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Abstract

Learning about potential threats is critical for survival. Learned fear responses are acquired either
through direct experiences or indirectly through social transmission. Social fear learning (SFL),
also known as vicarious fear learning, is a paradigm successfully used for studying the
transmission of threat information between individuals. Animal and human studies have begun to
elucidate the behavioral, neural and molecular mechanisms of SFL. Recent research suggests that
social learning mechanisms underlie a wide range of adaptive and maladaptive phenomena, from
supporting flexible avoidance in dynamic environments to intergenerational transmission of
trauma and anxiety disorders. This review discusses recent advances in SFL studies and their
implications for basic, social and clinical sciences.
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Social regulation of fear

In the spring of 2015 a photograph of a four-year-old Syrian refugee girl went viral on social
media. In response to a photojournalist pointing at her a telephoto lens of his camera, the girl
raised her hands up as if surrendering at gunpoint. The photo captured the terror of war in
her expression: in order to survive, the little child had to learn quickly from others about life-
threatening dangers and how to behave when facing them.

Much progress has been made in recent decades in understanding the behavioral, neural and
molecular mechanisms of fear and anxiety [1-3]. Whereas fear occurs in the presence of an
immediate or imminent threat, anxiety is defined as an anticipatory state driven by a

probable or remote and uncertain threat [1]. Most of what we know about the neurobiology
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of fear and anxiety, whether innate or acquired, comes from research studying threat or
defense responses in isolation from their social context. In a typical experimental setting,
threat responses that are conserved across species, and which constitute a part of the human
experience of fear, are triggered through exposure to a harmful stimulus, such as an electric
shock. Eliciting defense responses through pain or threat of pain has allowed researchers to
study innate and learned fear responses, as well as their underlying brain correlates. In fear
conditioning (FC), the most commonly used form of fear learning, pairing a naturally
aversive event (the unconditioned stimulus, US) with a neutral stimulus (conditioned
stimulus, CS) endows the CS with an ability to trigger threat responses. Thus, the FC
paradigm enables the study of the formation and maintenance of directly learned aversions.

In social species, however, fear is often acquired indirectly through social transmission.
Ample data from human and animal studies provide evidence that social cues modulate
learning and extinction of learned fear [4-8]. Studies show that exposure to social cues
signaling threat, such as the sight, sound or smell of a scared conspecific may trigger or
potentiate fear responses [9-12], which is termed fear contagion [13, 14]. Signaling of fear
by a conspecific, when paired with a CS, may serve as a US and reinforce the establishment
of threat responses to this CS, a phenomenon referred to as vicarious fear learning, vicarious
aversive conditioning, fear learning by-proxy, observational fear learning or social fear
learning (SFL) [4]. Social cues can also signal safety. Indeed, the physical presence of a
familiar conspecific may attenuate fear responses and impair fear learning in an individual
that is subjected to FC, a phenomenon known as social buffering of fear [5]. The presence of
a conspecific has also been shown to protect against the acquisition, and to augment the
extinction, of conditioned fear through processes called /immunization [15, 16] and vicarious
fear extinction 8, 17], respectively. The social context thus plays a powerful role in
regulating fear. Social factors have also modulatory effects on anxiety. Moreover, fear and
anxiety may be transmitted in similar contexts [9, 18]. When citing studies reporting
possible transmission of both fear and anxiety, or anxiety alone, we will refer to these
findings as social fear/anxiety learning.

The goal of this review is to present a comprehensive framework for understanding the
neurobiology of social fear learning across taxa. We will begin by selectively reviewing SFL
paradigms, and discussing how this form of learning depends on the integration of systems
of fear learning and social cognition. Then, the known neural mechanisms of SFL are
reviewed, followed by a discussion about sex differences and developmental aspects of SFL.
Finally, we will discuss SFL mechanisms in dysfunctional (clinical) fear and anxiety, and
end on a call for future research.

How is social fear learning studied?

The variety of experimental models used to study SFL reflects the diversity of ways that
information is transmitted between individuals in every-day life of human and non-human
animals. Following Rachman’s [19] suggestion of three principle means of fear acquisition
(directly through conditioning or indirectly through vicarious exposure or instruction),
current research on SFL can be broadly categorized as either instructed or observational (or
‘vicarious’). In the instructed SFL paradigms, the participant is usually directly informed
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about the CS-US contingencies through verbal instructions. Some variants of instructed
paradigms, often used in studies with children, provide instructions indirectly, in a form of a
short story or a brief description of a potential threat [20]. The major advantages of
instructed paradigms are their ecological validity (mimicking every-day life situations),
easiness to manipulate in the experimental setting, and the opportunity to study complex
emotions [21, 22]. The major disadvantage of the instructed approach is that it can be only
used in human subjects, thus limiting comparisons across species. Instructed SFL paradigms
may be solely applied or in conjunction with observational SFL.

