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The difficulty of trial analysis

The analysis of trials is, by design, usually simple
What makes it difficult is the need to pre-specify what we are going to do
Most analysis methods make some assumptions
We must anticipate what assumptions will be appropriate for our trial data 
before we see that data
We can end up in a difficult situation if our chosen analysis methods turns out 
to be inappropriate for the data, potentially giving misleading results 



Simpler trial analysis

We can make this easier by choosing analysis methods that
Do not make as many assumptions
Are robust against the assumptions they do make

e.g. T-test



What is a stepped wedge cluster randomised 
trial

Stepped wedge trials are an example where pre-specification can be difficult

Cluster

Period



Example of a stepped wedge trial

Tuberculosis diagnostic test trial, 2012

Switching from the standard test to a new, more sensitive diagnostic test for 
initial diagnosis of TB. 

Impact on patient’s response to TB 
treatment.

Trajman, Anete, et al. "Impact on patients’ 
treatment outcomes of XpertMTB/RIF 
implementation for the diagnosis of 
tuberculosis: follow-up of a stepped-wedge 
randomized clinical trial." Plos one 10.4 
(2015): e0123252.



Example of a stepped wedge trial

Month
Cluster 1 2 3 4 5 6 7 8
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The correlation problem

As with parallel cluster randomised trials, stepped wedge trial analysis must 
account for any between correlation observations
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The correlation problem

Stepped wedge trial analysis must also account for changes to the 
correlations within clusters. 
Same change over time for all clusters?
Or change over time varies between clusters?
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The correlation problem

If change over time varies between clusters, after adjusting for the overall 
time trend, the correlation within clusters will reduce over time
Observations collected closer together in time will be more similar to one 
another than observations collected further apart in time

Time period

1 2 3 4
All observations equally 
correlated within cluster:

Correlation reduces with time 
between observations:



Randomization tests to the 
rescue



What is a randomization test?

Lets start with a simple individually randomised trial. 

We have some observed data collected under the control condition and 
some collected under the intervention condition. 

We use these to estimate the effect of the intervention

𝜽



What is a randomization test?

If the intervention had no effect, it wouldn’t have mattered who received the 
control or intervention conditions: we would have expected to see a similar 
result.



What is a randomization test?

We can mix up the assignment of control and intervention:

And re-estimate an effect of the intervention with this assignment:

𝜽𝟏



What is a randomization test?

We do this many times:

𝜽𝟐



What is a randomization test?

We do this many times:

𝜽𝟑



What is a randomization test?

We do this many times:

𝜽𝟒



What is a randomization test?

Distribution of intervention effect estimates under null hypothesis of no  
effect:
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What is a randomization test?

P value is the probability of observing the same or a more extreme results 
under the null hypothesis of no intervention effect

P=0.10
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Randomization test in stepped wedge trial

For a stepped wedge trial, we mix up the assignment of clusters to the times 
at which they switch to the intervention

መ𝜃



Randomization test in stepped wedge trial

For a stepped wedge trial, we mix up the assignment of clusters to the times 
at which they switch to the intervention

𝜃1



Randomization test in stepped wedge trial

For a stepped wedge trial, we mix up the assignment of clusters to the times 
at which they switch to the intervention

𝜃2



Randomization test in stepped wedge trial

For a stepped wedge trial, we mix up the assignment of clusters to the times 
at which they switch to the intervention

𝜃3



Randomization test in stepped wedge trial

No specification of correlation structure within clusters.

Instead, we honour the structure of the data when we re-assign control and 
intervention conditions



What is the intervention effect 
and how do we estimate it?



