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Data Science vs Artificial Intelligence
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“Machine Learning is an approach to Achieve Artificial Intelligence”



What is... Science?

1. Domain expertise

2. Statistics
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http://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1500-1.pdf


What is... Data Science?

1. Domain expertise

2. Statistics & Machine Learning

3. Engineering

4. Analytical applications
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What is... Applied Data Science?

1. Domain expertise

2. Statistics & Machine Learning

3. Engineering

4. Analytical applications

5. Societal impact
Engineering

Algorithms

Statistics & 
Machine 
learning

Analysis

Domain 
expert ise

APPLIED DATA 
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CRISP
-DM

http://m.spru.it/files/sj2016kdir.pdf?attredirects=0&d=1
http://www.scitepress.org/DigitalLibrary/PublicationsDetail.aspx?ID=wL/MehBaLLs=&t=1
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CRISP-DM
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ftp://ftp.software.ibm.com/software/analytics/spss/support/Modeler/Documentation/14/UserManual/CRISP-DM.pdf


From information needs 
to data mining goals 
Spruit,M., Vroon,R., & Batenburg,R. (2014). Towards healthcare business 
intelligence in long-term care: an explorative case study in the 
Netherlands. Computers in Human Behavior, 30, 698–707. [pdf] [online]

https://drive.google.com/file/d/1YKFMwpVAgMVALTJUPKtp4rKZsSajkG0p/view?usp=sharing
http://www.sciencedirect.com/science/article/pii/S0747563213002768


Why focus on Understanding?
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Introduction (1/2)

• Long-term care
• Care for people with a long-term or chronic disorder
• Relatively unexplored

• Main goals for long-term care
• Care of good quality
• Acceptable cost level

• One of the biggest expenses of Dutch government
• 38% of the total healthcare budget
• €14 billion in 2000  €27 billion (budgeted) in 2012



Introduction (2/2)

• Care Intensity Package (ZZP)
• Introduced in 2009
• Different levels of care intensity

• ZZP1: Extramural living with some guidance
• ZZP8: Intramural living under full surveillance and 24/7 care

• Operational cost depends on ZZP level
• 2015: Wet langdurige zorg (Wlz) : ZZP  Wlz/VV Zorgprofiel

• Electronic Client Record data
• Large valuable dataset, but
• Not fully exploited at this moment



2015: Wet langdurige zorg (WLZ)  Algemene Wet Bijzondere Ziektekosten (AWBZ)

https://wetten.overheid.nl/BWBR0036014/2020-09-03#BijlageA
https://wetten.overheid.nl/BWBR0036014/2020-09-03#BijlageA


Research Method: CRISP-DM

• CRoss Industry Standard Proces for Data Mining
• Phase 1: Business understanding

• 18 unstructured in-depth interviews
• 8 (board of) directors experts
• 7 management experts
• 7 experts from stakeholders perspective 

• (MinVWS, IGZ, Care insurer)

• Result
• 56 information needs derived from the 18 unstructured 

in-depth interviews with 22 field experts



Calculation: Information Needs

• 56 information needs
• 33 related to quality of care
• 23 related to financial state

• Information needs scored based on a valuation equation
• Board members: 10
• Managers: 6
• Stakeholders: 3

• Score = ∑𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖
 × 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

• Score = 8
8

× 10 + 4
5

× 6 + 3
5

× 3 = 16.6



What do 
you think?

What was by far the #1 information 
need in this long-term care sector?

https://www.mentimeter.com/


Calculation: Top 10 Needs
# Type Information need Board Mgmt Stakeh. Score

1 Q Customer experience 8 7 10 16.6

2 F Staffing with respect to ZZP-mix 7 4 2 14.8

3 F ZZP-mix per business unit 7 4 0 13.6

4 F ZZP-mix prognoses 7 4 0 13.6

5 F Staffing with respect to operations 6 4 2 13.5

6 Q Number of incidents occured 6 4 2 13.5

7 Q Types of incidents occured 6 4 2 13.5

8 Q Causes of occured incidents 6 4 2 13.5

9 F Operations per ZZP 7 3 1 13.0

10 F Production information (planned, realized,
declared) 7 3 1 13.0



Sidenote: Alternatively...
• Automating Business Goal Extraction from E-mail 

Repositories to Bootstrap Business Understanding 
(Spruit, Kais, Menger, under review)



Sidenote: Alternatively...
• Automating Business Goal Extraction from E-mail 

Repositories to Bootstrap Business Understanding 
(Spruit, Kais, Menger, under review)



Findings: Business understanding

Information needs Data mining goals

• Number of occured incidents
• Types of occured incidents
• Causes of the occured incidents
• Patterns in occured incidents

• Identify patterns in incidents

• Number of clients at an increased risk
• Types of risk the clients run

• Identify relationships in risk assessment

• Progress of care-related measures • Identify patterns in care-related measures

• Treatment goals (obtained & not-obtained)
• Care plan information

• Identify patterns in obtained and not-obtained treatment 
goals

• Number of clients per demand for care
• ZZP-mix
• ZZP-mix prognosis

• Identify & predict the ZZP mix

1. Business / 
Environment 

understanding

2. Data 
understanding 3. Data preparation 4. Modelling 5. Evaluation 6. Deployment



Findings: Data understanding

Data mining goals Available data
• Identify patterns in incidents • 5,692 records with incidents

• 13 different incident types

• Identify patterns in risk assessment • Depression risk: 2,129 records
• Falling risk: 889 records
• Incontinence risk: 877 records
• Medication risk: 806 records
• Problem behaviour risk: 0 records
• Weight risk: 567 records

• Identify patterns in care-related measures • 27,174 records with care-related measures

• Identify patterns in obtained and not-obtained treatment 
goals

• 20,725 records with treatment goals
• 14.59% obtained goals
• 85.41% not obtained goals

• Identify & predict the ZZP mix • 1,831 records with historical delivered
ZZP’s

1. Business / 
Environment 

understanding

2. Data 
understanding 3. Data preparation 4. Modelling 5. Evaluation 6. Deployment



Findings: Identify patterns in incidents
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Findings: Predict the ZZP mix

ZZP1 ZZP6
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Findings: Evaluation

• Explorative research  no groundbreaking results
• Information needs of multiple care institutions & stakeholders

• Lack of standardization
• Heterogeneous data

• Predictions are too dependent on environmental factors
• Limited historical data
• Too many dependent factors for the forecasts to be practically useful

• Changes in laws and regulations have direct effect on analysis

• Qualitative data (e.g. free text input)
• Complex to analyse

1. Business / 
Environment 
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2. Data 
understanding 3. Data preparation 4. Modelling 5. Evaluation 6. Deployment



Findings: Deployment
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