


Data-Science for Actuaries 
practical training 

 
Thomas Behar & Matthias Pillaudin 

« Comité Assurance de l’AAE », March 2016 
 



Data-Scicence for Actuaries : Why? 

 
New context, new needs 
-Digital Revolution 
  massive hetereogeneous data, new clients behaviors,  
  new usage, connected objects, … 
 
-New skills to learn in the industry 
 

-New specific skills to learn for Actuaries 
 

Our Answer: a new practical training, specificaly tailored for Actuaries 

 



Teaching guidelines 

 Joint theoretical and practical knowledge to learn 

 Specific skills to handle massive heterogeneous data : extraction, management and analytics 
 

  Algorithms, data driven approach, statistical learning, overfitting risk identification, robustness 

Data world embedding, for instance Kaggle-like private data science challenges. Specific use 
cases relevant for insurance companies 

 Project with tutor for each participant 



Main Goals 

After having been trained, the Data Scientist Actuary will be able to: 
 
 
- Implement statistical methods using Python (or R), 

 
- Evaluate a given algorithm’s performance (complexity measure, memory footprint..) and 

distribute the algorithm when needed 
 

- Make decisions on how to handle data storage 
 

- Use advanced offline/online methods 
 

- Identify relevant reporting and visualization tools 
  
 
These newly acquired skills will enable the Data Scientist Actuary to perform teamwork with IT and 
Marketing departments to ensure new offers’ efficiency and solvability 



Directors   Arthur Charpentier    (Actuaire, Prof. Stat. Rennes et UQAM) 
    Romuald Elie              (Actuaire, Prof. Maths, Université Paris-Est et ENSAE) 
    Jérémie Jakubowicz  (Agrégé et Docteur Maths, Prof Télécom Paris Sud et ENSAE)  
 
Scientific Board  Michel Bois                                (Actuaire, DSI CNP Assurances) 
    Renaud Dumora                       (Actuaire, DGA  BNP Paribas Cardif) 

Philippe Marie-Jeanne            (Actuaire, Directeur Lab Big Data Innovation AXA Group) 
    Françoise Soulié-Fogelman    (ENS, Consultante, ex KXEN) 
    Olivier Sorba                             (Actuaire, CRO Groupe Lagardère) 
    Marc Hoffmann                        (Professeur Stat Dauphine et X, Chaire Big Data Havas ILB) 

Florence Picard                         (Actuaire, Commission Scientifique Institut des actuaires) 
 
Executive Board  Institut du Risk Management 

Thomas Béhar         Président, Membre du Comex de CNP, Président de l’Institut des actuaires 
    Régis de Laroullière       Directeur, Directeur de l’Institut des actuaires 
    Catherine Idée Rosier    Responsable des formations 
 

Under the patronage of the 
Scientific Committee of the Institut des Actuaires 

Governance 



Training strong points 

- Specifically tailored for Actuaries 
 

- Taking into account the Industry specific needs 
 

- Gracefully blending theoretical and practical viewpoints 
 

- Training content reviewed by a high level Scientific Committee 
 

- Team of directors possessing Statistical and Computer Science skills 
 

- Validating exams 
 

- Tutored project 
   
 

 



A -  Python                                 ~ 24h 

B -  Datamining with R                                                      ~ 18h 

C -  Practical Machine Learning         ~ 24h 

D -  Statistical Learning Foundations       ~ 24h 

E -  Distributed Machine Learning and applications                             ~ 12h 

G -  Case Studies                  ~ 50h 

168 hours total over 12 months (summer vacations excluded) 2 days per month.   

Technical Program 



Program 

A – Python ~ 24h 
 

Goals :  Introduction to Python programming language, together with its main statistical 

analytics toolbox  
 
- Standard data types : bool, ints, floats, string, list, dicts, sets 

- Iterators and generators 

- Functional style programming, lambda functions 

- Data files : txt, csv, binary dumps 

- Connection to databases 

- Numerics : numpy and scipy 

- Analyzing data through Pandas 

- Analyzing data through scikit-learn 

- Visualization with matplotlib 

- Graph specifics with networkx 
 
 



B – Datamining with R ~ 18h 
 
Goals :Introduction to standard Data Mining techniques, with a focus on non 

supervised techniques. The algorithms are tested with advanced R libraries, with an 

update on recent packages. 

