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ABSTRACT
The stepped-wedge cluster randomised trial is a popular 
design in implementation and health services research. 
All clusters, such as clinics or hospitals, start in the 
control state, and gradually switch over to treatment 
in a random order until all clusters have received the 
intervention. The design allows for the incorporation of 
an experiment into the gradual roll-out of an intervention 
across clusters. However, the traditional stepped-wedge 
layout may not be the best choice in many scenarios. 
In this article, we discuss modifications to the stepped-
wedge design that maintain a staggered roll-out, but 
which may improve some key characteristics. We consider 
improving the timing of implementation periods, reducing 
the volume of data collection and allowing for the 
recruitment of clusters over the course of the trial.

THE SITUATION IN PRACTICE
The stepped-wedge cluster trial has 
become a mainstay of implementation 
science research.1–3 This study design 
features longitudinal observations of 
clusters, such as hospitals, clinics or care 
homes. Traditionally, all clusters begin the 
trial in the control state and incremen-
tally switch over to the intervention state 
until all clusters have received the inter-
vention.4 5 All clusters provide data in all 
periods of the study. The staggered nature 
of the intervention’s implementation 
over time results in the ‘step’ of ‘stepped-
wedge’. Figure  1a illustrates the classic 
stepped-wedge design with six sequences 
(ie, trial ‘arms’).

The stepped-wedge cluster trial has two 
main benefits that make it an ideal tool for 
evaluation of health service, public health 
and community care interventions. First, 
it can be more statistically efficient than 
a parallel-groups design in some circum-
stances, requiring fewer clusters. Second, 
it may help overcome constraints on 
research resources that prevent half of the 
clusters in the evaluation from receiving 

the intervention simultaneously.3 5 6 The 
design is often used as a way of incorpo-
rating evaluation into planned roll-outs of 
service delivery changes and interventions. 
In addition, many investigators choose 
this design because they want all the clus-
ters eventually to receive the interven-
tion.3 They see the stepped-wedge design 
as a way to incentivise participation in the 
trial, since intervention receipt is guaran-
teed. For example, the Placental growth 
fActor Repeat sampling for Reduction of 
adverse perinatal Outcomes in women 
with suspecTed pre-eclampsia (PARROT) 
trials in the UK and Ireland evaluated 
whether testing for placental growth 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

	⇒ The stepped-wedge cluster trial is 
a useful design in implementation 
science, in which all clusters receive the 
intervention incrementally; however, it 
has several potential downsides that 
can present ethical, financial or practical 
hurdles to its use.

WHAT THIS STUDY ADDS

	⇒ This article describes modifications to 
the stepped-wedge design that can 
improve power, reduce the burden 
on study participants and facilitate 
recruitment in different circumstances.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

	⇒ Improvements and modifications to 
cluster trial designs that address the 
specific circumstances of an evaluation 
can improve the feasibility and 
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costs.
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factor in women with suspected pre-eclampsia reduced 
time to diagnosis and improved maternal and perinatal 
outcomes.7 8 The studies report using a stepped-wedge 
design ‘to increase the social acceptability of the trial to 
the hospitals’. But the incentive argument in favour of 
a stepped-wedge design over a simpler, parallel-groups 
design is moot.9 Not every individual participating in 
a stepped-wedge trial receives the intervention (only 
half of the women in the PARROT trials did). Some 
clusters still have to wait for the intervention. And 
even in a parallel-groups design, we could still offer 
the intervention to all clusters at the end of the evalu-
ation (a wait-list control).

