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Abstract: The ‘stepped-wedge cluster randomised trial’ (SW-CRT) harbours promise when for ethical or practical 
reasons the recruitment of a control group is not possible or when a staggered implementation of an intervention is 
required. Yet SW-CRT designs can create considerable challenges in terms of methodological integration, 
implementation, and analysis. While cross-sectional methods in participants recruitment of the SW-CRT have been 
discussed in the literature the cohort method is a novel feature that has not been considered yet. This paper provides a 
succinct overview of the methodological, analytical, and practical aspects of cohort SW-CRTs. We discuss five issues 
that are of special relevance to SW-CRTs. First, issues relating to the design, secondly size of clusters and sample size; 
thirdly, dealing with missing data in the fourth place analysis; and finally, the advantages and disadvantages of SW-
CRTs are considered. An Australian study employing a cohort SW-CRT to evaluate a domiciliary aged care intervention 
is used as case study. The paper concludes that the main advantage of the cohort SW-CRT is that the intervention rolls 
out to all participants. There are concerns about missing a whole cluster, and difficulty of completing clusters in a given 
time frame due to involvement frail older people. Cohort SW-CRT designs can be successfully used within public health 
and health promotion context. However, careful planning is required to accommodate methodological, analytical, and 
practical challenges. 
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1. INTRODUCTION 

The ‘stepped-wedge cluster randomised trial’ (SW-
CRT) is a form of unidirectional cross-over design. The 
randomisation occurs before the start of the trial. 
Usually all clusters start the trial in a control phase then 
sequentially cross over from the control condition to the 
intervention condition, until all clusters are receiving the 
intervention. It is a pragmatic study design which can 
reconcile the need for robust evaluations with 
contextual or logistical constraints. It has been used for 
the evaluation of service delivery interventions, it is 
particularly suited to evaluations that do not rely on 
individual participant recruitment. 

The stepped wedge design is especially useful 
when the intervention is thought to do more good than 
harm [1-3]. The parallel designs withdraw or withhold 
the intervention from a proportion of participants (i.e. 
half on the clusters) which could be unethical. In many 
situation (because of the limited capacity of the 
research team, or logistical, financial issues or other 
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contextual reasons) it is not possible to deliver the 
interventions to all participants simultaneously. In such 
cases a staggered implementation of the intervention 
making use of a SW-CRTs could be the optimal 
solution.  

In the stepped wedge designs the intervention effect 
can be estimated from both between- and within-cluster 
comparisons, this means that the clusters act as their 
own controls because they are exposed to both control 
and intervention conditions. This can result in more 
statistical power compared to a parallel cluster design 
with the same number of measurements, which can be 
considered as another advantages of the stepped 
wedge design [4].  

We identified two recent systematic reviews of SW-
CRTs [5, 6]. These systematic reviews were broadly 
concerned with identifying the scope of stepped wedge 
studies, rather than being systematic reviews of quality 
of design, analysis and potential advantages and 
disadvantages of SW-CRT. The latest of these reviews 
[6] identified 10 protocols for SW-CRTs and 15 
completed study publications. The systematics reviews 
highlighted the diverse areas of application of SW-
CRTs as interventions focusing on public health 
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promotion in developing countries, education, and 
improvements in housing. 

When planning a SW-CRT with repeat measures 
within a community-based setting, one is faced with 
three choices in terms of study design: (1) the cohort 
design, (2) the cross-sectional design, and (3) a mixed 
cohort/cross-sectional design. In a cohort design, the 
same subjects within the clusters will be measured 
repeatedly over time. In a cross-sectional design, 
different subjects will be measured at specified time 
points. A mix of the cohort and cross-sectional designs 
is also possible. In the case of a mixed cohort/cross-
sectional design, some participants will be followed 
over the course of the study period, whereas others will 
be replaced during the study. The chosen design has 
implications for the precision, sample size, and 
potential bias [7]. The design, sample size calculation, 
analysis and challenges of the cross-sectional SW-
CRTs have been previously reported [1, 5, 6, 8]. But to 
the best of our knowledge there is no publication that 
focuses on these issues in the context of a cohort SW-
CRT design. Based on a study employing a cohort SW-
CRT undertaken by the authors, this article outlines key 
design considerations and challenges of employing a 
SW-CRT within the context of an evaluation of a domi-
ciliary social care intervention involving older Australians. 

