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VARIANCE AND DISSENT
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In a conventional randomized controlled trial (RCT),
participants are randomly allocated to either an intervention
or a control/comparison condition. However, for certain
types of interventions, it is not valid to randomize participants at an individual level because contamination between
the intervention and control groups can occur. In those
situations, an alternative approach is to randomize entire
groups of participants (clusters) to the two conditions.
Studies using this type of design are typically called cluster
RCTs.
A special form of this approach is the stepped wedge
design, in which the intervention is administered in a random sequence to all clusters over a number of time periods
(Fig. 1). Each time point at which a new cluster receives the
intervention is called a ‘‘step,’’ and all clusters will have
received the intervention after the final step. Before and
after each step, the dependent variable of interest is
measured in all clusters. The analysis of data from such
a design involves the comparison of the intervention wedge
(gray-shaded cells in Fig. 1) with the control wedge (nonshaded cells).
In a recent review of the literature, Mdege et al. [1] identified 25 studies using the stepped wedge design, of which
about half were published between 1987 and 2006 and half
from 2007 onward. The authors of this review attributed
the growing use of the stepped wedge design to a heightened
awareness of its existence among researchers and an ‘‘increased acknowledgement of the usefulness of the design
in evaluating the effectiveness of interventions in routine
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practice’’ [1]. But how useful is the design really? In this
commentary, we critically assess the most important arguments that are made in favor of this design by various authors
[1,2] and weigh these against its potential disadvantages.

1. Argument 1: all participants receive the
intervention
Because the intervention is rolled out sequentially to all
clusters of participants (Fig. 1), all participants will eventually receive the intervention in the stepped wedge design.
Thereby, none of the participants are excluded from receiving an intervention that is believed to be effective. This is
an advantage from an ethical point of view in a situation
in which an intervention is tested with the prior belief that
it will do more good than harm.

Counterargument: it is also possible to roll out an
intervention to all individuals in a classic cluster RCT
In a classic cluster RCT, the clusters are randomized to
either the intervention or the control condition. All clusters
start at the same time with the treatment to which they were
allocated (Fig. 2). Unless additional follow-up measurements are planned, the study concludes with the posttreatment assessment in all clusters. However, before the start
of the study, one could easily agree to deliver the intervention to the control clusters after the final data collection so
that all participants will eventually receive the intervention.
Alternatively, one could consider making the implementation of the intervention in the control clusters contingent
on the results of the study (i.e., only if the findings corroborate the prior belief that the intervention is beneficial).
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Fig. 1. The stepped wedge design with six steps. The letter O indicates measurements of the dependent variable, and the letter X indicates implementation of the intervention. The letters AeF indicate six clusters. The gray shading indicates that the cluster has received the intervention.

2. Argument 2: sequential implementation of the intervention is advantageous
During the conduct of a stepped wedge design, the intervention is implemented sequentially, which may be
necessary because of logistical, practical, and financial constraints. For example, if the intervention involves extensive
training of caregivers, it may not be possible to implement
the intervention simultaneously in multiple clusters if
resources are limited. A sequential implementation of the intervention also allows studying underlying trends or control
for time effects.
Counterargument: it is also possible to implement an
intervention sequentially in a classic cluster RCT
It is true that it may be necessary to implement an intervention sequentially for various reasons. However, sequential implementation is also possible (and often done) in
a classic cluster RCT. Fig. 3 illustrates an example in which
clusters A, B, and C start with the intervention one after the
other. In this example, the time between the preintervention

(baseline) and the postintervention measurement of the dependent variable is kept constant across clusters and the
starting point of the measurements is similar for pairs of
intervention and control clusters (to keep potential time effects constant across intervention and control clusters).
However, variations of this design are also possible: For example, it is also possible to collect data intermittently in the
clusters to study the underlying time trends (Fig. 4).
3. Argument 3: stepped wedge designs require fewer
clusters compared with classic cluster RCTs
The stepped wedge design may require fewer clusters
than classic cluster RCTs. The statistical power is higher
because the intervention effect is estimated not only by
between-cluster comparisons as in the parallel group design
but also by within-cluster comparisons.
Counterargument: the increased power of the stepped
wedge design is because of the large number of measurements of the dependent variable and it is not an
inherent characteristic of the design
In the stepped wedge design, data are collected from each
cluster at each step. Therefore, a large number of measurements are made before and after the clusters start the

Fig. 2. The classic cluster randomized controlled trial design with
three intervention clusters (AeC), three control clusters (DeF), and
optional implementation of the intervention in control clusters after
the conclusion of the study. The letter O indicates measurements of
the dependent variable, and the letter X indicates implementation
of the intervention. The letters AeF indicate six clusters. The gray
shading indicates that the cluster has received the intervention.

Fig. 3. The cluster randomized design with three intervention clusters
(AeC), three control clusters (DeF), sequential implementation of the
intervention, and optional implementation of the intervention in control clusters after the conclusion of the study. The letter O indicates
measurements of the dependent variable, and the letter X indicates
implementation of the intervention. The letters AeF indicate six clusters. The gray shading indicates that the cluster has received the
intervention.
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is highly debatable. Because trials are usually not powered
to draw firm conclusions on time trends, this will almost
certainly lower the validity of the results.