In observational fear learning, which is the main focus of this article, the subject learns CS-
US contingencies through the pairing of a CS with conspecific’s threat response, serving as
the US [4]. Depending on the sensory modality of fear transmission, SFL can be classified
as: 1) visual SFL, which relies on the images of the frightened conspecific [23-26]; 2)
auditory SFL, that uses fear vocalizations of the conspecific [10]; and 3) olfactory SFL that
uses the odor of the frightened conspecific [27]. In most experimental observational SFL
protocols in non-human animals, all modalities are used in conjunction as the demonstrator
is directly exposed to the observer [28, 29]. Some studies use a second-order observational
SFL procedure [30], which is analogous to second-order classical FC [31]. Second-order
SFL begins with standard observational fear learning procedure in which a neutral CS is
paired with the demonstrator’s expression of fear, and then in the subsequent training
session, this CS (now called the first-order CS or CS1) is paired with a novel cue (second-
order CS or CS2) [30]. The most commonly used measures of learning acquired through
observational SFL are changes in autonomic activity, such as skin conductance responses,
SCR, which are tested mostly in human studies [23, 25, 32]; behavioral threat responses,
such as immobility or freezing, which are used in animal research [26, 33]; and avoidance
behavior tested both in humans and animals [27, 34—37]. The major advantages of the
observational fear learning is that it can be used in pre- and non-linguistic organisms, can be
easily controlled experimentally, and allows for cross-species comparisons (for an example
of an observational fear learning procedure commonly used in human studies see Fig. 1; for
behavioral paradigms used in rodent SFL studies see Fig. 2).

Social cognition and SFL

There are many similarities between SFL and classical FC. However, in contrast to FC
which is reinforced by direct physical harm, SFL relies solely on the transmission of social
information, and should therefore be dependent on the perception and processing of this
form of information. Animal data show that SFL is conditional upon an undisrupted social
development and that social deprivation in juvenile period affects social transfer of fear in
adulthood. For example, mice reared in social isolation displayed impaired observational
fear learning as compared to mice reared in social pairs [38, 39], despite showing equivalent
levels of classical FC [38]. A key question for research on SFL is therefore to describe the
ways learning and social cognitive processes are integrated. Below we will discuss evidence
from animal and human studies showing how SFL depends on the processing of social
information.
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Relatedness, similarity and familiarity

Animals are selective with regards to whom they learn from, and the result of SFL depends
on both the characteristics of an individual animal and the situation that it is in. A growing
body of research across animal species points at the importance of the specific relationship
between individuals in social fear transmission. For example, although animals, from
rodents to primates, can observationally acquire fears from unrelated conspecifics [4, 40],
the strength of learning is enhanced by relatedness [28, 41, 42] and familiarity [43]. This
suggests that threat cues emitted by a related, familiar individual are more salient, require
reduced attentional resources to discriminate the identity of the demonstrator and/or are
better recognized [42]. Similarly, in humans, learning through observing a conspecific’s
distress is biased by group belonging. For example, fear information is more efficiently
transmitted between individuals belonging to the same racial/ethnic (in-group) as compared
to a different (out-group) [44]. A separate, but related, line of research examining the
transmission of pain information in clinical settings reports enhancing effects of
demonstrator-observer similarity [45]. This pattern of findings suggests that relatedness,
similarity and familiarity increase empathetic response to a demonstrator’s distress, whereas
being “out-group” decreases it. Relatedness and similarity also enhance the general or cue
specific anxiolytic effects of the presence of another individual across animals [5, 44].
Interestingly, also in the appetitive learning domain, demonstrator-observer similarity
augments vicarious responses in both monkeys [46] and humans [47].

Social dominance and attributed skill

Social hierarchy status and knowledge about the demonstrator have been identified by
research as variables strongly influencing how animals use the information gleaned through
observation [42, 48]. For example, primates are more likely to imitate behaviors modeled by
a dominant and knowledgeable group member [46, 48]. SFL studies in rodents investigating
the role of social hierarchy status found that group rank predicts vicarious learning of fear
[42, 49]. In general, subordinate group members display better SFL than dominant animals
[42, 49]. A human analog was reported by Selbing and colleagues [50] who found that a
demonstrator described as skilled (versus unskilled) in avoiding aversive outcomes,
facilitated avoidance learning in naive observers. In humans, knowledge about the relative
level of dominance of other individuals can be quickly acquired through observing the
outcome of their dyadic confrontations. These observational learning experiences are then
affecting subsequent learning from personal (FC) experiences about the same individuals
whose images are used as CSs paired with the electric shock, so that conditioned threat
responses are stronger to dominant versus submissive individuals [51].

Some data suggest that the effects of relatedness, similarity, familiarity and social hierarchy
status on SFL can be cumulative [42]. The influence of these social biases on SFL might be
an adaptive advantage that enables the acquisition of locally relevant knowledge about
potential threats [52].

