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IntroductIon
The last 10 years have seen an extraordi-
nary surge of interest in ‘stepped wedge’ 
designs for evaluating interventions to 
improve health and social care. Reviews 
of published trials and registered protocols 
have shown an exponential increase in the 
number of trials citing a stepped wedge 
approach.1–6 A growing body of work on 
methods for the design, conduct and anal-
ysis of stepped wedge trials has emerged, 
building on seminal work by Hussey and 
Hughes in 2007.7 The Consolidated Stand-
ards of Reporting Trials reporting guide-
lines for stepped wedge cluster randomised 
trials are now available, making it easier for 
investigators to appraise evidence and plan 
their own evaluations.8

But published examples of stepped 
wedge evaluations in quality improve-
ment illustrate some of the practical chal-
lenges. On the one hand, limited research 
resources may force investigators to stagger 
implementation at different sites9; on the 
other hand, persuading sites to follow 
a precise, predetermined schedule for 
implementation may be hard.10 In fact, 
investigators who plan a stepped wedge 
trial must balance a number of logistical, 
ethical and methodological issues.11 12 In 
this article, we focus predominantly on the 
design of such evaluations, and encourage 
a questioning approach. We take a ‘trial’ 
to mean a study involving the prospective, 
experimental allocation of interventions,13 
but more particularly we focus on studies 
where those allocations are randomised. 
We start with the question of what is meant 
by a stepped wedge trial.

What Is a stepped Wedge cluster 
randomIsed trIal?
The vast majority of stepped wedge trials 
are cluster randomised, and when people 
refer to stepped wedge designs this is 

usually what they have in mind. A cluster 
randomised trial is a trial in which all the 
participants at the same site or ‘cluster’ 
are allocated to the same intervention.14 
Stepped wedge cluster randomised trials 
are run over an extended interval of time, 
allowing clusters to cross over from a 
routine care or ‘control’ condition to 
an experimental intervention condition 
during the trial.15 This means that as well 
as comparing clusters concurrently under 
different conditions, you can compare 
participants in the same cluster before 
and after the introduction of the inter-
vention. In the most common scheme, all 
clusters begin in the control condition, 
finish in the intervention condition and 
cross over at evenly spaced intervals. This 
mimics many natural (non- experimental) 
implementation processes, and stepped 
wedge trials are widely seen as useful for 
evaluating policy changes and other inter-
ventions that were due to be ‘rolled out 
anyway’.2

Exactly what it means for the times-
cale to be ‘extended’ will depend on the 
trial. Stepped wedge trials come in many 
and varied forms.16 One approach is to 
recruit all the participants at the start of 
the trial, and to follow them prospectively 
as a cohort. For instance, an evaluation 
of an emergency admission risk predic-
tion tool in primary care, randomised 
by general practice, followed a single 
cohort of patients registered with partic-
ipating practices at the start of the trial 
period, who were tracked throughout the 
trial. Each month more of the practices 
switched over to using the tool, according 
to a randomised timetable.17

The same study also took a series of 
cross- sectional samples from the larger 
cohort of patients (not necessarily 
the same patients each time) to assess 
quality of life and satisfaction.17 This 
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Box 1 Practical constraints on the design of a 
longitudinal cluster randomised trial

 ► Are there limits on the time available to complete 
the evaluation, on the number of clusters, or on the 
number of participants (or the rate at which you can 
recruit participants) at each cluster? These constraints 
put limits on the overall scale of the evaluation, 
or force trade- offs between different design 
characteristics.

 ► How will participants and their data be sampled in 
your study: as a series of cross- sectional surveys, as 
a continuous stream of incident cases, as a cohort 
followed over time, or some other way? Does the 
timescale divide into cycles, seasons or milestones that 
influence how you will sample participants and data?

 ► Is there a limit on how many clusters can implement 
the intervention at the same time in the evaluation? 
If this is constrained by research resources (eg, if 
there are only enough trained research staff to 
implement the intervention one cluster at a time) then 
implementation must be staggered in some way.