Mixed effect model estimator

Mixed effect models model the correlation structure of the data to estimate 
the intervention effect and adjust for time

+  Very efficient

- Assume the correlation structure is correctly specified. If it is incorrect, 
the effect estimate could be biased. This makes them difficult to 
prespecify



Mixed effect model estimator bias
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Mixed effect model estimator bias

Model random effects

Correlation reducing over time

Correlation reducing over time 
+ decreasing variability

Observations equally correlated within clusters

0.2 0.4 0.6

Intervention Effect Log(Odds Ratio)

Random Intercept
Random Period
Random Intervention

Thompson, Jennifer A., et al. "Bias and inference from misspecified mixed‐effect models in stepped wedge 
trial analysis." Statistics in medicine 36.23 (2017): 3670-3682.



Within period estimator

Within-period analysis more robust but less efficient. Different approaches. 
Focus on cluster-level analysis calculated in each period, then combined as a 
weighted average



Cluster level analysis within period

Trial can be split into “parallel” CRTs between clusters switching



Cluster level analysis within period

Trial can be split into “parallel” CRTs between clusters switching



Cluster level analysis within period

Summarise the outcome in each cluster in each period

𝒑𝟏𝟏 𝒑𝟏𝟐 𝒑𝟏𝟑 𝒑𝟏𝟒 𝒑𝟏𝟓

𝒑𝟐𝟏 𝒑𝟐𝟐 𝒑𝟐𝟑 𝒑𝟐𝟒 𝒑𝟐𝟓

𝒑𝟑𝟏 𝒑𝟑𝟐 𝒑𝟑𝟑 𝒑𝟑𝟒 𝒑𝟑𝟓

𝒑𝟒𝟏 𝒑𝟒𝟐 𝒑𝟒𝟑 𝒑𝟒𝟒 𝒑𝟒𝟓

𝒑𝟓𝟏 𝒑𝟓𝟐 𝒑𝟓𝟑 𝒑𝟓𝟒 𝒑𝟓𝟓

𝒑𝟔𝟏 𝒑𝟔𝟐 𝒑𝟔𝟑 𝒑𝟔𝟒 𝒑𝟔𝟓

𝒑𝟕𝟏 𝒑𝟕𝟐 𝒑𝟕𝟑 𝒑𝟕𝟒 𝒑𝟕𝟓

𝒑𝟖𝟏 𝒑𝟖𝟐 𝒑𝟖𝟑 𝒑𝟖𝟒 𝒑𝟖𝟓



Cluster level analysis within period

Use a t-test to compare control and intervention conditions within each 
period and estimate an intervention effect and variance
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Applying it the tuberculosis 
diagnostic test example



TB diagnostic test example

Month
Cluster 1 2 3 4 5 6 7 8
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TB diagnostic test example

Month
1 2 3 4 5 6 7 8

Log odds 
ratio

0.03 -0.26 -0.48 -0.09 -0.33 -0.17

Odds ratio 1.03 0.77 0.62 0.91 0.72 0.85
Weight 0.05 0.07 0.30 0.43 0.12 0.03

Overall odds ratio: 0.78



TB diagnostic test example
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Do they work?



How robust are randomization tests?

Simulation study 
• Generated 1000 dataset to mimic a stepped wedge trial of an 

intervention aimed at increasing uptake of free health checks from 
the NHS

• Time trends varied between clusters so correlation reduced over 
time

• Looked at several different trial designs

Thompson, J. A., et al. "Robust analysis of stepped wedge trials using cluster‐level summaries within 
periods." Statistics in medicine 37.16 (2018): 2487-2500.



How robust are randomization tests?

Randomization tests 
had good 95% 
confidence interval 
coverage with 
reducing correlation 
over time

3x3

3x11

11x3

11x11

Lower correlation 
reducing over time

3x3

3x11

11x3

11x11

Correlations 
reducing over time 

as observed in data

60 70 80 90
Coverage (%)

Mixed effect model
Randomization test

Thompson, J. A., et al. "Robust 
analysis of stepped wedge trials 
using cluster‐level summaries 
within periods." Statistics in 
medicine 37.16 (2018): 2487-
2500.



