
Dr Paul Clarke example project 1:  

Developing Structural Mean Models for Complex Mediation Pathways 

A randomised controlled trial in which patients (or their physicians) are not constrained to select the treatments to 

which they were randomized is often called an ‘encouragement design’.  If non-compliance depends on unobserved 

factors which are also associated with the study outcome then there is said to be ‘unobserved confounding’.       

Structural mean models (SMMs) are semi-parametric models for estimating the causal effect of treatments in 

encouragement designs with unobserved confounding (Robins 1994; Goetghebeur and Vansteelandt 2005).  SMMs 

use the randomisation as an instrumental variable to adjust for unobserved confounding.  An instrumental variable is 

associated with treatment selection but is a) independent of the unobserved confounding variables and b) 

associated with the study outcome only through its association with treatment selection (Angrist et al 1996).  

Estimation of SMMs is conventionally performed using ‘G-estimation’ (Robins 1994) and its extensions, but recent 

work has introduced an alternative approach based on the generalised method of moments (GMM) from 

econometrics (Clarke et al 2011). Some issues remain to be resolved, but an important advantage of GMM 

estimation for practice is that it can be performed using readily available routines in the software packages Stata and 

R. 

In this project, you will focus on the use of SMMs for ‘mediation analysis’ of randomised controlled trials (Emsley et 

al 2010).  You will review the use of structural nested mean models and SMMs in biostatistics, and the estimation of 

these models using G-estimation and its alternatives.  Starting with Ten Have et al (2007), you will then develop a 

general modelling framework for mediation analysis.  The direction in which you develop this framework is up to 

you, but it should address some of the following practical issues: 

 Multiple mediators of different measurement types (continuous, binary, counts, etc.) 

 Identification of causal effects using interactions between baseline covariates and the randomisation 

indicator. 

 Identification using instrumental variables other than the randomisation indicator. 

 Estimation of indirect causal effects when the mediator variables follow nonlinear models. 

 Estimation using GMMs versus likelihood-based and least-squares methods 

 Interpretation within the ‘principle stratification’ framework (Frangakis and Rubin 2002). 

It is expected that data from a complex trial of a treatment for depression will be available for analysis.  However, 

this project is primarily methodological, and the formal assessment of your method will be done using appropriately 

designed simulation studies.  As well as being comfortable with the basic concepts of statistical inference, the 

successful applicant should also be comfortable with basic mathematical skills like algebraic manipulation and 

calculus, and happy to learn to program using statistical software packages like R and Stata.    
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