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Summary 

Recidivism prediction by institution 

In the field of justice, there is often a need to compare institutions on their outflow 

results, especially in terms of recidivism. This can be for instance court districts, 

prisons or probation offices. In order to make institutions comparable in terms of 

recidivism, differences in the characteristics of the offenders entering the institution 

must be taken into account. This can only be done by developing a (statistical) model 

that corrects recidivism for these offender differences in intake. 

 

For the case of juvenile detention centers (JJIs), this study investigated under which 

conditions it is feasible to arrive at an unbiased (valid) and stable (reliable) estimate  

of the relative effect of the JJIs on recidivism. For this purpose, we looked at data for 

the period 2004 up to and including 2013. It was also examined whether a standard 

approach for modeling could be developed for this context. Previous WODC research 

on the population of hospital order (tbs) had already shown that the predictions of the 

method used to date were insufficiently precise.  

 

This earlier methodology involves creating a manually specified logistic regression 

model with a limited number of variables, with weights by device that ensure that the 

sample size is the same per device. 

Unstable and possibly biased predictions can be attributed to multiple conditions. Two 

of these are: 

1 inadequate (statistical) modelling; 

2 insufficient numbers of observations. 

 

Point 1, inadequate modeling can be caused by not including important variables in  

the model, an incorrect specification of the algebraic form of the relationship of the 

independent variables to the outcome (e.g. linear instead of non-linear), the omission 

of important interactions and inadequate weighting of the data. These causes influence 

the validity of the estimate of the recidivism effect by institution. They can lead to 

systematic underestimations or overestimations of the estimated recidivism and thus 

of the estimated institution effect. 

 

Point 2, the sample size determines how stable the effect of establishment on the 

recidivism of outflows from JJI establishments can be estimated and relates to the 

reliability of the estimate. 

Model improvement 

In order to rule out inadequate modelling, this report uses machine learning models to 

examine whether the performance of an existing hand-specified statistical model can 

be improved. A machine learning model can provide this improvement by using auto-

matically estimated non-linear relationships of variables with the outcome measure, 

automatically searching for interaction effects and exploiting a larger set of variables 

from which potentially relevant characteristics can be filtered out. It was also exam- 
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ined whether weighting that corrects for differences in cohort size improves the model 

predictions. 

In this study, the following alternative models were compared with logistic regression: 

LASSO, random forests and gradient boosting machines (GBM). Furthermore, two 

factors were varied, namely the number of variables (a standard small set or a large 

extended set) and weighting of data (by average cohort size or unweighted). 

Results model improvement 

This study showed that there was hardly any improvement in predictive power on the 

points for improvement that were investigated. 

Expanding the standard set of variables by using a more extended set of 222 predic-

tors from the OBJD does not provide a relevant improvement in the prediction of 

recidivism on the 2004-2013 JJI data. This applies to all models. Improving the 

prediction should therefore not be sought in a better use of already available data. 

 

No substantially better prediction was found with a machine learning model than with 

the standard hand-specified logistic regression model in the JJI data from 2004-2013. 

Of the machine learning models, GBM appeared to have a comparable predictive power 

as the standard model. This is in line with previous research into prediction models 

based on OJBD data from different adult populations and violent and sexual recidivism 

(Tollenaar & van der Heijden, 2013, 2019). Improving prediction is therefore seems  

to be not yet achievable by improving the modeling itself.The use of a weighting by 

cohort size was found to reduce the predictive power. 

Simulation study 

In order to empirically study both the points of insufficient numbers of observations 

and the lack of unmeasured relevant variables (variables with a unique association 

with the outcome variable, confounders), a simulation study was performed. Herein,  

a standard logistic regression model has been drawn up with known regression coeffi-

cients and data has been generated based on distributions derived from the actual JJI 

data. In this simulation study, the following factors were varied: 

• the presence or absence of a true JJI effect; 

• the total number of JJI outcasts (observations); 

• the number of confounders (0, 1 or 2); 

• the strength of the association of the confounders with recidivism (weak, medium, 

strong). 