There are a number of challenges that arise from 
SW-CRT designs. Some of these challenges are 
common to all SW-CRTs and some are specific to the 
cohort design. In this paper we will consider five areas 
in particular: design consideration, sample size and 
statistical power, missing data, analysis method and 
challenges and facilitators regarding the 
implementation of cohort SW-CRTs. The article is 
organised in the following fashion: In Sections two to 
five design, analytical issues related to SW-RCTs are 
described. In section six we illustrate some of the 
practical implications of applying a cohort SW-CRT 
within an aged care context making use of a recent 
study conducted by the authors to highlight enablers 
and challenges. The study was based on a cohort SW-
CRT to evaluate an intervention designed for older 
people receiving domiciliary aged care. A detailed 
description of this study is beyond the scope of this 
article and has been published elsewhere [9]. Section 
seven provides a discussion and conclusion of the 
main points raised in the article.  

2. DESIGN CONSIDERATIONS 

In general terms, there are two categories of cluster 
trials: parallel and staggered cluster designs (see 

Figure 1). In the parallel cluster randomised trial, 
clusters are randomised either to the intervention or 
control arm at the beginning of the trial and remain in 
that arm for the duration of the study (Figure 1a). 
Control and intervention conditions are implemented 
concurrently. This design may be expand to include a 
control condition period for the cluster receiving the 
intervention (Figure 1b).  

In the SW-CRT, this is extended so every cluster 
switches from control to become exposed to the 
intervention there for each cluster provides pre-
intervention and post-intervention, but not at the same 
point in time (Figure 1c). When designing a stepped 
wedge cluster-randomised trial, the number of clusters, 
number and length of steps, and number of clusters 
randomised at each step need to be determined. The 
complete stepped-wedge design thus assumes that at 
each step at which a cluster switches from control to 
intervention condition data will be collected for all 
clusters. In some circumstances there are transition 
periods where the cluster cannot be considered as 
either exposed or not exposed. Some designs allow for 
such a transition period by not collecting data during 
the intervention period (Figure 1d). The SW-CRT 
characteristic such as number of clusters and steps, 
length of steps and number of clusters at each step are 
usually influenced by logistical considerations. For 
example, the availability of eligible clusters may limit 
the number of clusters included. When the motivation 
for using the stepped wedge design is the flexibility in 
implementing the intervention in a staggered manner 
an important factor in the study design is the system’s 
to implement the service change (Figure 1e). The 
chosen design can be illustrated schematically, as in 
the case of the case study mentioned below (Figure 
2a). 

The Case Study 

The control condition consisted of community aged 
care as usual based on conventional case 
management, care facilitation, and the assistance of 
paid carers. The intervention consisted of a self-
directed care model allowing participants to take 
greater control of the care they received. It was 
designed as an ‘incremental capacity building’ model 
(hereafter the CHOICES model) where self-direction 
begins at a lower level with participants taking on the 
development of their care plan (Level 1). To achieve 
this, participants are mentored by case managers. As 
participants become comfortable with designing their 
own care plan, they can assume control of care 
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coordination responsibilities (Level 2). Again, 
participants receive the support of case managers until 
they feel comfortable to manage service providers. At 
Level 2, participants have access to comprehensive 
lists of service providers, their hourly rates, and the 
scope of services provided. Moreover, participants 
have access to an information pack outlining the most 
important services in their municipal region. Once 
comfortable with Level 2, they can elect to manage 
care services more directly assuming financial, 
administrative, and bookkeeping responsibilities (Level 
3). In the CHOICES project, Level 3 takes the form of a 
voucher option with a minor cash component made 
available in the form of a debit card. Core services 
such as home and personal care are paid through a 
broker agency rather than directly by the client. Only 
peripheral services such as massages or 
complementary therapies were paid directly by clients.  