Other research



Drawbacks



Drawback: Efficiency

Randomization tests are as efficient as parametric methods

Efficiency depends on method of estimating the intervention effect

Within period methods are less efficient than methods that also utilise 
comparisons of control and intervention conditions within clusters (e.g. 
mixed effect models)



Drawback: Efficiency

 No. of 
switch 
points

ICC Relative efficiency

Time trends 
varying between 
clusters

3 0.02 1.0

0.08 0.9

11 0.02 1.4

0.08 1.9

Same time trends 
in all clusters

3 0.02 1.6

0.08 3.5

11 0.02 2

0.08 6.0



Drawback: Common intervention effect

Randomization tests test a null hypothesis that the intervention effect has no 
impact on the outcome. 

Parametric methods tend to only test the average effect of the intervention

Randomization test p-value will be small if 
• the intervention has an effect on average 
OR 
• the intervention has a positive effect in some clusters but a negative effect in 

others.

Result is valid, just answering a different question
Unlikely to know whether this would be the case when writing the analysis plan



Drawback: Common intervention effect
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How to do it?



Thank you
Acknowledgements: Calum Davey, 

Katherine Fielding, James 
Hargreaves, Richard Hayes

jennifer.thompson@lshtm.ac.uk

https://www.lshtm.ac.uk/study/courses/
short-courses/cluster-randomised-trials

mailto:jennifer.thompson@lshtm.ac.uk
https://www.lshtm.ac.uk/study/courses/short-courses/cluster-randomised-trials


P-value depends on random selection

Random selection of randomizations means you can get different p-values 
for the same data set: 
- set a seed
- Use enough randomizations that the interpretation of the p-value is 

unambiguous.



Creating confidence intervals

Test different null intervention effects to find which fall within 5% evidence 
level.

Values Trial arm Testing diff = 4

1 0 1

2 0 2

3 0 3

4 0 4

5 1 1

6 1 2

7 1 3

8 1 4



Creating confidence intervals

Test different null intervention effects to find which fall within 5% evidence 
level.
How to create confidence intervals

𝜃𝜃
𝑝𝑝 = 𝜙𝜙

𝑜𝑜𝑣𝑣(𝜃𝜃)

𝜃𝜃
𝑜𝑜𝑣𝑣 𝜃𝜃 =

𝜙𝜙−1(𝑝𝑝)

95% 𝐶𝐶𝐶𝐶 ≈ 𝜃𝜃 ± 1.96 ∗ 𝑜𝑜𝑣𝑣(𝜃𝜃)



Creating confidence intervals

TB diagnostic test trial:
𝜃𝜃 = log 0.78
𝑝𝑝 = 0.018
𝑜𝑜𝑣𝑣 ≈ 0.104

95% 𝐶𝐶𝐶𝐶 ≈ (−0.45,−0.04)



Creating confidence intervals

Null log odds value p  

-0.45 0.09 Inside CI

-0.5 0.04 Outside CI

-0.48 0.057 Inside CI

-0.49 0.045 Outside CI

CI lower bound = exp(-0.48) = 0.62

CI upper bound = exp(-0.05) = 0.95


	Why You Should Consider Using Randomization Tests To Analyze Your Stepped Wedge Trial
	The Difficulty of Trial Analysis
	Simpler Trial Analysis
	What Is A Stepped Wedge Cluster Randomised Trial
	Example of A Stepped Wedge Trial
	The Correlation Problem
	Randomization Tests to The Rescue
	What Is A Randomization Test?
	Randomization Test in Stepped Wedge Trial

	What Is The Intervention Effect and How Do We Estimate It?
	Mixed Effect Model Estimator
	Mixed Effect Model Estimator Bias
	Within Period Estimator
	Cluster Level Analysis Within Period

	Applying It The Tuberculosis Diagnostic Test Example
	TB Diagnostic Test Example

	Do They Work?
	How Robust Are Randomization Tests?
	Other Research

	Drawbacks
	Drawback: Efficiency
	Drawback: Common Intervention Effect
	How To Do It?

	Thank You
	P-Value Depends On Random Selection
	Creating Confidence Intervals



