
Translational Data Science & AI

A case of Natural Language Processing 
for Violence Risk Assessment using CRISP-DM

Speaker: Prof. dr. Marco Spruit (LUMC/LIACS)

Mission:  ” Translating novel AI technologies to practically
usable solutions in population health & wellbeing”
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https://patientengagementhit.com/features/understanding-crime-violence-as-a-social-determinant-of-health
https://patientengagementhit.com/features/understanding-crime-violence-as-a-social-determinant-of-health
https://patientengagementhit.com/features/understanding-crime-violence-as-a-social-determinant-of-health
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What is…Health Campus The Hague?
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ELAN

1) Trans-
disciplinary, 
2) Cross-
domain,             
3) Regional
data infra:

 1.1M records!

https://healthcampusdenhaag.nl/
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APRIL FOOLS’ DAY
TRANSLATIONAL 
DATA SCIENCE LAB

Spruit, Marco. (2022). Translational Data Science 
in Population Health (20 pages). Leiden University. 
https://doi.org/10.5281/zenodo.7665858

https://tdslab.nl

https://drive.google.com/file/d/19rYAoeihhvqEgiT-4Em8LadaxlwQQevS/view?usp=sharing
https://doi.org/10.5281/zenodo.7665858
https://tdslab.nl/


PREDICTING INPATIENT VIOLENCE RISK WITH CLINICAL

NOTES IN ELECTRONIC HEALTH RECORDS
CASE STUDY 2

Menger,V., Spruit,M., Est,R. van, Nap,E., & Scheepers,F. (2019). Machine Learning Approach to Inpatient 
Violence Risk Assessment Using Routinely Collected Clinical Notes in Electronic Health Records. 
JAMA Network Open, 2(7), e196709. https://doi.org/10.1001/jamanetworkopen.2019.6709
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[0.341, -0.359, 0.7, 0.926, -0.004, …, -0.129]

[Positive, Negative]

https://doi.org/10.1001/jamanetworkopen.2019.6709


[1/6] 
DOMAIN UNDERSTANDING: OBJECTIVE

 “Predict for which admissions a violence incident will occur in the first 30 days, based on clinical texts 
that are written up to and including the first day of admission”

 Prediction task excludes incidents on Day 1 of admission

 insufficient data available to make a prediction

 30 days interval chosen for sufficient specificity

 majority of incidents included 

 mean duration of admission is 40.3 days

 81.9% of incidents happen during the first 30 days

 Area Under Curve (AUC) to report performance
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[2/6]
DATA UNDERSTANDING

 Site 1: UMC Utrecht

 Site 2: Antes, Parnassia Group, Rotterdam
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[2/6]
DATA UNDERSTANDING

WHAT IS A CLINICAL NOTE?

(2012-07-29)
“Mw heeft matig geslapen, sliep van 1.00 uur tot 
4.00 uur. Kwam toen uit bed, at koekjes en dronk 
thee. Nog geadviseerd medicatie te nemen en 
mijn zorgen geuit over evt. doorschieten in een 
manie. Mw was er niet gevoelig voor en 
reageerde geagiteerd. Mw had spreekdrang maar 
gaf aan dat wanneer zij zich goed voelt ook veel 
praat. Mw gaat vandaag naar <PERSOON-1> met 
haar zoon, ziet daar nu niet meer tegenop omdat 
de klachten die zij gisteren aan haar voeten 
ervaarde verdwenen zijn. Mw ging na 4.00 uur 
weer naar bed en kwam niet meer uit haar 
kamer tot de ochtend.”

(2012-08-05)
[...] “Uit verzet trapte mw. mij tegen de zijkant 
van mijn been” [...] ?

(2012-07-29) "Ms slept moderately, slept 
from 1am to 4am. Then came out of bed, ate 
biscuits and drank tea. Still advised to take 
medication and expressed my concerns 
about possibly slipping into mania. Mw was 
unresponsive and reacted agitatedly. Mw was 
talkative but indicated that when she feels 
well she also talks a lot. Mw is going to 
<PERSON-1> with her son today, is not 
looking forward to it now because the 
symptoms she experienced on her feet 
yesterday have disappeared. Mw went back 
to bed after 4am and did not come out of 
her room until morning."
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[2/6]
DATA UNDERSTANDING

WHAT IS A CLINICAL NOTE?

(2012-07-29)
“Mw heeft matig geslapen, sliep van 1.00 uur tot 
4.00 uur. Kwam toen uit bed, at koekjes en dronk 
thee. Nog geadviseerd medicatie te nemen en 
mijn zorgen geuit over evt. doorschieten in een 
manie. Mw was er niet gevoelig voor en 
reageerde geagiteerd. Mw had spreekdrang maar 
gaf aan dat wanneer zij zich goed voelt ook veel 
praat. Mw gaat vandaag naar <PERSOON-1> met 
haar zoon, ziet daar nu niet meer tegenop omdat 
de klachten die zij gisteren aan haar voeten 
ervaarde verdwenen zijn. Mw ging na 4.00 uur 
weer naar bed en kwam niet meer uit haar 
kamer tot de ochtend.”

(2012-08-05)
[...] “Uit verzet trapte mw. mij tegen de zijkant 
van mijn been” [...]

(2012-08-05)[...] "In defiance, Ms kicked me 
against the side of my leg" [...].