In order to evaluate the impact of this self-directed 
domiciliary model of aged care intervention, we 
undertook a cluster-randomised, stepped-wedge 
controlled trial over 19 months. The design was a 
cluster-randomised trial in a form of cohort design with 
unidirectional cross-over (from control to experimental) 
on the same participants. The evaluation involved the 
measurement of the effects of the CHOICES project on 
clients’ satisfaction with community aged care services, 
quality of life, subjective health, and perceived quality 
of care.  

We partnered with seven community aged care 
organisations that provide services to people living in 
regional/rural, Greek, and indigenous communities in 
Victoria, Australia. Participants from each organisation 
were randomly assigned across five clusters. This 
meant that each cluster had an equal number of 

 
Figure 1: Comparing SW-CRTs to other cluster designs. 
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Participants from one collaborating organisation experienced a shortened intervention period. The organisation supplied 38 clients.  
As Figure 2b indicates the period was shortened between 3 (cluster 1) and 2 months (most other clusters). All these participants included in the primary outcome 
analysis. 
 
Figure 2: The CHOICES trial profile: a) the intended, and b) the actual timeline. 

participants from each of the participating service 
providers. Managers provided an introduction to the 
study and invited eligible clients to participate in the 
trial. The contact detail of interested clients were, with 
their permission, forwarded to the research team. 
Clients were contacted by a team member and 
informed consent was obtained. Clients interested in 
participating in the trial from these organisations were 

randomly assigned to the five clusters contained 198 
participants at Baseline and 137 participants at the end 
of the trial (Figure 2a). The full protocol for the trial has 
been reported previously [9]. In order to be eligible, 
clients had to be in receipt of a commonwealth aged 
care package. At the time of implementation, aged care 
packages were available in the form of low-care 
Community Aged Care Packages (CACPs) and high-
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care Extended Aged Care in the Home (EACH) 
packages and EACH packages with a dementia 
supplement (EACH-Ds). At baseline, the mean age of 
Regional/rural clients was 79.8 (SD 2.43), that of Greek 
clients 80.0 (SD 3.00) and that of Indigenous Elders 
67.8 (SD 2.50). These age differences were statistically 
significant. The study was approved by Deakin 
University’s ethics committee. 

Randomisation Process 

A total of seven organisations participated in the 
study. Since the study involved three distinct ethnic 
groups, we decided to randomly assign participants 
from each of the participating organisations to five 
clusters. We aimed to recruit a total of 200 frail older 
people and 198 were assigned to the five clusters. 
Randomisation took place around two month before the 
beginning of the trial. Computer-generated random 
numbers were used to make this allocation.  

Procedures 

Participating care facilitators were trained and 
mentored in the intervention condition starting 
approximately 2 months before commencement of the 
trial. Each cluster contained a five week data collection 
period (the study included one cluster with a six week 
data collection period taking into account delays 
resulting from absences due to Christmas and New 
Year) during which informed consent and baseline data 
was collected. After the initial five week period, each of 
the clusters was switched to intervention mode. The 
point in time at which the switch to intervention 
occurred, was the starting point for the data collection 
phase of the next cluster. 

Changes to the Study Design 

The design was subject to one major change. One 
service provider decided to withdraw 80% of its eligible 
clients at the beginning of the trial. As a result, a 
seventh aged care provider was recruited. Clients 
associated with this service provider were randomly 
assigned to the clusters as the intervention had already 
commenced. These clients experienced a shortened 
intervention period (See Figure 2b). Moreover, other 
delays impacted on the way a number of clients 
experienced the intervention period. The reasons for 
these delays are outlined below. 