 

- Advanced R : data table, local data frames, memory aspects 

- Advanced R: creating maps and interactive graphs 

- Descriptive data analysis methods  

- Factor analysis : PCA, MCA, or MFA 

- Cluster analysis : hierarchical clustering, k-means  

- Linear regression, ANOVA, MANOVA 

- Partial least square regression 

- Logistic regression 

- Generalized linear model methods  

- Bayesian methods, gibbs sampling 

Program 



C – Practical Machine Learning ~ 24h 
 
Objectif :Presentation of a practical survey and recent algorithmic tuning tricks for machine 

learning applications. Real case study  via a data science game competition. 

 

- Data exploration, selection and transformation 

- Practical selection methods for machine learning algorithms 

- Validation and selection procedures 

- Data scaling and computer processing organization 

- Presentation of case studies 

- Machine learning basics : decision trees, random forests, linear models, boosting 

- Tuning of data science algorithms 

- Participation to a data science game competition 
 

Program 



D – Theoretical Foundations  ~ 24h 
 
Goal : Overview of the statistical foundations of the principal machine learning algorithms. Identification of 

validation procedures and overfitting indexes, with a focus on supervised learning.  

 

- Supervised, unsupervised and semi-supervised learning,  

- Learning, correlation and causality 

- Decision Theory, loss function, risk, empirical risk 

- Oracle functions, stochastic and systematic errors 

- Vapnik-chervonenkis dimension and extensions 

- Complexity and consistency  

- Overfitting, bias variance tradeoff 

- Risk convexification :  logistic, quadratic, boosting  

- Regularization methods : ridge, lasso, group-lasso, sparsity  

- Proximal operators, Stochastic gradient descent  

- Partition methods, k-nearest neighbours, decision trees, CART 

- Support vector machines, kernels 

- Neuronal networks, perceptron  
 

Program 



Program 

F – Case Studies~ 50h 
 
Objectif :Presentation of data science valuable applications to actuarial problems. Here is a 

list of possible topics. Recent topics from other fields of application could also be included. 

 

- De-anonymisation risks and client profiling 

- Health monitoring, data analytics and insurance incentives design 

- Insurance pooling via social networks  

- Agricultural insurance products via satelite pictures   

- Web crawling and news forecast for asset management strategies 

- Pattern recognition for sequential investment strategies 

- Client profiling and churn rate optimization for online insurance   

- Scenarii simulations for  economic capital requirement computation  

- Fraud detection via statistical data analysis 

- Smart data, construction of continuously updated financial and actuarial indexes  

- Web bidding and client acquisition costs 

Applications of open data transcription to the insurance sector  
 



Gantt Chart 

2016 2017 

March April May June Sept. Oct. Nov. Déc. Jan. Feb. March April 

A) Python 
              

B) Datamining with R 
          

C) Practical Machine Learning 
          

D) Theoretical Foundations 
                

E) Distributed Machine Learning 
            

F) Case studies 
                        



Teaching Team 

Balanced from academics and industry 
 
 

Academics 
Ecole Polytechnique, MIT, Univ. Paris 1, Télécom Sud paris, ENSAE, CNRS… 
 
 
Tech Industry 
CNIL, Microsoft, Dataiku, Critea, Kamaleoon, Datarobot, Quantcube, Teralab …  
 

Insurance and Finance: 
Milliman, COVEA, Deloitte, Ernst and Young, Advestis, Capital Fund Management, BNP, Cardif … 



Actuarial Data-Science Project 

 Each trainee picks a data science project illustrating datascience techniques added value 
within the actuarial context 

 Project is tutored by an expert 

 Project takes place during the second part of the training  

 Project yields a written report as well as an oral defence in front of a jury plus other trainees 
(except confidential parts) 



Validation 

 Several exams to validate knowledge acquisition 

 Actuarial data science project   

 Data Science for Actuaries Diploma delivered by the Institut du Risk Management 
for Institut des Actuaires 


