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Description du stage  

 

Explainable Multimodal Machine Learning for TECH-TOYS: application to Precision 
Medicine models of developmental disorders  
 

Context: 
Neurodevelopmental disorders (NDDs) are a group of frequent (1/10 children) sensori-motor, 

cognitive, communication, learning, behavioral disorders of multifactorial aetiology, with onset 

early in life but life-long consequences. Despite advances in our understanding of aetiology, 

diagnosis and start of intervention are often late (many months after onset of first clinical signs) 

and not based on quantitative data.  

The PIRoS team is engaged in the international TECH-TOYS project which aims to develop an 

innovative technological play setting (i.e., a gym equipped with a sensorized mat, a set of 

sensorized toys, wearable inertial movement units and cameras), suitable at infant’s natural 

environment, to provide easy-to-handle quantitative measurements of infant’s 

neurodevelopment and infant-caregiver interaction. Obtained data will provide a computational 

Precision Model for early detection of atypical features using digital biomarkers. 

 

The study of digital biomarkers usually follows a retrospective methodology [Saint-Georges-

2010]. Several infants are engaged in a protocol, and after diagnosis (around 3 years) 

clinicians are able to define control and pathological groups. Computational models could be 

employed to characterize and predict developmental disorders based on the analysis of such 

longitudinal data [Saint-Georges-2011].    
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Objectives: 
 

In this project, we investigate developmental disorders such as autism spectrum disorders. The 

data collected (during the 3 years) are then employed to develop predictive models of the 

pathology. 

 

The objective of this work is to develop multimodal machine learning techniques to identify 

digital biomarkers grounded in Explainable Artificial Intelligence [Arrieta-2020; Wallkotter-

2021]. We will take advantage of a combination of previous big data already acquired (see 

CareToy project http://www.caretoy.eu) with new ones collected prospectively during the 

project.  

 

This work will exploit methodologies and models of human-robot interaction and machine 

learning. We will use data collected in previous projects to develop predictive models of 

developmental disorders using multimodal signals. In addition to the model, we will work on the 

design of TECH-TOYS device. The work will include collaborations with TECH-TOYS partners 

in Italy, Turkey and Germany in order to address clinical, ethical, legal as well as scientific 

issues raised by the project. 

 

The main steps are: 

- Design a study for the prediction of developmental disorders based on CareToy data. 

- Selection of relevant multimodal signals (sound, accelerometers, video). 

- Development of machine learning based models able to predict developmental disorders. 

- Define requirements for a future TECH-TOYS device 

 

 

Skills: Python, Machine Learning, and Robotics 
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