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Responsible Data Science 
•  [Fairness] Data Science without prejudice: How to avoid 

unfair conclusions even if they are true? 
 

•  [Accuracy] Data Science without guesswork: How to 
answer questions with a guaranteed level of accuracy? 
 

•  [Confidentiality] Data Science that ensures 
confidentiality: How to answer questions without 
revealing secrets?  
  

•  [Transparency] Data Science that provides 
transparency: How to clarify answers such that they 
become indisputable? 
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Monitoring 
●  Monitoring a Highway Bridge (Hollandse 

Brug) 
●  Sewers (SewerSense) 
●  Animals (Oostvaardersplassen) 
●  High Speed Skaters (Team Orie) 
●  Cohort Studies (Leiden 85+) 
●  Supermarkets 
●  Health Care Data 
●  Elderly people (Park Vossenberg) 
●  School Children (Free Play) 
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Strain 

Vibration 

Temperature 

One day of data, multiple sensor types 
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Sensor Viewers 
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Losses 

•  How much money will be lost (due to fraud) in 
the Netherlands during this presentation of 20 
minutes? 
 

•  How much reduction of losses is possible if we 
have Data Science tools in place? 
 

•  How much would it cost us? 
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Estimates of Total Losses in NL 
•  Zembla: 

http://www.uitzendinggemist.nl/afleveringen/1312840  
 

•  Total losses in NL:  
•  About G€ 4 per year (4000 million per year) 
•  about M€ 10 per day (10 million per day) 
•  about K€ 400 per hour  (400 thousand per hour) 
•  about K€ 133 during this talk 
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Fraud in the EU 

European Anti-fraud Office: recovers M€ 600; costs M€ 60 
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Healthcare Fraud 
•  In the US: about G$ 80 a year (source 

www.fbi.gov) which gives a fraud rate of about 3% 

•  Healthcare in the Netherlands: G€ 70 (70 milliard) 

•  Three percent of G€ 70 = G€ 2.1 per year 

•  Different estimate: G€ 5 per year (source: 
www.fraudeloketzorg.nl/) 

•  G€ 2.1/(365*24) * 0.33 = K€ 80 per 20 minutes 
(just healthcare in the Netherlands) 
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Project 
•  Rumours on “large scale fraud in healthcare system” 

 
•  Minister Schippers asks NZA to “estimate the size of the 

problem” and to propose solutions 
 

•  NZA asks FDC and LCDS "to analyze available data 
and provide estimates" 

•  Deadline: two months for a preliminary report 

•  Report: https://www.nza.nl/1048076/1048181/
Rapport_Onderzoek_zorgfraude__update.pdf 
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Data: about  2T (2.000.000.000) records 

Year	
Family	
Doctors	

Den1sts	 Pharmacy	
Mental	
Health	
Care	

Fysiotherapy	 Hospitals	

2009	 1.165.353	

2010	 262.584.340	 69.297.896	 191.744.461	 1.218.992	 55.575.780	 16.412.981	

2011	 304.654.670	 68.449.999	 208.515.505	 1.251.854	 57.068.264	 17.150.880	

2012	 313.926.643	 51.934.447	 219.200.187	 53.549.109	 15.407.850	

Totaal	 881.165.653	 189.682.342	 619.460.153	 3.636.199	 166.193.153	 48.971.711	
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Methodology 
•  Exploratory data analysis 

•  Try to understand the data 
•  Perform simple checks 
•  Find unusual “anecdotic” cases 

•  Formulate tests, with help of domain experts: 
•  Hard rules 
•  Soft rules 

•  For each segment implement 30-60 tests 

•  Translate results of tests into estimates of 
losses 

15 
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Exploratory Data Analysis 
•  Missing or invalid codes (e.g., treatments, care providers) 

•  Extreme amounts, e.g., 
•  a GP which declares on a single day M€2,1 (100 times more than 

expected) 
 
•  Extreme frequencies of treatments, e.g.,  

•  123 fillings on a single day on a single patient 
•  44 teeth extractions in a year 
•  daily expensive visits to a dentist with a whole range of treatments 