[3/6]
DATA PREPARATION

Text representation
• Represent all clinical 

notes related to 1 
admission as 1 vector 
(not words)

• paragraph2vec

• SVM classifier
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(2012-07-29)
“Mw heeft matig geslapen, sliep van 1.00 uur tot 
4.00 uur. Kwam toen uit bed, at koekjes en dronk 
thee. Nog geadviseerd medicatie te nemen en 
mijn zorgen geuit over evt. doorschieten in een 
manie. Mw was er niet gevoelig voor en 
reageerde geagiteerd. Mw had spreekdrang maar 
gaf aan dat wanneer zij zich goed voelt ook veel 
praat. Mw gaat vandaag naar <PERSOON-1> met 
haar zoon, ziet daar nu niet meer tegenop omdat 
de klachten die zij gisteren aan haar voeten 
ervaarde verdwenen zijn. Mw ging na 4.00 uur 
weer naar bed en kwam niet meer uit haar 
kamer tot de ochtend.”

(2012-08-05)
[...] “Uit verzet trapte mw. mij tegen de zijkant 
van mijn been” [...]

[0.341, -0.359, 0.7, 0.926, -0.004, …, -0.129]

[Positive, Negative]



[3/6]
DATA PREPARATION: ALTERNATIVE ML MODELS
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Menger,V., Scheepers,F., & Spruit,M. (2018). Comparing 
Deep Learning and Classical Machine Learning Approaches 
for Predicting Inpatient Violence Incidents from Clinical 
Text. Applied Sciences, 8(6), Data Analytics in Smart 
Healthcare, 981. [JIF: 2.679][ 

https://doi.org/10.3390/app8060981

 In previous work, we determined SVM as an appropriate classifier for VRA, based on literature and experiments

https://doi.org/10.3390/app8060981


[4/6] (SVM CLASSIFIER)

MODELLING: PREDICTION PERFORMANCE
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Perfect Score Actual Score Random Score
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[5/6]
EVALUATION: EXPLORATORY ANALYSIS



[5/6]
EVALUATION: MODEL EXPLAINABILITY
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 Sample of Local 
Explanation predicting 
high risk of aggression

 Sample of Local 
Explanation predicing 
low risk of aggression



[6/6]
DEPLOYMENT

 Mosteiro,P., Rijcken,E., Zervanou,K., Kaymak,U., Scheepers,F., & Spruit,M. (2021). Machine Learning
for Violence Risk Assessment Using Dutch Clinical Notes. Journal of Artificial Intelligence for Medical 
Sciences, 2(1–2), 44–54. https://doi.org/10.2991/jaims.d.210225.001

 Rijcken,E., Kaymak,U., Scheepers,F., Mosteiro,P., Zervanou,K., & Spruit,M. (2022). Topic Modeling for 
Interpretable Text Classification from EHRs. Frontiers in Big Data, 5, Section Data Mining and 
Management, 846930. https://doi.org/10.3389/fdata.2022.846930

 Rijcken, E., Zervanou, K., Spruit, M., Mosteiro, P., Scheepers, F., & Kaymak, U. (2022, October). 
Exploring embedding spaces for more coherent topic modeling in electronic health records. In 2022 
IEEE International Conference on Systems, Man, and Cybernetics (SMC). 9-12 Oct 2022, Prague, Czech 
Republic (pp. 2669-2674). https://doi.org/10.1109/SMC53654.2022.9945594

 Rijcken, E., Scheepers, F., Zervanou, K., Spruit, M., Mosteiro, P., & Kaymak, U. (2023). Towards 
Interpreting Topic Models with ChatGPT. In The 20th World Congress of the International Fuzzy 
Systems Association (IFSA). 20-24 August 2023, Daegu, South Korea. 
https://research.tue.nl/files/300364784/IFSA_InterpretingTopicModelsWithChatGPT.pdf
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https://doi.org/10.2991/jaims.d.210225.001
https://doi.org/10.3389/fdata.2022.846930
https://doi.org/10.1109/SMC53654.2022.9945594
https://research.tue.nl/files/300364784/IFSA_InterpretingTopicModelsWithChatGPT.pdf


Thanks for your attention

Speaker: Prof. dr. Marco Spruit (LUMC/LIACS)

Contact:  m.r.spruit@lumc.nl
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Domain 
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Data
Insight

Data
Preparation

Data 
Modelling

Model 
Deployment

Model    
Evaluation

Cross-
Domain 

Data
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① Population health ② 
SMART analysis objectives

① Standardised 
infrastructure ② Interactive 

data exploration

① Feature engineering     
② Natural language 

processing

① Machine learning & 
Deep learning ② 

Automated machine learning

① Explainable AI & 
Transparancy                               
② AI Fairness

① Interoperable 
deployment ② ML 

Operations & security
⑥ 

⑤

③

②①

④

Website:  https://tdslab.nl

mailto:m.r.spruit@lumc.nl
https://tdslab.nl/


[NEXT CYCLE]
*LLMS*
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Muizelaar,H., Haas,M., Putten,P. v.d., & Spruit,M. (submitted). [preprint]

Extracting Lifestyle Characteristics with NLP

BERT-based 
Dutch NLP 
on sloppy 
informal 

medical text 
snippets?

Translational
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degree of practical use consideration

Example text data Smoking Alcohol Drugs

Patient smokes, does not drink or 
use drugs

Current user Non-user Non-user

Patient used to smoke, drinks 1 
beer a day

Former user Current 
user

Unknown

Patient used to smoke, uses 
marihuana daily

Former user Unknown Current user

Model Smoking Alcohol Drugs

String Matching 0.84 0.74 0.68

Machine Learning (SGD) 0.85 0.71 0.60

HAGALBERT 0.66 0.54 0.43

RobBERT-HAGA 0.87 0.71 0.63

belabBERT-HAGA 0.48 0.64 0.57

MedRoBERTa.nl-HAGA 0.93 0.79 0.77

BioBERT (translated) 0.91 0.72 0.52

ClinicalBERT (translated) 0.92 0.80 0.61

https://doi.org/10.21203/rs.3.rs-3831694/v1
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RECENTLY LAUNCHED PET PROJECT: LLMS FOR WELLBEING AI
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