 ► If implementation is to be staggered, is there a 
minimum ‘step length’? If the same team delivers the 
intervention in different clusters at different steps, 
then bear in mind it may take some time to get the 
intervention fully operational at a site, and the team 
will also need time to relocate from one cluster to the 
next.

repeated cross- sectional approach offers another way 
of conducting a stepped wedge trial. Extending the 
timescale in this case simply means scheduling more 
cross- sectional surveys, with clusters (practices in this 
example) crossing from the control to the intervention 
between successive surveys.

A more common approach is to recruit eligible 
participants as they present at clusters in a continuous 
stream.18 In this case, a longer recruitment period 
leads to more participants and more time to cross 
clusters over. For instance, in a stepped wedge evalua-
tion of an intrapartum emergencies training package, 
eligible women were included as and when they gave 
birth at 12 maternity units (clusters) in Scotland.10 The 
investigators anticipated that for every 6 months they 
extended recruitment they could identify, on average, 
1200 more births per cluster (maternity unit). A 
different batch of maternity units was crossed over to 
the intervention every 6 months.

When mIght I consIder doIng a stepped 
Wedge trIal?
Research designs are shaped as much by practical 
constraints as by abstract schemes, and it is always 
a good idea to start with the constraints and work 
towards a design, rather than start with a design and 
try to fit it to constraints. These constraints will be 

unique to each research context, and box 1 lists some 
areas to think about. Still, there are some common 
features of settings where a stepped wedge trial might 
be considered as a possible design, and we now review 
these.

Stepped wedge trials are suited to situations where, 
while it might be easy enough to introduce the exper-
imental intervention to a cluster, it is much harder 
(practically or politically) to take it away again. These 
are interventions that change practice or are difficult 
to unlearn, or that policy has decreed will be rolled 
out anyway. This restriction is sometimes referred to as 
one- way crossover. (There are certainly interventions 
that can be crossed both ways, from control to inter-
vention and back again, but in this case a design with 
two- way crossover—distinct from a stepped wedge—
is recommended: we leave further discussion of these 
cluster randomised cross- over trials to others.)19 20

Stepped wedge designs also implicitly require that 
all of the clusters that will participate in the trial are 
ready to start (to be randomised and commence data 
collection) at the same calendar date—in other words 
that there is no long, drawn- out period of recruit-
ment of sites. Studies where site recruitment will be a 
drawn- out process must follow an alternative strategy 
where each cluster is randomised as and when it is 
recruited, either to the control or to the interven-
tion—just as you would randomise individuals in the 
simplest design for an individually randomised trial.

Remember, also, that one defining feature of a 
stepped wedge trial is that it runs over an extended 
time period. One of the most important questions to 
ask is whether this is necessary at all. In research on 
health services and quality improvement, marshalling 
good evidence quickly is likely to trump most other 
considerations of research design. So, if you can gather 
all the evidence you need without having to schedule 
repeated visits to your sites over months or years, 
or stagger the implementation of the intervention at 
different sites, then this is what you should do. We 
reflect further on some of these issues below.

The motivation for conducting a stepped wedge trial 
that is most commonly cited is also the most question-
able: that a stepped wedge design is necessary when 
you want everyone to have the opportunity to access 
the intervention. This is often portrayed as an incen-
tive for sites to participate, or as an ethical obligation, 
or as a justification based on a concern that sites might 
seek the intervention for themselves outside of the 
trial protocol. We will square up to the logic of this 
argument in the next section.

A much more pertinent question to ask than ‘should 
I give every site the intervention?’ is ‘how long can I 
reasonably ask any site to wait for it?’ This will help 
you understand how much time you have to conduct 
a truly randomised evaluation. If you believe, inci-
dentally, that you have an ethical obligation to give 
everyone the intervention immediately, and if you can, 
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Box 2 How the figures for statistical power in 
figure 1 were calculated

Sample size calculations for trials usually determine the 
number of participants needed to achieve given statistical 
power,28 but here we illustrate the power achieved with 
different design choices assuming that the number of 
clusters (maternity units) is fixed at 10. Four women are 
recruited every month at each cluster. Cluster randomised 
trials generally have less power than individually 
randomised trials because of the similarity of the 
outcomes of individuals who belong to the same cluster: 
this is quantified by the intracluster correlation coefficient 
(ICC).36 Here we assume that the ICC for any two 
women attending the same maternity unit is 0.01. The 
other consideration crucial to the power is the minimal 
clinically important intervention effect we would like to 
have power to demonstrate.37 For illustration, we assume 
we want power to demonstrate a mean difference of 0.4 
times the SD in our primary outcome measure. We have 
used methods for calculating power that are described 
elsewhere.36 38–40 These calculations assume we are 
adjusting for possible changes in outcomes over time. All 
statements of power are at the 5% significance level.