The number of articles per year with ‘stepped-wedge’ 
in the title indexed on PubMed has increased from 25 
in 2014 to 208 in 2024. There are reviews of relevant 
methodology,10 11 a wide range of sample size calcula-
tors12 and an extension to the Consolidated Standards 
of Reporting Trials statement.13 However, the design 
has several characteristics that can undermine its use 
in practice. First, many health service interventions 
require implementation periods for training, infrastruc-
ture or to prevent contamination between control and 
treatment.4 These implementation periods between 
control and treatment states can significantly reduce 
the overall power of a stepped-wedge design. Second, 

Figure 1  Examples of staggered implementation cluster randomised trial designs. Within each sub-figure, each row of the design is a trial sequence to 
which clusters are randomly allocated, each column of the design is a time period and the colour of each cell describes the intervention status for each 
sequence and time period. The designs are: (a) stepped-wedge cluster trial; (b) stepped-wedge cluster trial with implementation periods; (c) stepped-wedge 
cluster trial with long implementation periods; (d) Hybrid stepped-wedge cluster trial with implementation periods; (e) Alternative hybrid stepped-wedge 
cluster trial with implementation periods; (f) Staircase cluster trial; (g) Alternative staircase design with multiple control and intervention periods; (h) Batched 
stepped-wedge cluster trial.
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the simplest forms of stepped-wedge designs are ineffi-
cient from a statistical power perspective. Third, some 
clusters must wait in the control state for a long time, 
withholding the intervention from patients while also 
collecting data. This can present an ethical, financial 
or practical hurdle for healthcare providers. Fourth, 
the stepped-wedge design requires us to recruit and 
randomly allocate all clusters before the beginning of 
the trial. Recruitment of clusters can take time, which 
may limit the time available to conduct the study.

Our aim in this article is to discuss alternatives to the 
stepped-wedge that have similar features, particularly 
that all clusters cross over in one direction and that the 
roll-out is staggered. The modifications and variations 
we describe have several desirable properties without 
sacrificing (much) efficiency and while permitting 
experimental evaluation alongside intervention roll-
outs. We examine several designs and methods that 
address the four concerns outlined above. For some of 
these designs, there are only a small number of applied 
examples in the literature so far, since many of them 
have emerged from relatively recent methodological 
innovations. However, we identify relevant trials 
where possible.

IMPLEMENTATION PERIODS
Implementation periods are required when clusters 
cannot typically switch over from control to inter-
vention states instantly. Instead, clinical staff may 
require training, infrastructure may need improving or 
new systems integrated (figure 1b, c).4 For example, 
3-month implementation periods were used in a 
stepped-wedge trial of integrating a mental health 
programme into chronic care clinics in Malawi. The 
implementation periods were used to train clinical staff 
in the delivery of group therapy and new care path-
ways.14 Some trial designs will also require a ‘closure 
period’ after identification of control participants has 
stopped but before the implementation of the interven-
tion begins, to allow the last control participants time 
to complete their exposure to routine care without that 
being contaminated by the intervention.15 Together, 
the closure period and implementation period form a 
transition period between the periods of identification 
of control participants and identification of interven-
tion participants. To align with other published work, 
and for simplicity, we will continue to use the term 
‘implementation period’ for both.

The inclusion of implementation periods can 
significantly reduce the power of the design relative 
to an equivalently sized trial with no implementation 
periods.9 Table 1 provides a comparison of the power 
of the designs in figure 1 for a continuous outcome 
and one cluster per sequence and a standardised 
effect size of 0.35. When the intracluster correlation 
coefficient (ICC) is relatively high, the power in this 
scenario drops from 80% to 66% between figure 1a 
and b, respectively, and then to 49% for figure  1c 

(table  1). Where a study may be underpowered, the 
standard response will be to increase the sample size. 
However, by understanding why we lose power, we 
can identify some small modifications to the design, 
which can recover most of the power and not require 
much change in the sample size.

STATISTICAL EFFICIENCY
There have been several recent methodological 
studies looking at which cluster trial designs achieve 
the greatest power for a given sample size. These 
are referred to as the ‘optimal’ or most ‘efficient’ 
designs.16–18 For staggered implementation designs, 
including the stepped-wedge, a key finding is that 
not all cells (ie, cluster periods) contribute the same 
amount of ‘information’ to the estimated treatment 
effect. This means that the consequences of losing a 
cell on the power of the design is not the same for each 
cell; indeed, some cells can be removed from the full 
stepped-wedge design with almost no loss in power.

