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Supplementary files 

Supplementary Information (SI): Bayesian hierarchical spatial modelling  

Initially, ordinal logistic regression analysis was implemented followed by Bayesian hierarchical 

spatial modelling.  

Let     be a trichotomous outcome variable taking values 1, 2 or 3 if the j-th health worker in the 

i-th county          had low, medium or high artesunate knowledge, respectively. 

This variable is a categorized version of a continuous latent (utility) variable defined by 

            (1) 

where   is a predictor depending on covariates and parameters and     is the error term. The two 

variables     and     are linked by         if and only if 

                   
with thresholds                 . In a multinomial logit model setting, the error 

variables in (1) are independent across the categories and assumed to be standard extreme value 

distributed with function  . Hence, it follows that     obeys a cumulative logit model. The 

predictor is then defined as: 

  (        )   (    )  (2) 

If   in equation (3) is chosen to be the logistic distribution function, the influence of covariates is 

modelled using the multinomial logit model given as:  

  (             )      ( )      ( )        (3) 
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In this study, the following 3 versions of this cumulative link model for ordinal-scaled 

observation were implemented as: 

             (           )     (        )                            (4) 
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 where, 

      (     )                        ∑     
      

are cumulative probabilities,   is the linear predictor and       is a p-vector of regression variables 

for the parameters,   without a leading column for an intercept and   is the inverse link function;                 are thresholds for cumulative ordinal logit model,    is a spatial structured 

component random effect for the   th county with a conditional autoregressive (CAR) 

distribution         ( ̅         )  where  ̅        ∑            and     represent the set of 

neighbors and the number of neighbors for the   th county respectively; and    is an 

unstructured spatial random effect for the   th county defined as     (     ).  
The first model (Model 1) was ordinal logistic regression with spatially structured random 

effects; the second model (Model 2) with unstructured spatially random effects and the third 

(Model 3), a convolution model, was fit by combining both unstructured and structured spatial 

random effects.  
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In implementing Bayesian analysis, a set of posterior means of the relative risks was then used to 

create maps to visualize the high to low health workers knowledge levels by borrowing 

information from all health workers. 
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