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Short Abstract:

Cognitive models play a central role in advancing autonomous and adaptive behavior in robotics by
providing computational accounts of perception, memory, language, and decision-making. Rather
than relying solely on task-specific control architectures, cognitively inspired systems aim to
reproduce general mechanisms underlying human cognition, enabling learning, reasoning, and
flexible interaction with the environment. This course introduces key principles of cognitive modeling
in robotics, with particular emphasis on neural and symbolic—subsymbolic approaches. As a
representative example, we consider the ANNABELL (Artificial Neural Network with Adaptive
Behavior Exploited for Language Learning) model, which implements language acquisition and use
through biologically inspired neural mechanisms and working-memory structures. ANNABELL
illustrates how complex cognitive functions can emerge from the interaction of simple neural
components, offering insights into scalable, brain-inspired architectures for cognitive robotics.

Course Contents in brief:

* Introduction to cognitive robotics and cognitive architectures

+ Biological and cognitive inspirations for robotic intelligence

* Neural-based cognitive models and learning mechanisms

» Symbolic and hybrid approaches to cognition in robots

*  Working memory, attention, and executive control

» Language acquisition and processing in cognitive systems

* The ANNABELL model: structure, neural mechanisms, and language learning
* Applications, simulations, and relevance to autonomous robotic systems

* Open research problems and future directions in cognitive robotics

* Open Science approaches

Total # of hours of lecture: 8
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CV of the Teacher

Dr Giovanni Masala is a Senior Lecturer in Computer Science at the University of Kent, School of
Computing, where he leads the Cognitive Robotics and Autonomous Systems Lab. His research
spans artificial intelligence, robotics, human—robot interaction, medical imaging, and language
processing, with a strong publication record and an established international profile. He has held
lead and co-investigator roles on multiple funded research projects exploring the application of Al
and robotics to real-world domains, including healthcare, industry, and assistive technologies. Dr
Masala has extensive experience in academic—industry collaboration, technology transfer, and the
supervision of doctoral research in cognitive and embodied Al. He is a Senior Member of the IEEE
Computational Intelligence Society and serves as Associate Editor for Frontiers in Robotics and Al.
In the area of language understanding, he contributed to the development of large-scale neural
cognitive architectures, achieving significant scientific and public impact.

Dr loanna Giorgi is a Lecturer in Artificial Intelligence at the University of Kent, School of Computing.
She holds a PhD in Computer Science from the University of Manchester. Her research focuses on
cognitive modelling, developmental cognitive robotics, and human—robot interaction, with particular
emphasis on language as a computational mechanism for building high-level cognitive
representations and abstraction. Her doctoral work introduced a novel cognitive modelling approach
for multilingual language learning and received international recognition through the IEEE TCDS
Outstanding Paper Award. She also extensively researches autonomous and social robots. Her work
aims to combine symbolic and neural Al, cognitive architectures, embodied robotics and modern
deep learning to develop scalable, human-centred intelligent systems.

Final Exam: Multiple-choice question test.



Room and Schedule

Room: Meeting Room DIl — Polo A, Largo L. Lazzarino 1

Schedule:

Day 1 — March 24, 2026 — h. 11.00-13.00
Theoretical foundations
Hour 1 — Cognitive Robotics
Introduction to cognitive robotics and cognitive architectures
Biological and cognitive inspirations for robotic intelligence
Hour 2 — Learning and Representation
Neural-based cognitive models and learning mechanisms
Symbolic and hybrid approaches to cognition in robots
Day 1 — March 24, 2026 — h. 14.00-18.00
Core cognitive mechanisms, Models, Applications, and Research Outlook
Hour 3 — Cognitive Control and Language
Working memory, attention, and executive control
Language acquisition and processing in cognitive systems
Hour 4 — Case Study: ANNABELL
The ANNABELL model: structure, neural mechanisms, and language learning
Examples of training in ANNABELL
Hour 5 — From Models to Robots
Learning objects and actions in the real world. Tutor-based and scaffolded learning.

Experimental investigation of high-level skills in robots: learning, categorisation, abstraction
and cognitive control.

Hour 6 — Future Directions
Open research problems and future directions in cognitive robotics

Day 2 — March 27, 2026 — h 8.00-10.00: Final exam.