In a stepped-wedge design, the most informative 
cells are those on the main diagonal where clusters 
cross over from control to treatment.16 Extending this 
finding, we can observe that the most informative time 
periods, where we should place the greatest amount of 
budget and effort, are those with contemporaneous, 
randomised comparisons of intervention and control 
participants.

In figure 1a, the most informative time periods are 
2–6. The designs with implementation periods have 
fewer time periods with contemporaneous compari-
sons: four out of eight in figure 1b and only three out 
of nine in figure 1c. Indeed, figure 1c effectively has 
three baseline and three endline periods, and so most 

Table 1  Comparison of power for the designs in figure 1 for 
a standardised effect size of 0.35, one cluster per sequence, a 
cluster-period size of 20, cross-sectional sampling and a cluster 
autocorrelation coefficient of 0.8 with a block exchangeable 
correlation structure

Design ICC Power (%)

(a) 0.05 80
0.01 91

(b) 0.05 66
0.01 78

(c) 0.05 49
0.01 60

(d) 0.05 79
0.01 93

(e) 0.05 68
0.01 86

(f) 0.05 59
0.01 67

(g) 0.05 70
0.01 86

ICC, intraclass correlation coefficient.
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of the observations in the study contribute the equiva-
lent of a before-and-after type design. However, if we 
were to shift the implementation periods to just before 
and just after the study in the first and last sequences, 
and so maintaining a staggered roll-out, as shown in 
figure 1d, we can recover almost all the power lost due 
to incorporating implementation periods (table  1). 
Such a design is often called a ‘hybrid’ design as it 
incorporates sequences where clusters remain in the 
same treatment condition (control or intervention) 
throughout the evaluation (effectively a parallel-
groups design), as well as sequences that incrementally 
cross clusters over in a staggered fashion (a tradi-
tional stepped-wedge design).18 Indeed, if we drop the 
first and last time periods, as shown in figure 1e, the 
resulting design has comparable power to the original 
stepped-wedge design with implementation periods 
(figure  1b) with 25% fewer observations and time 
periods.

EXPOSURE TIME EFFECTS AND STAIRCASE 
DESIGNS
The full or ‘complete’ stepped-wedge design requires 
data collection in every period in every cluster 
(except implementation periods). For larger designs, 
running over long periods of time, this data collec-
tion can represent a significant burden on clusters 
and patients where the data are not abstracted from 
routine sources. The design also requires collecting 
control data for an extended interval in some clus-
ters, which could arguably test their patience when 
they have agreed to participate in an evaluation of the 
new intervention. (Note that whether we collect this 
control data or not, there will be some clusters in a 
stepped-wedge design that have to wait a long time 
before they get the intervention, and the ethical chal-
lenges of this will remain).19 This problem could be 
exacerbated in designs that include cohorts of patients 
whose inclusion in the study requires their identifica-
tion as having a treatment need, but who must wait to 
receive treatment. For example, trials of interventions 
for mental healthcare will require screening patients 
to collect data on the presence and severity of a condi-
tion, which may not have been collected in standard 
practice. In a stepped-wedge setting, though, these 
patients may not then receive any intervention until 
much later in the study.

There is growing interest in the ‘staircase’ cluster 
trial design, which includes only the cells on the 
main diagonal (figure  1f, g), and other ‘incomplete’ 
designs where data are not collected in every period 
in every cluster.20 Staircase designs are often the most 
efficient way to allocate experimental resources in 
these settings.21 If the number of observations can 
be increased on the main diagonal of the designs, 
then one generally requires significantly less data to 
achieve the same power relative to a stepped-wedge 
design with equal size cluster periods. In addition to 

the cost-efficiency argument, these designs also only 
require clusters to actively participate in the trial for a 
small number of periods, which can reduce the burden 
on patients and clinics. They also focus attention on 
the effect of the intervention immediately after its 
introduction—useful if this is when the intervention 
effect is at its strongest, but not if the benefits of the 
intervention take a while to achieve.

