
Steps for Bayesian network (BN) model development: 
 
1. Expert driven identification of model variables which are considered to be 

important for estimating the risk of violent re-offence; 
 

2. Expert constructed causal model structure based on the variables 
identified at step (a). 
 

3. Link relevant data to model variables; 
 

4. Perform model parameterisation and use the Expectation Maximisation 
(EM) algorithm to deal with missing data; 
 

5. Experts review the resulting behaviour of the model and suggest further 
revisions where necessary.  
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Figure 3: The complete Bayesian network model. 

Figure 2: Sensitivity analysis for target node p(Violence=Yes) on 
the basis of the nine specified sensitivity nodes, where A is age, 
PVC is prior violent convictions, PACC is prior acquisitive crime 
convictions, SMDL is substance misuse danger level, AtDL is 
attitude danger level, MIDL is mental illness danger level, AgDL is 
aggression danger level, and G is gender. 

Model usefulness: 
 
Apart from high accuracy (i.e. AUC=0.78 based 
on a 10-fold cross-validation), the model 
provides further benefits that are equally 
important. Specifically, the BN model: 
  
1. Allows for specific risk factors to be targeted 

for causal intervention for risk management 
of future re-offending, and this makes the 
model useful in terms of answering complex 
clinical questions that are based on 
unobserved evidence; 
 

2. Generates both binary (i.e. Yes/No) and 
multinomial (i.e. expected number of violent 
convictions) predictive distributions for 
future violence; 
 

3. Allows flexibility with model inputs due to 
the BN framework; 
 

4. Inference propagates through a structured 
variable network (as opposed to typical linear 
regression techniques). Inference can be 
performed from cause to effect as in standard 
predictive models, but unlike other 
approaches can also be performed from effect 
to cause. This unique capability provides 
radically improved decision-support, since it 
enables extensive what-if analysis; 
 

5. Provides prediction for future violent re-
offence over a specified time forward; 
 

6. Expert knowledge can be easily incorporated 
for factors that are important for prediction 
but which historical database fails to capture. 

Figure 1. Aggression danger level 
indications based on violent thoughts and 
impulsivity, where V is the variable Violent 
thoughts, I is the variable Impulsivity, Y 
and N represent the states of Yes and No 
respectively for Violent thoughts, and 0, 1 
and 2 represent the states of Impulsivity. 
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Table 2: Danger level risk analysis for 
violent reconvictions over five years 
forward. 

Intervention 
for: 

No 
treatment 

Partial 
responsive 
treatment 

Fully 
responsive 
treatment 

Sensitivity Risk 
reduction 

rate 

Alcohol 13.92% 09.45% 07.89% 06.33% 24.43% 

Drugs 10.28% 08.71% 08.22% 02.09% 09.49% 

Anger 14.44% 13.88% 13.82% 00.62% 04.29% 

Psychiatric 42.85% 26.55% 24.48% 18.38% 42.88% 

Table 1: Sensitivity analysis for p(Violence=Yes) assuming 5 years forward, 
with sensitivity variables each of the four interventions assessed individually 
and relative to the specified treatment responsiveness. The analysis assumes 
observable active symptoms for the intervention under analysis, and 
observable inactive symptoms for the remaining three interventions, over 
each iteration. 
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