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A B S T R A C T

The autonomous discovery and learning of robotic goals is a challenging issue to address. In this work, we
propose a cognitive architecture that supports the autonomous discovery and learning of goals. To do so, we
draw inspiration from neuroscience by modeling several brain processes such as attention and exploration
that we articulate with curiosity-based learning. Moreover, we employ variational autoencoders and create
projections of the latent spaces to dynamic neural fields through linear scaling. The aim of these projections is
to investigate synaptic plasticity by varying a scaling factor. We demonstrate that a low scaling factor supports
a random exploration strategy that produces more diverse actions with no tolerance regarding the discovery
of similar goals. On the contrary, a sufficiently large scaling factor drives the exploration toward uncertainty
reduction, focusing exploration as well as generating similar actions. In our case, we postulate that synaptic
plasticity in working memory can be crucial for exploration and the learning of goals.
1. Introduction

In recent years, advances in machine learning have produced in-
novative techniques to mimic human intelligence. For example, the
transformer model (Vaswani, 2017) is used to create large language
models that are able to answer questions and execute tasks based
on the user’s text input. Based on this work, researchers applied the
transformer model to robotics, where a robot can learn and generalize
various tasks (Brohan et al., 2022; Zitkovich et al., 2023). At the
same time, a language model can also be used in the context of an
autotelic agent to improve the generation of goals (Colas, Teodorescu,
Oudeyer, Yuan, & Côté, 2023). These approaches are representative of
two different visions that are facing each other. If the aim is similar
for both of them with the emergence of generalization and semantic
reasoning, the means diverge radically. In fact, the last method places
the developmental stage as a core principle by allowing an agent to
generate and pursue its own goals. The idea is to create agents that are
able to explore and learn to interact in their environment as children
would. Vygotski was one of the first to describe the theory of child de-
velopment (Vygotski, 1934) with particular attention to language and
social interactions. Later, Piaget formalized the stages of development
from sensorimotor to operational phase (Piaget, 1954). These authors
provided developmental markers to design robots in which emergent
properties such as reasoning and task composition can be more easily
apprehended.
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The field of developmental robotics (Cangelosi & Schlesinger, 2015)
brings together several disciplines such as machine learning, neuro-
science, or developmental psychology and not only intends to create
robots that learn like infants, but can also answer questions about
human cognition. For example, curiosity is a fundamental drive that
pushes us to explore and learn about our environment (Berlyne, 1950).
It can also be called intrinsic motivation, where the sensorimotor
evolution of a robot depends on the accuracy of predicting the con-
sequences of its own actions (Oudeyer, 2004; Schmidhuber, 1991). In
addition, certain aspects of cognition, such as attention and working
memory, need to be included to be able to handle the uncertainty of
the surroundings (Baddeley, 1992; Theeuwes, 1994).

Here, we propose an architecture supporting the autonomous dis-
covery and learning of robotic goals. Our approach gathers several
aspects of cognition such as attention, working memory, exploration
and learning. Building on previous work, we examine the plasticity of
working memory and demonstrate changes in sensorimotor processing,
exploratory, and learning behavior. This work is structured as follows:

In Section 2, we introduce several elements inspired by human
cognition used in this work such as attention, exploration, curiosity,
and working memory.

In Section 3, we present our architecture for the discovery and learn-
ing of robotic goals. The robot autonomously explores the environment
via random and direct exploration to identify new stimuli and engage
in learning using a learning progress metric.
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