For the simulation study, the data was used that was nonmissing on the main 

variables (N=21,567). 

Results simulation study 

The results of the simulation study showed that the estimated effects for the original 

number of JJI's (nJJI=13), years (10) and total number of JJI releasees (N=21,567) 

are too unstable. This instability (variance) of the effect estimates appears to have 

more influence than a possible systematic bias of the effect due to missing variables. 

With the original number of observations, the absence of a real effect and with a 95% 

certainty, there is an expected deviation between -5% and 5% or even greater. 

This means that at the current sample size, even if there is no real effect, effects of 

5% or higher are often found. As a result, it is only possible to make statements about 
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effects that are greater than this 5%. For the smaller establishments with only a few 

dozen outflows, however, this can rise to 18%. In the theoretical case that there are 

twice as many JJI outcasts, the estimates would fall within 5%. 

If there are one or two confounders that are weakly related to the outcome, there is 

only a small bias in the estimated effect. The largest bias across all JJIs and cohorts is 

then two to three percent. The median bias (the median of the bias of all JJIs over the 

period 2004-2013) is zero. Only with one or two confounders with a strong relation- 

ship is the maximum bias 9 percent and the median bias 2.5%. This means that the 

estimated effect is systematically wrong by around 2.5% and in the worst case 9%. 

Conclusion 

It has been found that within the case of JJI institutions with the available data there  

is hardly any room to further improve the prediction model for effect estimates. This 

appears to be mainly due to both the lack of more data on other specific character-

istics that predict recidivism among juveniles and the inherent unpredictability of the 

recidivism process regardless of data availability. Another limiting factor is the total 

number of observations in the research group over the period, which is insufficient 

given the aforementioned unpredictability. 

 

On these data, the best machine learning model was found to be gradient boosting 

machines (GBM), even though it provided no relevant improvement over the hand-

specified logistic regression model. This is a replication of results of previous research 

conducted on criminal data on other Dutch offender groups. 

 

Because the GBM model consistently provides a good estimate of the predictability of 

recidivism without further manual effort, it can be used in a standard procedure to 

arrive at the best predicting model. With GBM, it is also possible, after making a hand-

specified model, to see whether further (manual) modeling is still useful. If the GBM 

model then performs better, there is still room for improvement. 

 

Simulations showed that with the current data (n=21,567) the stability (variance) of 

the estimate of the effect of establishment on recidivism is a relatively large problem. 

Because the model on JJI facilities can only predict recidivism to a limited extent from 

the available information, it remains arbitrary and unpredictable whether a specific 

person will reoffend, and the estimate of the JJI effect at group level is unstable. 

Additionally, there is an effect of the total number of observations on the variability of 

the estimated effect. The variability turns out to be too high. In practice, the variability 

of the effect due to the total number of available observations cannot be reduced with 

even more observations, because the complete population of juvenile ex-JJI pupils is 

already available. Furthermore, this problem has grown over time due to the general 

decline in crime. In the period 2008 to 2017, the number of young people leaving a JJI 

has fallen from 2,130 to 1,086. 

Another possible solution could be to combine several cohorts, for example two or 

three years. This would give a statistically more reliable result, but has the disadvan-

tage that the predicted trend is more difficult to interpret. 

 

In practice it will therefore remain difficult to compare juvenile detention centers. If  

a JJI director would like to know whether his/her institution is doing better or worse 

than average in terms of the two-year recidivism rate of her pupils, the estimated 
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recidivism rate may be about 5% off. As a result, an effect can only be reliably 

established if there is an actual effect that is greater than this 5%. 

Since such large recidivism effects are rare in the field of judicial interventions, larger 

effects are hardly to be expected. Therefore, benchmarking under the current condi-

tions of sample size, predictive power of the model and possible missing important 

variables is of limited use. Let alone when these conditions deteriorate further over 

time, which is the case with the sample size. 

The results from the current study make it clear that to improve the validity and relia-

bility of the effect estimate, additional, more relevant, predictive data is especially 

needed for the entire target group. This information should therefore be collected 

systematically and for entire populations. 
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