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Introduction

Dr. Leo C.E. Huberts
Assistant Professor Business Analytics University 
of Amsterdam
PhD Thesis Statistical and Predictive Process 
Monitoring
Monitoring of large streams of data, analytics for a 
better world, building early warning systems in 
education, healthcare and industry.
Open access:
• https://pure.uva.nl/ws/files/59618725/Thesis.pdf

https://pure.uva.nl/ws/files/59618725/Thesis.pdf
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Statistical process monitoring

Are we in- or out-of-control?

• In-control process: all is well

• Out-of-control process: sound the alarm

Monitoring average temperatures Monitoring vitals



L.c.e.Huberts@uva.nl

Statistical process monitoring

Are we in- or out-of-control?

1. Estimate the normal situation (phase I)

2. Monitor one or more indicators for deviations from normal situation (phase II)

3. Signal if the indicator deviates too much

• What is normal?

• What is too much deviation?

=> Minimize false alarms

=> Maximize detection
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Predictive process monitoring

Are we going to be in- or out-of-control?
• Early warning system

• Preventive care/interventions

• Utilize increase in data/computing power

• Predicting is hard!

• Case studies
• Huberts, LCE, Does, RJMM, Ravesteijn, B, Lokkerbol, J. 

(2021) Predictive monitoring using machine learning algorithms 
and a real-life example on schizophrenia. Quality Reliability 
Engineering International.
https://doi.org/10.1002/qre.2957

• Leo C. E. Huberts, Marit Schoonhoven & Ronald J. M. M. Does (2020) Multilevel 
process monitoring: A case study to predict student success or failure, Journal of 
Quality Technology. https://doi.org/10.1080/00224065.2020.1828008

We investigated this question with a scientific mass collaboration 
using the common task method; 160 teams built predictive 
models for six life outcomes using data from the Fragile Families 
and Child Wellbeing Study, a high-quality birth cohort study. 
Despite using a rich dataset and applying machine-learning 
methods optimized for prediction, the best predictions were not 
very accurate and were only slightly better than those from a 
simple benchmark model.

https://doi.org/10.1002/qre.2957
https://doi.org/10.1080/00224065.2020.1828008
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Predictive process monitoring

The monitoring steps
Monitor the probability of event E

1. Define event E and threshold C

2. Specify the model for 𝑦!
3. Estimate the parameters to obtain model parameters !𝜃! at time 𝑡!

4. Calculate 𝑃 𝐸 ! using the newly available observations at time 𝑡 > 𝑡!
5. Signal if 𝑃 𝐸 ! > 𝐶

6. Re-estimate the parameters to obtain !𝜃" using all available data at time t (including 
interventions) and go back to step 4 for a new timepoint.
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Predictive process monitoring

Boosted Predictive Process Monitoring in Mental Health
• Data on all 17 million Dutch citizens through Statistics Netherlands

and Trimbos Institute

• Income, housing etc.

• (Mental) healthcare appointments/diagnoses

• Focus on crises in people diagnosed with schizophrenia 

o Affects almost 1 percent of people

o Top 15 causes of disability

o Mortality rates 3.7 times higher

o Suicide rate almost 400 times higher

o The overwhelming majority of people suffering from schizophrenia will relapse into crisis care

75,000 
people

2010 - 2014

Aggregated 
weekly

264 features 

Statistics Netherlands servers
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Predictive process monitoring

Predicting crises

• What method should we use to predict a crisis?

• Logistic regression

• Hierarchical regression
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Predictive process monitoring

Predicting crises

• What method should we use to predict a crisis?

• Gradient Boosting (XGBoost)

• Efficient & Highest precision
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Predictive process monitoring

The monitoring steps
Monitor the probability of a crisis

1. Define event E (crisis) and threshold C

2. Specify the model for 𝑦! (gradient boosting)

3. Estimate the parameters to obtain !𝜃! at time 𝑡!

4. Calculate 𝑃 𝐸 ! using the newly available observations at time 𝑡 > 𝑡!
5. Signal if 𝑃 𝐸 ! > 𝐶

6. Re-estimate the parameters to obtain !𝜃! using all available data at time t and go back to step 
4 for a new timepoint.
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Predictive process monitoring

Finding the threshold

• What threshold C should be used to signal a ‘high’ probability of a 
crisis? 

• Propose a tuning algorithm

• Determine a desired False Alarm Rate (FAR0)

• Use cross-validation + grid search to find C that achieves a 
FARobserved close to, but less than FAR0
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Predictive process monitoring

Results and summary

• Prediction is hard!

• Results are promising, but hardware 
insufficient

• Proposed tuning procedure to achieve 
desired false alarm rate (FAR)

• Cross validation + grid search

• Something for (more) future research
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Future research
Predictive process monitoring in mental health
• Using Statistics Netherlands Data on all Dutch citizens

• Access to supercomputer

• Focus on depression and other mental health diagnoses

o Affects around 5 percent of people

o Depression is the leading cause of disability in the United States among people between the ages 
of 15 and 44

o Early detection is critical for rapid intervention

o Lifetime risk of suicide among people with untreated depression ranges from 2.2-15%

o Further analyses of what threshold C should be used to signal a 
‘high’ probability of an event E? 

o How often to re-estimate the parameters to obtain !𝜃!

17 million
people

2010 - 2016

Aggregated 
?

X features 

Statistics Netherlands servers
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Thank you!