5. Disadvantages of the stepped wedge design

Fig. 4. The cluster randomized design with three intervention clusters
(AeC), three control clusters (DeF), sequential implementation of the
intervention, intermittent measurements of the dependent variable,
and optional implementation of the intervention in control clusters
after the conclusion of the study. The letter O indicates measurements
of the dependent variable, and the letter X indicates implementation
of the intervention. The letters AeF indicate six clusters. The gray
shading indicates that the cluster has received the intervention.

intervention. Assuming S denotes the number of steps, the
stepped wedge design requires (S þ 1) / 2 times as many
measurements when compared with a classic cluster RCT
(e.g., (6 þ 1) / 2 5 3.5 times as many measurements in
Fig. 1 compared with Fig. 2). Clearly, the increased amount
of data obtained in this way leads to more precise estimates
of treatment effects and hence increased power. However,
based on the findings of Hussey and Hughes [3], we can conclude that the power advantage of the stepped wedge design
derives primarily from this increase in the amount of data collected and not from the increase in randomization steps.
Hence, one could essentially obtain the same amount of
power by simply adding an equivalent number of pre- and
postintervention measurements in the classic cluster RCT.
Moreover, the study by Pearson et al. [4], which has been
cited by Mdege et al. as supporting the claim that the stepped
wedge design has higher power, provides no statistical evidence with respect to this claim. In fact, Pearson et al. [4] only
provide an informal comparison between the implementation
of a particular intervention using the stepped wedge design
vs. a nonrandomized pretesteposttest design.
4. Argument 4: the stepped wedge design allows an
intervention to be improved during the study
Because the intervention is rolled out sequentially over
time in the stepped wedge design, it is possible to improve
or refine the intervention or its delivery where necessary
with each successive implementation step.
Counterargument: improvement of an intervention
would also be possible in a classic cluster RCT in which
clusters are sequentially initiated
As explained in response to argument 2, sequential implementation of an intervention across clusters is also possible in a classic cluster RCT. Hence, it would also be
possible to improve an intervention or its delivery before
it is initiated in the next cluster. However, whether it is desirable to adapt the intervention during the runtime of a trial

As we argued, the proclaimed arguments in favor of the
stepped wedge design do not provide important advantages of this design compared with the classic cluster
RCT. Furthermore, we believe that the stepped wedge
design has a number of important disadvantages that must
be taken into account when considering the use of this
design:
1. A trial using the stepped wedge design will take much
longer to conduct than a classic cluster RCT. In the
worst-case scenario, the duration of a stepped wedge
design will be the duration of a classic cluster RCT
multiplied by the number of steps. Our example
shows that a study using the stepped wedge design
with six clusters and six steps (Fig. 1) can take up
to six times longer than a classic cluster RCT
(Fig. 2). This has important consequences for the feasibility of studies using the stepped wedge design.
Furthermore, this design limitation makes it more difficult to study interventions that require a long-term
follow-up to estimate their effect.
2. The repeated measurements of the dependent variable put a heavy burden on patients, caregivers,
and researchers. Furthermore, it may be difficult to
explain to the patients and caregivers involved why
so many measurements have to be taken while the
intervention has not even started. As a consequence,
the quality of data collected in a stepped wedge
design may suffer [5].
3. There is an increased risk of contamination and attrition in patients from a cluster in a stepped wedge design that is supposed to receive the intervention at one
of the later steps. Especially in a situation where an
intervention is believed to be superior to control
(which has been stated as an argument in favor of
the stepped wedge design), both patients and caregivers will probably want to receive or deliver the intervention as soon as possible. In clusters that are
starting at a later time point (which may be several
months or years later, depending on the duration of
each step), there is an increased risk of control patients dropping into the intervention or withdrawing
from the study entirely. For example, caregivers
may start to deliver the intervention in patients who
would benefit from the superior intervention. Similarly, patients may seek the superior intervention in
one of the other clusters (which often are other health
care centers). Of course, such problems may also occur in a classic cluster RCT in which an intervention
is rolled out to patients over a longer period of time.
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4. The most important disadvantage, in our opinion, is
that an intervention is implemented in all clusters of
the stepped wedge design, whereas it has not yet been
proven to be effective. If the intervention turns out to
be ineffective, it would mean that large numbers of
patients received a useless intervention. In a classic
cluster RCT, it is also possible to roll out the intervention to all patients from the control group, but this can
be done after the intervention has been proven to be
effective in the intervention group. Furthermore, it
is possible to judge the effectiveness of the intervention much faster with the use of a classic cluster RCT.
Consequently, patients from the control group of such
a trial will receive a proven effective intervention at
an earlier stage than if they had participated in a trial
of the same intervention but evaluated using the stepped wedge design.
6. Conclusion
The use of the stepped wedge design is increasing. Although this design may seem attractive to patients, caregivers, and researchers, we have argued that the proclaimed
advantages of the stepped wedge design are no real advantages. Furthermore, the stepped wedge design has several

important disadvantages compared with the classic cluster
RCT, such as increased burden of measurements, extended
trial duration, and excessive administration of an unproven
intervention. Taking these considerations into account,
the use of the stepped wedge design cannot be recommended.
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