvviee i Two-Sided

POWET ....cooiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeee 0.80

AlPNa. ..o 0.05

DESIGN TYPE..uvtiiiiiieei ittt Complete

Design Parameter Entry TYPe........cccceeveiiiiiieeeeenenne Clusters (K) & Steps (S)

K (Number of CIUSLEIS) .....cceeeiiiiiiiiiieee e 30

S (Number of Steps) .....cccuvveeiieeiiiiieeee e 2

Cluster Size Entry TYPE ....uvveeveieiiiiiiiieeee e Subjects per Cluster (M)
INPUE TYPE ...t Differences

D1 (Difference = 1 - P2) oeeeeeiiiiiiiiiieeeeieeeeeeee 0.2

M2 (Control Mean)........cccvevieeiiiiiiiiiieee e 0

0 (Standard Deviation)..........cccveeeeeeiiiiiiiieeee e 1

Use o (Standard Deviation) @s.........cccccocveveicveeennns Total o (o = oy = \[1* + ow?])
Between-Cluster Variability Input Type........cccc........ ICC

ICC (Intracluster Correlation Coefficient) ................. 0.01 0.25
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Output

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: Sample Size [M and m (Cluster Size)]
Design Type: Complete
Groups: 1 = Treatment, 2 = Control
Test Statistic: Wald Z-Test
Hypotheses: HO: yl-p2=0 vs. Hl:pl-p2#0
Design Cluster Mean Intracluster
Parameters  Number of Size Sample Standard Correlation
E—— Clusters Size  Treatment Control Difference  Deviation Coefficient
Power S T R K M m N pl u2 D1 o* ICC  Alpha
080141 2 3 15 30 93 31 2790 0.2 0 0.2 1 0.01 0.05
0.80067 2 3 15 30 87 29 2610 0.2 0 0.2 1 0.25 0.05

* 0 is considered to be the total standard deviation (o = oy) in power computations.

PASS computed M values of 93 and 87, each 3 less than those given in Table 4 of Hemming and Taljaard
(2016). This difference may be due to rounding, but it is important to note that PASS uses a different
method to arrive at the required cluster size. PASS uses the power along with a search for the optimal
(balanced) design pattern matrix to find the cluster size, not the design effect adjustment that Hemming and
Taljaard (2016) uses. One problem with the design effect adjustment method is that it does not tell you what
final model is being used and the actual power that is achieved. PASS always achieves the desired level of
power in the result. The power value of 0.80141, for example, indicates that M = 93 with ICC =0.01, and K =
30 and S = 2 does achieve the desired power and is, therefore, the correct balanced-design solution.

Now, go back and change K to 60 and S to 5 for the 2" half of the table or open Example 5b by going to the
File menu and choosing Open Example Template.

Design Tab
K (Number of CIUSLEIS) .....cceeeiiiiiiiiiiiee et 60
S (Number of Steps) ......ccuvveeiieeiiiieeee e B

Click the Calculate button to perform the calculations and generate the following output.

Numeric Results

Solve For: Sample Size [M and m (Cluster Size)]
Design Type: Complete
Groups: 1 = Treatment, 2 = Control
Test Statistic: Wald Z-Test
Hypotheses: HO: yl-p2=0 vs. H1l:pl-p2#0
Design Cluster Mean Intracluster
Parameters  Number of Size Sample Standard Correlation
_— Clusters Size  Treatment Control  Difference  Deviation Coefficient
Power S T R K M m N ul u2 D1 o* ICC Alpha
084118 5 6 12 60 30 5 1800 0.2 0 0.2 1 0.01 0.05
0.80507 5 6 12 60 30 5) 1800 0.2 0 0.2 1 0.25 0.05

* 0 is considered to be the total standard deviation (o = oy) in power computations.

PASS computed M values of 30 for both cases. The first matches Table 4 of Hemming and Taljaard (2016).
The second is left out of Table 4 for an unknown reason but is calculated by PASS.
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