Figure 1 Designs for cluster randomised trials allowing crossover (in 
one direction) from a control to an intervention condition, either during or 
after the end of the trial, showing the statistical power of each design in 
a particular scenario (see box 1). Each row is a cluster and each column is 
a calendar month. Clusters are randomised to intervention sequences at 
the beginning of month 1. Design (A) runs for one month, Designs (B) to 
(D) run for 11 months, and Designs (E) to (G) run for 6 months. Designs 
(A), (D) and (G) are parallel group designs. Designs (B) and (E) are classic 
stepped wedge designs. Designs (C) and (F) randomise clusters to just two 
sequences, but have the same minimum, maximum and average waiting 
time for the intervention as the classic stepped wedge designs (B) and (E),

then a stepped wedge trial is not appropriate (nor is 
any kind of trial). It would be as unethical, in this case, 
to randomise some sites to wait for the intervention as 
it would be to randomise half to the intervention and 
half to control.12

do I need to use a stepped Wedge desIgn?
So, what if we have an intervention that can only be 
crossed in one direction, and we have a number of 
clusters that are ready to be randomised at the same 
time to a trial conducted over an extended period of 
time. How do we arrive at a stepped wedge as our 
design choice rather than any alternative?

Suppose we want to design a trial in a maternity 
unit setting, recruiting women with suspected pre- 
eclampsia, and randomised by maternity unit. Suppose 
we have identified 10 maternity units willing to take 
part, and we are not hopeful of finding any more. For 
this example, we will divide the timetable for the study 
into whole months for convenience and assume that in 
each unit four women are recruited every month. Here 
we explore the statistical power—the likelihood of 
finding evidence for an important effect—of different 
designs. More details on the assumptions behind our 
power calculations are given in box 2.

First, a sense- check: do we really need to extend the 
timescale of our trial? What if we recruited women 
over a single month, with half the maternity units 
allocated to the intervention condition and half to the 
control (20 women in each condition)? This design 
is shown schematically in figure 1A. The power is 
24%—not great, as we usually aim for a target of 

at least 80%, so there is something to be said for 
collecting data over a longer interval. What about a 
stepped wedge design? These are often presented as 
being statistically efficient. Figure 1B illustrates the 
classic stepped wedge scheme with a ‘step- length’, or 
interval between successive roll- outs, of 1 month. The 
power of this design is 91%—much more, in fact, than 
we need.

Now, a perceived advantage of the stepped wedge 
design is that all the sites end up receiving the inter-
vention. But sites still have to wait: for the design 
in figure 1B the average wait is 5.5 months and the 
longest wait is 10 months. If this is unacceptable to 
sites then the design will fail. There are other designs 
with the same waiting characteristics: for the design 
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in figure 1C the average wait is again 5.5 months 
and the longest wait is 10 months. The latter design 
is simpler but does assume that several clusters can 
have the intervention implemented simultaneously. 
What may come as a surprise to some is that this 
simpler design has more power (95%) than the 
classic stepped wedge in the particular situation we 
are modelling—a phenomenon that arises, broadly 
speaking, when either the number of participants per 
cluster or the intracluster correlation (see box 1) is 
relatively small.21 22

If we go further, and abandon the idea that all clus-
ters must begin in the control condition and end in 
the intervention condition, we arrive at the design in 
figure 1D, in which all the clusters are randomised 
to one condition or the other for the duration of the 
trial—that is, a ‘parallel groups’ design conducted 
over the same timescale as our stepped wedge design. 
This turns out to be the most statistically powerful 
design we have yet considered. Not all of the clus-
ters receive the intervention within 10 months, but 
we do not have to leave things like that: we could 
have an agreement with sites to roll out the interven-
tion to all of them immediately after the 11- month 
trial period, while we get on with analysing and 
publishing our results.