The Data-driven Quality Improvement in Primary 
care study22 was a cluster randomised trial evaluating 
an education-based intervention to reduce high-risk 
prescribing in primary care practices in Scotland. 34 
practices were randomly allocated to one of 10 trial 
sequences, which formed a staircase design. Outcome 
data were collected at six time points pre-intervention 
and six post-intervention, with staggered start dates 
to form a staircase similar to figure 1g. A trial of the 
Extension for Community Health Outcomes model23 
to improve clinical practice and knowledge around 
autism screening and comorbidity management also 
adopted a staircase design. Ten medical centres were 
randomly allocated to one of five trial sequences with 
four total data collection time periods (two control 
and two intervention). This design was justified by the 
need to efficiently distribute data collection resources 
across the clusters during the study.

CONTINUOUS CLUSTER RECRUITMENT AND 
BATCHED DESIGNS
For parallel cluster trials, as with individual-level trials, 
it is straightforward to randomly allocate participants 
and clusters as they are recruited into the study, even 
after the study has started. However, the staggered 
implementation trial designs covered in this article 
require the recruitment and randomisation of all clus-
ters before the trial starts. This requirement could 
delay already lengthy trials and still present an issue 
for clusters who may have to wait for long periods of 
time before starting their participation in the trial. It 
is possible, instead, to randomly allocate clusters while 
continuing to recruit new clusters. To maintain the 
benefits of randomisation, we still need to randomly 
allocate groups or ‘batches’ of clusters at once, so that 
the order of treatment initiation is not determined by 
recruitment date alone.24

A batched stepped-wedge design is illustrated in 
figure 1h.24 Smaller groups of clusters are randomly 
allocated within smaller stepped-wedge designs. When 
the next group (or batch) of clusters is ready, they are 
then randomly allocated within the next substudy 
(which might or might not overlap with previous 
substudies), and so forth. One may view this design 
also as an incomplete stepped-wedge design that uses 
a restricted randomisation mechanism. The substudies 
need not be full stepped-wedge designs; batched rando-
misation could be applied to staircase or other designs 
with differing start dates. As with any other type of 
restricted randomisation, one must ensure appropriate 
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adjustment for the factors determining the randomis-
ation in any analysis. Specifically, one must adjust for 
batch but potentially also the interaction between time 
and batch if there is overlap.24

The European Society of Coloproctology (ESCP) 
Safe-anastomosis Programme in Colorectal Surgery 
(EAGLE) study used a batched, incomplete stepped-
wedge design to evaluate an educational intervention 
to reduce anastomotic leak after right colectomy.25 
The clusters were surgical units, and they were 
randomised in a series of batches, roughly every 2 
months, provided at least 18 clusters were ready to be 
randomised at this point (batches varied in size). Each 
batch then participated in a substudy with a three-
sequence staircase design. The authors noted that the 
batched design allowed for sequential entry of the clus-
ters and staggered start times, which allowed them to 
manage a global study that was interrupted at several 
points by the COVID-19 pandemic. The SCANPatient 
trial will use a similar design to evaluate the effects of 
a new reporting template on the diagnosis of pancre-
atic ductal adenocarcinoma.26 The trial will use three 
‘batches’ of 10–12 hospitals randomly allocated to a 
stepped-wedge substudy with five sequences each.

CONCLUSIONS
We have described several stepped-wedge variants 
in this article that may alleviate some of the issues 
presented by a traditional stepped-wedge trial. The 
approach to analysis for these designs is the same as 
for the full stepped-wedge,27 with the same consider-
ations for allowing for clustering and correlation,27 
small sample biases28 and appropriate adjustment 
for the restricted randomisation scheme in the case 
of batched designs. Several studies have highlighted 
the greater efficiency and better value for money that 
might be leveraged by considering staircase and other 
incomplete designs,16 at least in situations where the 
primary data are not routinely collected.29

The cluster trial can be highly flexible in its design, 
especially when data can be collected longitudinally. 
Many practitioners, though, are only familiar with 
‘classic’ interpretations of these designs. We have 
aimed to highlight that these designs need not be a 
Procrustean bed. The timing of data collection and 
intervention roll-out can be designed to suit often 
complex real-world circumstances and facilitate the 
inclusion of rigorous evaluation into the roll-out of 
interventions across health and social care.
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