
Supplementary Methods 

to “A  randomized,  double-blind  placebo-control  study  assessing  the  protective

efficacy  of  an odour-based ‘push-pull’  malaria  vector  control  strategy  in  reducing

human-vector contact”  by Ulrike Fillinger, Adrian Denz, Margaret M. Njoroge, Mohamed

M. Tambwe, Willem Takken, Joop J.A. van Loon, Sarah J. Moore, Adam Saddler,  Nakul

Chitnis, Alexandra Hiscox

Detailed model exposition 
Let  denote the th data point of either the outdoor human landing or indoor light trap 

collections, with  and  denoting the number of data points across all hierarchical 

groups and all interventions. We write the hierarchical (multi-level) model in terms of group-

specific error terms (see1 for other, equivalent representations) as

where  denotes the negative binomial distribution parameterised by the log of its mean 

(called 'log-rate' here) and a scale parameter,  denotes the mean log-rate for the controls 

(mean over all hierarchical groups),  denotes a column vector of length 4 with entries in

 encoding the intervention deployed at , , denotes the 

vector of mean intervention effect parameters (mean over all hierarchical groups),  denotes

the placebo intervention (control),  denotes the trap intervention,  denotes the repellent 

intervention,  denotes the push-pull intervention,  denotes the deviation of the log-rate 

parameter for the house-group  from the mean log-rate, where  denotes the house-

group to which  belongs,  denotes the deviation of the log-rate parameter for the week-

group  from the mean log-rate, where  denotes the week-group to which  belong,

 denotes the deviation of the intervention effect parameter for intervention  for the 

hierarchical group  from the mean intervention effect parameter for intervention , where

 either denotes the house-group or the week-group to which  belongs (i.e. either  or

),  denotes the intervention that was deployed at ,  denotes 

the vector of scale parameters corresponding to the different interventions,  denotes the 

standard deviation of the house-specific log-rates from the mean log-rate,  denotes the 

standard deviation of the week-specific log-rates from the mean log-rate, and  denotes 
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the standard deviation of the either house- or week-specific intervention effect parameter 

from the mean intervention effect parameter for intervention  (note that ).

Model variants and comparison

In order to select an appropriate model and investigate the impact of the experimental 

design, additional models with different hierarchical structures were fitted and their goodness

of fit was compared. Also, a model with a different functional relationship of the intervention 

effect, a model that couples the deviation of the indoor and outdoor means by house and 

week, and a model with a hierarchical structure for the scale parameter instead of the 

location parameter were explored. Additionally, models with a step-like increase in mosquito 

density over time (either on a week or day scale) were fitted to investigate the impact of the 

rainy season which started about 4 weeks into the trial. All tested model variants are 

displayed in the Table below. The two models that were stacked for the final inference are 

denoted ‘5_1’ and ‘9_1’ here.

For all model variants the expected log posterior density (elpd) with respect to both the An. 

funestus sl and An. arabiensis data was estimated by leave-one-out cross-validation (LOO-

CV) with pareto-smoothed importance sampling2 by use of the R package loo3. For data 

points with pareto-k value higher than 0.52, exact LOO-CV was performed. The table below 

shows the estimated elpd’s for all models fitted to the An. arabiensis outdoor densities. We 

consider two models with elpd_diff greater than 4 and se_elpd_diff smaller than elpd_diff as 

distinguishable in terms of their predictive accuracy. The two chosen models (‘5_1’ and 

‘9_1’) performed best, together with model ‘4_4’, which contrasts by not accounting for the 

variability of the protective efficacy by house or week. This indicates that the protective 

efficacy was relatively uniform across both houses and weeks of the trial. The two chosen 

models (‘5_1’ and ‘9_1’) were among the best fitting models for all mosquito densities (elpd 

estimates not shown).

Note that the Bayes factor between two models could be estimated by LOO-CV and the 

difference of the elpd’s of two models could therefore be interpreted as the log of their Bayes

factor (assuming a uniform prior on the two models). However, this would assume that one 

of the two compared models is correct (M-closed case4) and corresponds to a hypothesis 

testing situation. Our goal here is to identify models that fit the data well and that account for 

the dependencies between data points by experimental design.
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Supplementary Table: model variants and their goodness of fit with respect to An. arabiensis 
outdoor density data as measured by human landing catches (HLC)

model name Hierarchical
grouping for

baseline
mean

Hierarchical
grouping for
intervention
parameter

Other differences with respect to
chosen models (5_1 and 9_1)

elpd, se_elpd
(for An.

arabiensis
outdoors)

2_3 - - - -3707.2, 45.5

3_3 house - - -3539.3, 45.2

4_1 house - logistic function of the week for
baseline (control) mean 

-3496.4, 47.0

4_1_day house - logistic function of the day for
baseline (control) mean 

-3537.7, 45.4

4_4 house +
week

- - -3411.4, 43.2

4_4_mult1 house +
week

- multiplicative effect on log-count
scale

-3903.4, 64.2

4_4_mult2 house +
week

- multiplicative effect on count scale -3437.6, 40.9

4_4_singletheta house +
week

- binding house effect on baseline
log-rate for indoor and outdoor

-3426.1, 43.3

4_4_singletau house +
week

- binding week effect on baseline log-
rate for indoor and outdoor

-3458.0, 46.0

4_4_psiweek house +
week

- week grouping on scale parameter
instead of rate parameter

-3475.2, 41.5

5_1 house +
week

house - -3416.0, 43.2

6_1 week - - -3620.5, 41.7

7_1 house house - -3535.0, 44.4

8_1 week week - -3584.9, 42.1

9_1 house +
week

week - -3414.3, 43

The three best fitting models are highlighted in green. Models 5_1 and 9_1 were selected and averaged for the 
presented results.
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