3. SAMPLE SIZE  

Sample sizes calculation is more complicated in 
clustered RCT compared with RCTs based on 

individual level data because instead of a single 
sample size the number of participants per cluster and 
the number of clusters should be determined. The 
number of clusters is an important factor since there 
are certain designs for which increasing the number of 
subjects per cluster will never achieve a required 
power. A major difficulties in sample size estimation is 
that for a continuous outcome, the variance of the 
outcome measure may be uncertain, and for binary 
data the incidence of the outcome event may be 
unknown. This is more difficult in cluster trials because 
we also do not know the intra-class correlation (ICC). 
The ICC defined as the ratio of the between-cluster 
variance to the total variance of an outcome variable, 
and the design effect (DE) defined as the ratio of the 
variance of an outcome measure when clustering is 
accounted for to the variance of the outcome measure 
when clustering is not accounted for, are two alternate 
approaches for presenting the clustering effect on an 
outcome variance. A consequence of the correlations 
between individuals in the same cluster is that a cluster 
trial will require a larger sample size than a 
corresponding individually randomised trial. Unlike the 
parallel design in a step wedge design the number of 
clusters exposed to the intervention increases as the 
study progresses unlike the parallel design in number 
of the exposed clusters are fixed at all-time points. This 
means that that in stepped wedge studies DE is no 
longer applicable [1]. On the other hand, pre-and-post 
intervention comparison within each cluster is possible 
in the step wedge designs which tends to reduce the 
impact of cluster effects. Sample size and power 
calculations have only been described only for cross-
sectional stepped wedge designs [2, 3]. It has been 
showed that cross-sectional step wedge designs is 
always more efficient in regard to the required number 
of clusters [3]. The total number of required participants 
in stepped wedge trials depend on ICC, the number of 
clusters in the study, the number of observations in 
each cluster, and structure of the design [10]. Methods 
for calculation required sample size or statistical power 
for a cross-sectional stepped wedge have been 
implemented in the statistical software package Stata 
[11]. The methods assume equal numbers of 
observations per period in each cluster. Similar 
considerations could apply to cohort designs. In 
general, cohort studies are more powerful than cross-
sectional studies [7]. In the SW-RCTs with cohort 
design both within-cluster and within-subject 
comparisons can be used to estimate the treatment 
effect as a result of repeated measurements of the 
same subjects. Therefore, the required sample size for 
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a cohort study will be smaller than for a cross-sectional 
study. Yet, there is no algorithm available for 
calculating the power or sample size in a cohort 
stepped wedge trial, nor implementation in a statistical 
package for this design. 

4. ANALYSIS 

Participants and clusters’ characteristics should be 
summarised by intervention status to evaluate selection 
biases and lack of balance. If possible these 
characteristics can be compared by randomisation 
group per steps. This should include the numbers 
analysed, the average cluster size, cluster charac-
teristics, and important participant characteristics.  

Both conditional and subject-specific models has 
been used to account for clustering effect in the SW-
RCTs [5, 6]. Conditional models use random effects to 
reflect the correlation among individuals within the 
same cluster; the individuals are assumed independent 
conditional on those random effects [12]. Marginal or 
population-averaged models define the marginal 
expectation of the response variable as a function of 
the predictor variables and assume that the variance is 
a known function of the mean; a correlation structure 
for within cluster individuals should be specified [13]. 
For normally distributed linear models interpretation of 
the regression coefficient for the intervention effect is 
the same in conditional and marginal models; however, 
for other members of the exponential family 
distributions (e.g. binary and count responses), the 
intervention effect from a marginal model is smaller 
than that from a conditional model and has a different 
interpretation [14]. In cohort and mixed designs, within 
individual correlation resulted from multiple 
measurements of the same participants over the 
course of the study should also be considered. This 
introduces an additional randomisation effect at the 
level of the individual in the model. A possible option 
for these designs are multilevel models [15]. Ignoring a 
level of clustering in the data and conducting simpler 
regression analysis would generally result in unbiased 
estimates of the fixed effects. However, the standard 
errors of all fixed effect coefficients are biased 
downwards [16, 17]. More specifically ignoring one 
level of data hierarchy in models for cohort or mixed 
designs SW-RCTs increase the risk of Type I statistical 
error. This underestimation bias is more problematic for 
non-linear models than for linear models. Results of a 
simulation study showed that with an average of only 
five observations per group, valid and reliable 
estimates of all parameters can be obtained when 

using two-level models with either a continuous or a 
discrete outcome [18]. Calendar time is a potential 
confounder in SW-RCTs and should be adjusted for in 
the analysis. Dealing with calendar time as a fixed 
effect and including a period effect parameter in the 
model to adjust for the calendar time has been 
proposed [1]. The estimated ICC and period effect from 
the model are not key issues in the interpretation of the 
intervention effect but reporting them are 
recommended [1] as they are helpful for designing 
future trials and evaluating underlying confounding 
effects of calendar time. 