•  Violation of “common sense” rules, e.g., 
•  males giving birth to babies 
•  females with prostate surgeries 
•  visits to a dentist/pharmacy/GP/ etc., a few months after the 

recorded death of a patient  
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Hard Rules 
•  Certain combinations of 

treatments are not allowed 
•  Certain maxima cannot be 

exceeded 
•  Certain tariffs depend on 

patient age, neighborhood, … 
•  Time constraints (parallel, serial 

DBCs) 
•  Every year many rules change 
•  … 
 

=	opnameperiode

DBC	1

42	dagen
DBC	2

Ontslagdatum 42	dagen

Ontslagdatum	valt	binnen	deze	periode

Losses related to hard constraints are really "hard"! 
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Estimates for Soft Rules 
•  Certain things are allowed, but when they 

happen too frequently, then they become 
suspected 

•  The 99% threshold:  
•  the last percentile  

is suspected 
•  the loss is estimated as  

the extra cost “above”  
99th percentile 
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Cleaning of Ears (light/heavy) 
 

19 

Estimated Losses: 
 
95%:    0.7 mln 
 
99%:    0.2 mln 
 
99.9%: 0.0 mln 
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Total 
Amount 
Meuro 

Hard 
Rules 
Meuro 

Soft 
Rules 
Meuro 

Hard and 
Soft Rules 
Meuro 

Percentage 
 
% 

GP 2619 15,4 6,2 21,6 0,8 

Dental Care 2180 0,7 1,0 1,7 0,1 

Pharmacy 5280 10,5 0,9 11,4 0,2 

Mental 
Health 

3980 4,2 - 4,2 0,2 

Physio-
therapy 
 

1446 0,6 11,1 11,7 0,8 

Hospitals 
 

16676 11,9 54,7 66,6 0,4 

Total 32181 43,3 73,9 117,2 0,4 
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Conclusions 
•  The “loss” is about 0.4% of the total amount (about M€120 / year) 

 
•  This is about four times bigger than in the banking industry. 

 
•  The estimates are very conservative: 

 
•  incomplete data (e.g., exact date of death, postal code, etc. 

missing) 
•  data already pre-processed (cleaned) 
•  conservative choices when calculating losses 
•  data does not cover everything (e.g., “delivered care” vs. 

“declared care”) 
 

•  The actual “losses” might be 2-3 times higher 
 

•  Estimate serves as a reference point 
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Ranking of differentially 
expressed genes 

The genes are ordered in a ranked list 
(e.g. according to their differential 
expression between the classes).  
 
The challenge is to extract meaning 
from this list, to describe subgroups 
with common properties. 
 
 
. 
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Subgroup Discovery 
Discovery of gene subgroups which 

•  are “higher” in the ranked list 
•  can be compactly summarized using 

•  Knowledge from ontologies (GO, ENTREZ, 
KEGG) 

•  interactions between genes 
• … 
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Typical Output File 
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Enrichment Score 
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Responsible Data Science 
•  [Fairness] Data Science without prejudice: How to avoid 

unfair conclusions even if they are true? 
 

•  [Accuracy] Data Science without guesswork: How to 
answer questions with a guaranteed level of accuracy? 
 

•  [Confidentiality] Data Science that ensures 
confidentiality: How to answer questions without 
revealing secrets?  
  

•  [Transparency] Data Science that provides 
transparency: How to clarify answers such that they 
become indisputable? 
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Monitoring 
●  Monitoring a Highway Bridge (Hollandse 

Brug) 
●  Sewers (SewerSense) 
●  Animals (Oostvaardersplassen) 
●  High Speed Skaters (Team Orie) 
●  Cohort Studies (Leiden 85+) 
●  Supermarkets 
●  Health Care Data 
●  Elderly people (Park Vossenberg) 
●  School Children (Free Play) 
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LCDS Profile 
•  Data Science Dossier: 

http://onderzoeksgebieden.leidenuniv.nl/
data-science  
 

•  Focus on 
•  Fundamental: Statistics + Computer Science 
•  Standards 
•  Scientific Data 
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