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Abstract: Imitation is a powerful mechanism that allows agents to learn via their interactions 
within a social context. An artificial system that is capable of exploiting this imitative learning 
capability would be able to acquire new skills and tasks from interaction with another agent 
(typically  a  human  or  another  robot).  Imitative  social  learning  therefore  presents  a  very 
interesting  paradigm  in  robotics  and  computer  science  and  within  this  paradigm  robotics 
researchers are heavily influenced from interdisciplinary studies typically in biology, ethology 
and psychology. This tutorial takes such an interdisciplinary approach and aims to present the 
background and theories of  imitation  from biology,  ethology and psychology together with 
some of their practical implementations in robotics. The aim of tutorial is to disseminate this 
research field to a wider audience.

Motivation/Background: In order for robots to become useful  social partners to humans 
they will necessarily need to break free from the rigid pre-programmed confines of laboratories 
or industrial plants and use more 'natural' means of learning and interaction. For this to occur, 
the social environment is of prime importance in providing such learning situations. In fact we 
can look for inspiration from social environments in nature by studying how animals (including 
humans) socially interact and then exploit these mechanisms to allow us to design robots that 
learn new skills and tasks in a more ‘natural’ way. For example, pre-programmed behaviours 
(in a traditional sense) could be replaced by a process whereby the robot is simply ‘shown’ 
how to perform desired behaviours – the robot thus learning though imitation. Unfortunately, 
imitation learning is far more involved than simply 'copying' an observed demonstration and as 
such it  is  currently  a hard (and therefore interesting and worthwhile)  research problem in 
robotics.
In this tutorial we will start by presenting some background to imitation research from biology, 
ethology and psychology in order to highlight the complexity of the issues involved. We will 
then give an overview of proposed theories of imitation and how these have been interpreted 
in a robotics context. Finally we will present some systems in practice that realise some of the 
aforementioned theories and approaches.  Overall this tutorial aims to bring more attention to 
this highly interdisciplinary area and hopefully inspire participants in their own research.

Proposed Length: 3 hours.

Structure and Overview:
Part I: Background

● Social Learning and Matched Behaviour
● Imitation, Contagion, Autism and Kinethestic-Visual Matching
● The How, Who, When and What of Imitation
● The Agent Based Perspective and the Correspondence Problem in Imitation 

Part II: Theories
● String Parsing Theory
● Active Intermodel Mapping
● Associative Sequence Learning Theory
● Extended Ideomotor Theory
● Mirror Neurons, Opaque and Transparent Imitation
● The Evolution of Imitation
● Comparison of Theories, Strengths and Weaknesses  

Part III: Practice
● Behavioral Cloning
● Programming by Demonstration/Example
● Learning from Observation
● Imitation in Reinforcement Learning
● The ALICE framework
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● The ROSSUM architecture
Who should attend: 
Anyone with an interest in Robotics and Social Learning. Participants with diverse backgrounds 
are especially  welcome as this  tutorial  aims to give  an interdisciplinary perspective  to the 
research area of how to design artificial adaptive systems that can learn from observing and 
interacting with humans.
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