Consideration should be given to intention-to-treat 
analysis. ITT includes participants who did not get the 
intended treatment or who deviated from the trial 
protocol in the analysis [19]. This approach more 
closely reflects a real-world situation as it provides an 
unbiased estimate of the effect of intervention due to 
the loss of participants [20]. Strategy for intention to 
treat analysis in randomised trials with missing 
outcome data has been discussed and a four point 
framework for dealing with incomplete observations 
has been proposed [21]. This include: I. attempt to 
follow up all randomised participants, II) accounting for 
missing data in the main analysis, III) examining 
departures from the assumption about missingness 
made in the main analysis by performing sensitivity 
analyses, and IV) accounting for all randomised 
individuals, at least in the sensitivity analyses. 

Analysis of the CHOICES Study 

ITT analysis was performed in which all participants 
with missing follow-up data were included in the 
analysis. Primary analyses compared the following 
outcomes between the intervention and the control 
period: cognitive issues, access to additional funding 
(such as armed services subsidies), average years of 
receiving packaged care, accommodation type, and 
highest level of education.  

All analysis accounted for hierarchical nature of the 
design. Two levels of hierarchy were considered: level 
one within participant repeated measures nested within 
the individuals, and level 2: participant-level data that 
were clustered within the three distinct participating 
communities. Hierarchical linear mixed models were 
used as the primary choice for main outcome. Linear 
mixed models using GEE technique with a compound 
summary working variance-covariance structure for 
within individual repeated measures that ignored the 
community aged care clustering effect were also 
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implemented and the results were compared with the 
hierarchical linear mixed models to evaluate necessity 
of an additional random effect in the models. Stata 
statistical software (Release 13) were used for data 
analysis. All primary analyses were adjusted for 
covariates comprising the calendar time in which the 
participants received the intervention (treated as a fixed 
categorical variable), mean age, cognitive issues, 
access to additional funding (such as armed services 
subsidies), average years of receiving packaged care, 
accommodation type, and highest level of education.  

5. THE CHOICES CASE STUDY 

Out of a total of approximately 2000 eligible clients, 
198 agreed to participate and were randomised into 
five clusters (approx. 40 to each cluster). For all 198 
participants, valid baseline data was collected. For 
each cluster, there were two assessment points: at 
Base Line (BL) approximately 1 month prior to the 
commencement of the intervention; and at the end of 
the trial (T2). The four instruments used to measure the 
impact of the intervention were the Adult Social Care 
Outcomes Toolkit, the Personal Wellbeing Index, a 
measure of satisfaction with the quality of care, and the 
12-Item short Form health survey for measuring quality 
of life (SF-12) [22]. In order to compare different 
models properties in estimating intervention impact we 
focused on SF12 outcome for illustration purposes. The 
SF-12 measures 8 health domains as listed in Table 1. 
Four models has been illustrated for comparison: 
independent sample t-test ignoring centres clustering 
effect and time trend (model 1); two-way ANOVE 
accounting for centres effects as a fix factor (model 2); 

ANCOVA accounting for centres effects as a fix factor 
and adjusting for relevant baseline SF-12 domain as a 
covariate (model 3) and GEE accounting for centres 
effects as a fix factor and adjusting for relevant 
baseline SF-12 domain by implementing within 
participant auto-correlation in a exchangeable 
variance-covariance structure. Over the course of the 
10 month intervention, subjectively assessed health 
measures remained very stable, and all four models 
achieved similar point estimate and standard error 
(SE). Model 3 (ANCOVA) has been performed better in 
the term of SE estimation, followed by GEE and 
independent sample t-test.  

