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What we do

Our goal is to uncover neural mechanisms underlying cognitive
processes such as learning, multisensory integration, perception,
sleep, consciousness, and associated systems phenomena.
Our results constrain computational models of cognitive and 
systems-level processes that will be implemented in robots and 
neuromorphic computing systems. SP3 unifies different disciplines 
by addressing these issues at multiple study levels (cells, groups, 
networks, brain systems).
One of the deepest problems in science is the nature of 
consciousness. How is consciousness generated by the brain?
Novel ways to measure consciousness will make us less dependent 
on behavioural measures, which will benefit minimally conscious 
patients. Similarly, how can disparate phenomena such as sleep 
and wakefulness emerge from the same cortico-thalamic systems? 
We will investigate slow-wave activity and simulations of large 
populations of firing neurons in mice and humans.
We also investigate brain mechanisms of memory. Episodic
memory is the memory of our personal, conscious experiences set
within space and time.  We will identify the neuronal mechanisms
behind episodic memory, and validate them by computational
models and robotic systems. 
In relation to this, how does the brain create a representation of an 
object from multisensory input? Representations form the building 
blocks for higher cognitive processes. One goal is to develop a “deep 
learning” artificial neuronal network that learns to recognize objects 
and functions similar to real neurobiological systems.  
Finally, we engage in Co-Design projects which facilitate interactions 
between scientific groups and platforms. We focus on models 
of learning in large-scale systems and on how visual signals are 
transferred into motor commands.
By its cross-disciplinary approach to multiple levels of
neural and brain organization, SP3 will elucidate mind–brain
relationships that have eluded explanation for centuries.

How we are organised

WP3.1 CONTEXT-SENSITIVE MULTISENSORY OBJECT 
RECOGNITION. Aims to develop an understanding of neural 
interactions and  models incorporating information processing in a 
realistic theory of how we recognise objects within certain contexts.
WP3.2 WAVE SCALING EXPERIMENTS AND SIMULATIONS. Focuses 
on slow wave activity (SWA), and asks such questions as
how SWA changes when the brain state changes.
WP3.3 EPISODIC MEMORY AS MULTISENSORY RECONSTRUCTION. 

Conducts experiments to identify the neuronal mechanisms behind 
episodic memory, validate them using computational models and 
robotic systems, and test how they fail in old age and dementia.
WP3.4 EXPERIMENTAL AND COMPUTATIONAL EXPLORATION OF 
CONSCIOUSNESS MECHANISMS AND METHODS IN MICE AND 
HUMANS. Aims to: a) test and improve physiological methods
for assessing consciousness; and b) contribute to understanding
the nature of consciousness by testing theories. This will be
done using experiments to test principles in mice, and then
using the insights from these and from computational modelling to
develop better non-invasive methods in humans.
WP3.5 SCIENTIFIC COORDINATION, PROJECT MANAGEMENT AND 
COMMUNICATION. Coordinates inter-WP work within SP3 and its 
links with other SPs, the entire HBP and the larger neuroscience 
community. Its project management and communication brief 
covers quality assurance, ethics reporting, innovation, outreach, and 
public engagement.
WP3.6 SP3 CONTRIBUTIONS TO CO-DESIGN PROJECTS AND 
INFRASTRUCTURE. Supports the HBP Co-Design Projects
and Infrastructure coordination beyond that of WP3.5.

SP LEADER Cyriel PENNARTZ
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WORK PACKAGE LEADERS
• WP3.1 Context-sensitive Multisensory Object Recognition: 

Lars MUCKLI
• WP3.2 Wave Scaling Experiments and Simulations: Pier 

Stanislao PAOLUCCI
• WP3.3 Episodic memory as multisensory reconstruction: 

Cyriel PENNARTZ
• WP3.4 Experimental and computational exploration of 

consciousness mechanisms and methods in mice and 
humans: Johan Frederik STORM

• WP3.5 Scientific Coordination, Project Management and 
Communication: Cyriel PENNARTZ

• WP3.6 SP3 contributions to Co-Design Projects and 
Infrastructure: Cyriel PENNARTZ
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