
All-Brain Challenge Project 

Large-Scale Brain Systems 

Over the last several decades, neuroscience has expanded its reach drama5cally 
to include cogni5ve, computa5onal, communica5ve, and behavioral approaches 
to understanding "how the brain works”, namely, the rela5onship between brain 
ac5vity and observable inputs and outputs. The huge diversity of outputs and the 
overwhelming complexity of brain structure and physiology make it unlikely that 
there will be a single, simple ‘master’ equa5on governing these rela5onships. 
However, by relentlessly developing, discovering, and combining new theories, 
analy5cal methods, and experimental tools, the level of our understanding has 
significantly grown from single neurons to sensory percep5on to neural circuits 
and beyond. Some notable recent examples include network analysis, deep 
learning as a tool for discovery, the development of sophis5cated sta5s5cal 
modeling of neural popula5ons, and the rapid development of in vivo high-
throughput recording of neurons and sub-second neuromodulator dynamics via 
techniques such as Optogenics and calcium imaging. Thus, we can expect the next 
several years to yield even further progress as researchers con5nue to scale this 
'neural stack' towards an ul5mate understanding of brain func5onality in its 
en5rety.  

The Swartz Founda5on views as the core of its mission to ac5vely encourage and 
support such theory-centric research that shows promise in making great strides 
toward achieving this All-Brain “grand challenge” that provides global and mul5-
level formalism describing how the brain func5ons. Such research may involve, for 
example, new theore5cal perspec5ves addressing the behavior and evolu5on of 
complex systems, mul5-scale/mul5-layer inves5ga5ons that link cellular and 
system proper5es to global ac5vity, and extrac5ng new insights from 
breakthrough experimental methods yielding high-throughput data, all making it 
possible to propose and confirm new theories that provide deeper understanding 
of how the human brain learns, remembers, predicts, plans, and creates.  