But what about that excess power? Could we get 
away with collecting less data? Figure 1E–G shows 
designs run over a 6- month interval, still divided into 
1 month periods. This shows that we can achieve 
86% power with a design that randomises half the 
clusters to the intervention for 6 months, and half to 
control (figure 1G). With a bit more tweaking it may 
be possible to uncover even more powerful alterna-
tive designs,21 22 but this is not the point of the present 
exercise. The point is this: given 10 clusters and a 
step length of 1 month we might have jumped to the 
naïve conclusion that we should run a stepped wedge 
trial lasting 11 months. But this fixed idea would have 
prevented us from seeing in this instance that we could 
get the evidence we needed in a much shorter time and 
with a simpler design—randomising half the clusters 
to the intervention for 6 months, and half to control—
with all sites then being free to receive the interven-
tion (preferentially perhaps) or to go and seek it for 
themselves.

hoW WIll the trIal be analysed?
So far, we have deliberately focused more on the 
design and conduct of stepped wedge trials than their 
analysis, but the two are connected and the latter 
generates just as much discussion. Combining quan-
titative information from between- site and within- 
site comparisons is relatively easy, although the 
methods that are commonly used—mixed regression 
and generalised estimating equations—rely heavily 
on statistical modelling.23 24 Whether it is right to 
pursue complex modelling or to focus on more 

robust approaches to analysis is something meth-
odologists continue to explore.25–27 The challenges 
of data analysis should certainly not be ignored at 
the study design stage: simpler designs will present 
simpler analytical challenges.

One of the most important things when analysing 
a stepped wedge trial is to allow for the possibility of 
secular changes in outcomes over time (this is because 
time is confounded with treatment in a stepped wedge 
design). Yet we know from the work of others that 
this and other aspects of the analysis of stepped wedge 
trials are often handled inadequately in practice.5 6 
Concepts that seemed well defined, such as ‘intention- 
to- treat’ analysis,28 become murkier: if the whole 
schedule for a stepped wedge trial slips by a month, 
do we still analyse according to the schedule we origi-
nally intended? Persuading clusters to comply with the 
precise schedule for crossover requires, in any case, 
a kind of ‘extreme coordination’.10 12 Stepped wedge 
designs also introduce new risks of bias.29 30 In partic-
ular, the extended timescale may mean that individual 
participants are joining the study when the treatment 
condition is already known, leading to potential selec-
tion biases.

dIscussIon
Stepped wedge designs provide a formal framework 
for evaluating interventions implemented at multiple 
sites. In this article we have focused on randomised 
evaluations, although non- randomised studies of 
interventions implemented at different times in 
different sites will share many of the features of 
stepped wedge trials.31 32 The staggered implemen-
tation in a stepped wedge trial is also reminiscent of 
a series of Plan- Do- Study- Act (PDSA) cycles,33 34 but 
the key difference is that the intervention remains 
the same in a stepped wedge trial. (Many stepped 
wedge trials might, incidentally, benefit from initial 
PDSA cycles to improve the intervention before the 
trial begins.)

Staggering the introduction of the intervention at 
different sites can offer statistical efficiency as well as 
practical benefits. But while efficiency and practicality 
may drive the choice of a stepped wedge design,35 
they can equally push you to consider alternatives. We 
recommend asking questions about the context for 
your research and seeking expert advice on design if 
needed, as it has not been possible for us to explore 
every design possibility in this article. Stepped wedge 
trials will undoubtedly continue to find widespread 
application, but they should not be seen as the solu-
tion to every evaluation problem in health services 
research or quality improvement, and in particular 
they are not the only way to ensure that everyone 
gets an intervention within a certain time frame. You 
should only extend the timescale of your evaluation 
and add complexity to the design (and consequently 
the analysis) because you have to, remembering that 
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there are also virtues in getting answers quickly and 
keeping things simple. Whether the stepped wedge 
is a cutting- edge tool or a blunt instrument depends 
entirely on how you use it.
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