6. MISSING DATA 

In cluster trials there are two aspects to missing 
data: missing outcomes from individuals and missing 
clusters. Because data are usually positively correlated 
within a cluster, losing an individual in a cluster has 
less impact than if it were an individually randomized 
trial. However, losing a whole cluster has a large 
impact on the outcome. Missing data can reduce the 
power and efficiency of a study. They can also lead to 
biased results. If missingness of the outcome is 
unrelated to observed or unobserved characteristics of 
the individuals, the missing data are called Missing 
Completely At Random (MCAR). The complete case 
analysis for MCAR data, twill result in unbiased 
estimation of intervention effect but there will be loss of 
efficiency [23]. Missingness is considered to be Missing 
At Random (MAR) if missing data are related to an 
observed variables, but it is not related to the value of 

Table 1: Intervention Estimation Comparison for Sf-12 Domains Using Independent Sample t-Test, Two-way ANOVA, 
ANCOVA and GEE  

Control period Intervention period Model11 Model22 Model33 Model44 

SF12 domains 
Mean SD Mean SD Intervention 

(SE) 
Intervention 

(SE) 
Intervention 

(SE) 
Intervention 

(SE) 

Vitality 3.524194 0.094056 3.548387 0.098743 0.02 (0.09) 0.03 (0.13) 0.02 (0.08) 0.03 (0.09) 

Physical functioning 2.806452 0.099617 2.806452 0.108441 0.00 (0.10) 0.00 (0.08) 0.00 (0.09) 0.00 (0.10) 

Physical role functioning 5.926829 0.213864 5.512195 0.235004 -0.42 (0.24) -0.37 (0.31) -0.39 (0.22) -0.39 (0.24) 

General health 
perceptions 7.622951 0.199011 7.57377 0.229842 -0.05 (0.25) -0.15 (0.30) -0.04 (0.22) -0.12 (0.25) 

Bodily pain 3.08871 0.12387 3.08871 0.119011 0.00 (0.12) -0.03 (0.16) 0.00 (0.10) -0.01 (0.11) 

Emotional role 
functioning 9.790323 0.158786 9.943548 0.160441 0.15 (0.19) 0.13 (0.21) 0.14 (0.17) 0.13 (0.19) 

Social role functioning 3.386555 0.127486 3.470588 0.128993 0.08 (0.14) 0.10 (0.17) 0.09 (0.12) 0.09 (0.14) 

Mental health 10.74797 0.149009 10.73984 0.183933 -0.01 (0.21) -0.02 (0.22) 0.00 (0.18) -0.02 (0.20) 
1Independent sample t-test; 2Two-way ANOVA, 3ANCOVA, 4GEE. 
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the variable that has missing data. Multiple imputation 
and model-based approaches [24] are valid and 
unbiased methods for MAR data, as long as the 
models are specified correctly. The statistical literature 
is rich with methods for handling incomplete data [21, 
25-29]. 

7. STRENGTHS AND WEAKNESSES OF CHOICES 
SW-CRT 

When the stepped wedge design is compared with 
other designs, there are several advantages and 
disadvantages of choosing such a design. The aim of 
the present article was to determine the advantages 
and disadvantages of a stepped wedge cluster 
randomized design for a specific clinical application. 

Disadvantages 

Rigidity of Research Design 

A SW-RCT is a relatively rigid design. Once 
participants are randomly assigned to clusters and 
once the participants of the first cluster have shifted to 
the intervention, it is difficult to make changes to the 
research design. However, in our case the research 
design had to be adapted to the fact that one 
organisation partially withdrew from the project 
considerably reducing the pool of potential participants. 
As a result, an additional organisation had to be 
incorporated in order to ensure that the study had the 
desired power. We did this by distributing participants 
recruited through this additional provider across all five 
clusters. However, this limited the intervention period 
experienced by these participants by two to three 
months (Figure 2b). There is a gap in the research 
literature and there is currently no body of research that 
could assist researchers in dealing with such 
challenges.  

