
problems exist in speech processing; for
example, where, when hearing streams of
words, our brain needs to represent the
syntactic and semantic structure of the
sentence on the fly, anticipating future
words. Cognitive flexibility may also be
related to how fluidly the brain can repre-
sent likely future actions, contexts, or
thoughts.

Ultimately, looking at individual differen-
ces in the flexibility of this representation
could have implications in the clinical
domain. It is often thought that mental
disorder, in particular autism and schizo-
phrenia, could be described as a failure
mode of the predictive system [8,9],
related either to the brain using wrong
or incompletely learned beliefs or to fail-
ures in how neural networks implement
approximate ‘Bayesian’ computations
[10]. The neural substrate underlying this
prediction system and the factors
involved in its fluidity or its possible
impairments, as well as the precise
nature of the ‘code’, are still largely to
be discovered.
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Spotlight
Shining Light on Social
Learning Circuits
Steve W.C. Chang1,2,3,* and
Olga Dal Monte1

Learning from others powerfully
shapes our lives, yet the circuit-
specific mechanisms underlying
social learning in the brain remain
unclear. A recent study in mice
provides evidence that direct neu-
ronal projections from the anterior
cingulate cortex (ACC) to the
basolateral amygdala (BLA) play
a critical role in observational fear
learning.

Social learning is arguably one of the most
important and powerful learning strate-
gies available to us. We learn about the
world from our parents, family members,
and close others, a process that starts at
birth and continues throughout our life-
span. Our schools and universities are
designed for social learning; we gain
new skills and shape our worldview from
knowledge gleaned from our teachers,
friends, and peers. This universal human
characteristic of social learning is also
found in several other animals.

So, how do we learn from others? A large
amount of research – encompassing
behavioral and neuroscientific work done
in humans and other animals – has been
asking this question for long enough [1,2]
that the breadth of social learning research
has become too wide and complex to be
easily summarized in a few sentences. We
will therefore narrow our scope to focus on

one particular aspect of social learning:
observational learning.Observational learn-
ing, or vicarious learning, is the learning that
occurs through the observation of amodel.
It has been suggested that vicarious rein-
forcement plays a critical role in observa-
tional learning.Observingthereinforcement
(either positive or negative in valence) of
certain actions and outcomes in another
individual results in changes in our own
behavior [3,4]. Consistent with the role of
reinforcement in social learning, vicariously
rewarding events (e.g., seeing another indi-
vidual consuming a reward) drive neuronal
activity in brain regions involved in value-
guideddecision-making, includingtheACC
and the BLA [5,6]. However, the central
question of how such brain regions acquire
reinforcing information during vicarious
learning remains unanswered.

A recent study by Allsop and colleagues
[7] sheds light on this central question.
This tour de force investigation span-
ning behavioral, electrophysiological,
and optogenetic techniques helps delin-
eate the circuit-specific mechanisms of
observational learning. Capitalizing on
the observational fear conditioning par-
adigm in mice (Figure 1A) – incidentally,
also an effective method for studying
social learning in humans [8] – the
researchers uncover a direction-specific
interaction between the ACC and the
BLA. In the study, an observer mouse
vicariously experiences a shock deliv-
ered to a demonstrator mouse paired
with a predictive sensory cue. To better
understand the behavioral contingen-
cies necessary for observational fear
learning, several distinct types of
observer mice were tested to confirm
that (i) prior experience of the shock,
(ii) observation of the demonstrator
mouse receiving a shock, and (iii) the
vicarious shock being paired with a
cue are all necessary components for
observational fear learning. Next, based
on electrophysiological recordings, the
authors found that both ACC and BLA
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neurons encode the fear-eliciting cue
during the observational conditioning
phase. Additionally, the team recorded
neural activity from the ACC cells that
directly project to the BLA. They
reported that this population of cells,
compared with other, ‘non-network’
ACC populations, shows particularly
enhanced cue-evoked activity,

suggesting a possible functional role
of the BLA-projecting ACC cells in
observational fear learning.

Notably, recording from the BLA neurons
while optogenetically inhibiting the ACC
input to the BLA revealed that encoding
of the observational fear cue in the BLA is
critically dependent on the ACC input.

But is this input necessary for observa-
tional fear learning? Optogenetically
inhibiting the ACC input to the BLA
blocks cue acquisition from observa-
tional fear conditioning while leaving
intact the ability to acquire fear in a clas-
sical nonsocial fear-conditioning context.
Although it was known that the ACC is
necessary for observational fear learning
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Figure 1. Observational Fear Learning in the Anterior Cingulate Cortex (ACC)–Basolateral Amygdala (BLA) Circuit. Observational fear learning requires
input from the ACC into the BLA. (A) The observational fear learning paradigm used by Allsop and colleagues. Left: Observational fear conditioning phase. Right: Fear
expression testing phase. (B) Left: Identification of the BLA-projecting ACC neurons set the stage for the discovery of the necessary function of this population in the
acquisition of observational fear. Right: A simplified diagram of neural pathways involved in observational fear learning. Ce, central amygdala. Allsop and colleagues
demonstrate that the ACC input to the BLA has a critical function in observational fear learning (green). Adapted, with permission, from [7].
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[9], Allsop and colleagues demonstrated
that the direct pathway from the ACC to
the BLA is what causally underlies this
process (Figure 1B). Furthermore, to
probe the generalizability of this cortico-
amygdala mechanism in social interac-
tions, the same optogenetic inhibition of
the ACC input to the BLA was used to
test the formation of social preferences
from observing social interactions
between a control mouse and an aggres-
sive mouse. In a subsequent three-
chamber task, the mice with inhibited
ACC inputs to the BLA did not show
the expected avoidance of the aggres-
sive mouse. Intriguingly, despite the fact
that these two brain regions are heavily
reciprocally connected, optogenetic inhi-
bition of the projection from the BLA
to the ACC did not seem to affect obser-
vational fear conditioning. This raises a
fascinating possibility that these recipro-
cal connections underlie different
neural processes, and the information
transmission from the BLA to the ACC
may be involved in other types of social
behaviors that might rely on the initial
computations being performed in the
BLA.

Social learning requires a broad spectrum
of neural computations involving multiple

brain regions. This new study by Allsop
and colleagues uncovers a previously
unknown direction-specific corticoamyg-
dala circuit underlying one key aspect of
social learning; namely, learning from
observing another’s negative outcome.
From here many other exciting questions
remain to be answered. For instance, it
would be interesting to test whether the
same mechanism is in operation in the
primate brain. Humans and monkeys
show sulcus and gyrus divisions in the
ACC, something that is absent in rodents,
and in the primate brain the gyrus of the
ACC is believed to process more socially
oriented information compared with the
sulcus [5,10]. Furthermore, understand-
ing whether this direction-specific ACC–
BLA coordination is essential for learning
from others’ positive outcomes and imi-
tation learning, as well as for prosocial
behavior and empathy, will further enrich
our understanding of ACC–BLA coordi-
nation in social behavior. Undoubtedly,
the study by Allsop and colleague will play
a momentous role in guiding exciting
future research into social cognition.
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