Brain's 'GPS system' toggles between
present and possible future paths in real
time
30 January 2020
brain makes decisions but also how imagination
works more broadly, the researchers say.
"One of the brain's most amazing abilities is to
imagine things that aren't right in front of it," said
Loren Frank, Ph.D., a professor of physiology and
Howard Hughes Medical Institute investigator in the
UCSF Center for Integrative Neuroscience, codirector of the UCSF Kavli Institute for Fundamental
Neuroscience, and member of the UCSF Weill
Institute for Neurosciences. "Imagination is
fundamental to decision-making, but so far
neuroscience hasn't given a good explanation of
how the brain generates imagined futures in real
time to inform various kinds of everyday
decisions—while keeping track of reality at the same
time."
In the new study, published January 30, 2020, in
Cell, Frank's team had rats explore an M-shaped
maze, while recording the firing of neurons in the
hippocampus called "place cells", which are
traditionally thought to keep track of an animal's
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location—like a neural GPS system. But as the rats
approached a fork in the maze, the researchers
discovered that their place-cell activity began to
Survival often depends on animals' ability to make switch back and forth extremely rapidly—at a rate of
eight times per second—between representing the
split-second decisions that rely on imagining
alternative futures: If I'm being chased by a hungry animal's current position and its two alternative
future paths, as if to say: "Here I am—go left?—here I
predator, do I zag left to get home safely or zig
am—go right?"
right to lead the predator away from my family?
When two paths diverge in a yellow wood, which
will lead me to breakfast and which will lead me to The team also extended this finding to another type
of imagined scenario. Apart from location, place
become breakfast? Both look really about the
cells have also been known to keep track of an
same, but imagination makes all the difference.
animal's travel direction. The team found that place
cells representing opposite travel directions could
In a study of rats navigating a simple maze,
also switch back and forth extremely rapidly, as if to
neuroscientists at UC San Francisco have
say, "I'm going this way, but I could also turn
discovered how the brain may generate such
around and go the other way."
imagined future scenarios. The work provides a
new grounding for understanding not only how the

1/3

"The cells' fast switching between present and
hippocampus is also a navigation
possible paths was unmistakable because it was so center—responsible for, say, allowing an animal to
regular," said Kenneth Kay, Ph.D., a post-doctoral find its way back to the place where it remembers
researcher at Columbia University who led the
eating those delicious blackberries last summer.
study as a graduate student in Frank's lab. "It was
exciting to see because speed plus consistency is Along these lines, previous work by Frank and
exactly what's needed in any number of real-world others has shown that place cell activity can replay
settings, for both animals and humans."
an animal's recent movements or even anticipate
where an animal may be headed next, but such
The place cells' oscillations between the present
activity had only been seen intermittently—typically
and possible futures didn't appear to be directly
when animals were resting or pausing during
controlling rats' decisions about which path to
ongoing movement—as actively considering their
choose, but did become stronger as the rats
next move.
approached the decision point, Kay and colleagues
found. This suggested to the researchers that the The new Cell study is the first to show how
role of the hippocampus in decision-making might hippocampal cells can represent different
be to generate a "menu" of imagined scenarios for hypothetical scenarios consistently and
other parts of the brain that can associate these
systematically over time. Such a system could
options with past experience of their value or
allow animals on the move to make extremely rapid
potential danger, then make an appropriate
decisions in the moment based on these imagined
decision based on the animal's current
alternatives while also keeping track of the animal's
drives—hungry or thirsty, fearful or bold.
present reality, the researchers say. It could even
play a role in the brain's ability to generate
"We think this shows that the hippocampus is not hypothetical scenarios or thoughts more broadly.
just responsible for the recording the past and
processing the present, but for imagining the future "The regular switching between present and
as well," Frank said. "This study is just a first step, possible—or actual and imagined—looks like be a
but it opens new avenues for us to study how
robust system for generating lots of ideas, not just
imagined scenarios are generated and evaluated in for mechanically remembering or predicting," Kay
the brain as animals make decisions."
said. "The hippocampus could be at the root of our
ability to imagine."
Study Suggests New Conception of
Hippocampus as Source of Imagination
More information: Cell (2020).
www.cell.com/cell/fulltext/S0092-8674(20)30061-1
The hippocampus, a seahorse-shaped structure
found on each side of the brain deep in the
temporal lobes, is among the most intensively
studied parts of the brain.
Provided by University of California, San
Francisco
Hippocampal damage—whether by brain injury or in
a disease such as Alzheimer's—robs people of the
ability to form new memories, leading 20th century
scientists to describe the hippocampus as the
brain's memory center. In the 1970s, scientists
identified hippocampal place cells, which
spontaneously create maps of new environments
as animals explore them, then store these maps for
later use. This discovery, which was awarded the
2014 Nobel Prize in Physiology or Medicine,
prompted scientists to recognize that the
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