Also, controlling the implementation of a SW-RCT 
involving frail older people can be challenging. Older 
people tend to face health problems and require 
hospital stays, go on holidays or respite breaks, and 
are generally very busy. This can lead to delays in the 
data collection process creating a condition where the 
data collection periods of clusters start to overlap. The 
rigidity of the SW-RCT makes it difficult to deal with 
such and other delays. Additional delays that we 
experienced were linked to the difficulty of 

• obtaining ethics approval from a participating 
organisation,  

• completing the recruitment process in time, 

• completing the informed consent process, and  

• obtaining data during or immediately after the 
Christmas holiday period. 

Bearing this in mind, it would be advisable to plan 
for a longer data collection periods of six to eight 
weeks. However, this would increase the length of the 
trial. In our case this would have resulted in a trial 
approximately two years in length. This would not have 
been feasible. 

Multiple Repeat Measures 

In theory, the SW-RCT design requires less 
participants to arrive at statistically significant outcomes 
because the design incorporates repeat measures of 
the independent variables at the beginning of each new 
step throughout the intervention. In our case, this would 
have meant that participants would have had to be 
contacted every five weeks. It was clear from the outset 
that this was not a viable option. The data collection 
pack included four validated survey tools consisting of 
a total of 64 questions. In light of our experience 
collected during previous studies involving frail older 
people [30], we were certain that our participants would 
not be willing to complete the same survey tools six 
times (indeed, the research assistants found it difficult 
to convince a significant minority of participants to 
complete the survey tools twice, not to mention six 
times). Also, given the difficulty collecting data from a 
sample comprised of frail older people, it would have 
been logistically impossible to collect data at six time 
points. Bearing this in mind, we decided to forgo the 
increased power associated with multiple repeat 
measures in favour of a larger sample size, to make up 
for this loss. 

Attrition 

The stepped nature of the SW-RCT can result in a 
very long trial period. However, involving frail older 
people in long trials is problematic as a longer trial 
period will increase the attrition rate - particularly for the 
last clusters. In our case, clusters four and five ended 
up with considerably fewer participants. Whereas 
clusters one, two, and three, contained 30 and 31 
participants, cluster four and five contained 23 and 21 
participants respectively. 

Integration of Qualitative and Quantitative Design 
Elements 

If SW-RCTs are used to evaluate complex 
interventions, it is likely that they will comprise mixed 
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methods approaches involving qualitative and 
quantitative elements. However, the stepped design of 
a SW-RCT restricts the ways in which qualitative and 
quantitative strands can be integrated. In particular, an 
emergent, fully integrated design would be difficult to 
achieve as such an integration would affect each of the 
clusters in a different fashion, undermining the integrity 
of the research design. As a result of this constraint, a 
sequential integration where qualitative and 
quantitative methods are deployed independently in a 
given sequence or a parallel integration where 
qualitative and quantitative strands are conducted 
independently alongside each other are the most likely 
candidate for mixed methods approaches involving 
SW-RCT [31]. 

Advantages 

The SW-CRT represents a viable alternative to 
conventional Cluster-Randomised Trials when the 
recruitment of a control group would be difficult or 
impossible. For example, the pending introduction of 
policy reforms create an operational context in which 
health and social care service providers would have 
been unwilling to provide a control group. Having to 
introduce organisational change may make it 
strategically undesirable to delay the implementation of 
the intervention, even by a two or three of months. A 
SW-CRT can potentially overcome this difficulty as its 
stepped design coincides with the gradual way many 
organisations implement change. The CHOICES study 
took advantage of this point. The logistic difficulties of 
implementing the intervention at seven sites at once 
was another considerations to choose a stepped 
wedge design for the CHOICES study. 

The SW-CRT design is considered more ethical 
than parallel cluster RCT designs when the intervention 
is believed to do more good than harm [5]. In our case, 
there was enough evidence to support the intervention 
under study was not a burden to the participants 
associated with an increase of costs, there were also 
evidence to support that the intervention improve 
participants’ satisfaction with community aged care 
services and quality of life. 

Another general advantage of the stepped wedge 
design is that it always requires fewer number of 
clusters compared to an equivalent parallel design as 
the design is relatively insensitive to plausible 
variations of the ICC [10]. This advantage was not one 
of the considerations when choosing a stepped wedge 
design for the CHOICES trial. 

8. FINAL RECOMMENDATIONS AND CONCLUSION 

This paper has outlined a number of challenges 
faced by investigators implementing and analysing SW-
CRTs. The general advice is that if you can use a 
parallel randomised design avoid using SW-CRTs [32]. 
However there are instances when a stepped wedge 
design is the only acceptable alternative [33]. For 
example, this was the case for the CHOICES study. 
While the cohort SW-CRT design generated a number 
of difficulties such as the difficulty to control the data 
collection phases and the associated switching point, a 
SW-CRT was the only viable option as service 
providers were not prepared to hold off implementing a 
model that was likely to translate into policy. Thus, we 
were unable to find a control group for the duration of 
the trial.  

Reporting guidelines specific to SW-RCTs do not 
exist but the Consort 2010 extension to cluster 
randomised trials [34] and Consort extension to 
pragmatic trials [35] should be used as guidelines. 
Hemming et al. recommend some minor additions and 
modifications the Consort 2010 cluster extension for 
reporting of stepped wedge cluster randomised trials 
[1]. 

We believe the following recommendations should 
be addressed in designing, analysing, and reporting 
these studies.  

Justify the practical aspects and study 
circumstances for using the SW design. The reasons 
for choosing a SW-RCT design should be explicitly 
stated. Although they are more problematic than 
parallel designs, it should be clear that SW designs are 
sometimes the only option available for addressing the 
research question. Ethical reasons have been 
mentioned as a motivation to choose the stepped 
wedge design rather than a parallel RCT. This 
statement is true at the cluster level but not necessary 
at the subject level. In cross-sectional SW-RCTs similar 
to parallel designs only a fraction of all subjects will 
receive the intervention. It is only in the cohort SW 
designs that all participants will switch to intervention. 
For this reason if there is evidence about effectiveness 
of the intervention or if there is a general believe that 
the intervention benefits overweight the risks, one 
should carefully think about whether an interventional 
study to obtain additional evidence is needed. 
Logistical, practical and/or financial issues have been 
mentioned as reasons to use a stepped wedge design. 
When an intervention cannot be implemented 
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simultaneously to all clusters the staggered 
implementation of intervention through SW-RCT could 
be a solution.  

Randomise the order of receiving interventions in 
clusters to avoid bias. In addition when the outcome is 
measured at individual level lack of concealment of 
intervention implementation date could lead to 
differential selection of participants between per- and 
post-implementation periods. 

Allow for clustering in the analysis. When a SW 
design is used, it is important that the analysis 
addresses the design appropriately. Systematic 
reviews suggest that there are still problems with 
analysing data from WE-CRTs [5, 6]. Performing an 
individual-level pre- and post-implementation does not 
address the design characteristics. The clustering as 
the unit of randomisation cannot be ignored also the 
confounding effect of the calendar time should be 
accounted for in the analysis. Report ICC and 
components of variance in publication. Sample size 
calculation for Stepped wedge designs is currently 
difficult by the lack of information about the magnitude 
of the ICC.  

Adjust for confounding. Stepped wedge designs are 
not parallel randomised designs, so potential 
confounders will not adjust through random assignment 
of the intervention(s) to participants. In addition 
randomisation of the order on receiving intervention is 
not at individual level so the effect of confounding 
factors at the individual and cluster levels does not 
balance out by randomisation. If there are important 
confounding variables at individual and/ or cluster level 
appropriate regression models should be implemented. 
It is important to select appropriate methods of 
modelling to adjust for potential confounders as 
analysis at the cluster level tends to attribute group 
characteristics to individuals (ecological fallacy) [36, 
37]. Multilevel models explicitly model the association 
of observations with clusters [38, 39], while generalized 
estimating equations treat it as a nuisance variable 
[13]. Both methods may require a fairly large number of 
clusters [40, 41]. It is a weakness of stepped wedge 
designs the intervention effect is partially confounded 
with calendar time. The calendar time should be 
adjusted as a confounder factor in the analysis. 
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