Emotional sharing and empathy

Apart from the cross-species learning advantage conferred by kinship, similarity, familiarity
and social hierarchy status, emotional sharing and empathy social-emotional processes that
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have been shown to impact the transmission of emotional information. Based on studies in
rodents showing that exposure to a frightened conspecific triggers an observer’s distress and
fear, an argument has been made for the involvement of affective sharing/empathy as a
critical factor in the transmission of fear information and the ensuing learning [41, 53]. This
is consistent with a recent experiment in humans showing that a simple instruction
manipulation that has been previously validated to enhance empathy with a target
(encouraging the observer to pay close attention to a demonstrator’s discomfort during the
application of “painful” electric shocks) augmented fear learning acquired through
observing a demonstrator receiving electric shocks [54]. Research on empathy and pro-
social behaviors in humans suggests that individuals expressing high levels of empathy learn
pro-social behaviors faster [55]. It is plausible that the same relationship applies to SFL. In
support of this, rodent studies reported that inbred gregarious mice strains better acquire SFL
[40, 53]. Furthermore, similar to research on SFL, studies on empathy show that it is
intimately linked to perceived similarity and relatedness [56]. So far, research on SFL has
not differentiated the contribution of similarity from that of emotional sharing and empathy.

It is clear from the surveyed studies that social information shapes SFL. Yet, research has
only begun to describe the specific impact of various social factors on SFL. Moreover, little
if any research has addressed the more complex questions of how different social factors
interactively affect SFL. In addition, it remains to be investigated how information intrinsic
to the individual transmitting the information and specific situational/environmental
demands interact. New knowledge about the mechanism underlying the influence of social
cognition on SFL comes from studies on how social information interacts with threat
processing. Below, we highlight a few important lines of research related to these questions
and sketch a working neural model of SFL in human and non-humans.

Neural systems of SFL

Human and animal studies have consistently reported similarities between FC and SFL in
terms of behavioral and neural processes [4]. Although, a number of brain structures are
involved in FC, it is well-established that the acquisition, storage and expression of
conditioned fear depend on the amygdala [1-3]. The lateral nucleus of the amygdala (LA) is
a major site where inputs conveying information about the CS and US converge and synaptic
plasticity underlying FC occurs [57]. Both human and animal SFL studies report that the
acquisition and expression of SFL is associated with an increased amygdala activity [24, 25,
27, 29, 41; 58]. Rodent research demonstrates that pharmacological inactivation of the LA
prevents acquisition of SFL [27, 41] indicating that a functional amygdala is necessary for
SFL as it is for classical FC.

The converging evidence of behavioral and neural principles for FC and SFL highlights a
core aversive learning network in the brain centered on the amygdala in interaction with
regions of the anterior cingulate cortex (ACC). In FC, the ACC plays a role in controlling
responses to threat and modulating fear learning [59]. Human and animal research shows an
increased activity in the ACC during SFL [24, 49, 60, 61]. Recent studies in rodents found
that pharmacological inactivation of the ACC or optogenetic inhibition of the ACC-
amygdala projections prevented observational fear learning and left FC intact [41, 49, 62].
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This suggests a critical role of the ACC in SFL but not in FC. However, studies in infant rats
show that SFL may occur early in life before the ACC is mature and fully functional [27,
33]. This pattern of findings suggests that when the ACC is functional, it may be necessary
for SFL. The ACC is a part of the affective pain processing system and receives projections
from various sites, including the midline and intralaminar thalamic nuclei (MITN) which are
part of the medial pain system [63-65]. Human and animal studies show that witnessing a
conspecific that is distressed or in pain activates brain regions overlapping with the
observer’s pain processing areas [33, 66, 67]. Rodent research shows that the acquisition of
SFL is associated with an increased MITN activity [33] and pharmacological inactivation of
the MITN prevents social transfer of fear [41]. Human and animal studies also suggest the
role of other pain processing sites in SFL. For example, regions implicated by previous
research in both nociceptive and empathic pain, such as the anterior insula (Al) or
periaqueductal gray (PAG) [24, 33, 68]. Moreover, blocking the endogenous opioid system,
which is known to relieve self-experienced pain, enhances observational learning through
changes in activity within the amygdala, midline thalamus and the PAG [69].

There is considerable overlap of brain regions involved in FC and SFL, yet, the flow of
information between these, and additional regions, differs. For example, a recent study
examining both FC and observational fear learning in the same individuals, showed stronger
connectivity between regions related to pain, such as the Al, and social cognition, such as
the temporal parietal junction (TPJ), during observational learning as compared to FC [68].
Although the evidence supporting the involvement of the affective pain processing system in
SFL is accumulating, it is still to be determined whether the information conveyed to the
amygdala by the affective pain pathways reinforces SFL in a manner similar to the way the
aversive US reinforces classical FC. Existing research shows that the information about
social cues signaling threat may reach the amygdala through different sensory modalities
and distinct pathways reflecting various modes of social fear transmission. For example, in
rodents, SFL through 22 kHz stress vocalizations involves the auditory pathway and lesions
or pharmacological inactivation of the medial geniculate nucleus disrupts social transmission
of fear [10]. Similarly, SFL through the odor of a frightened conspecific engages olfactory
and alarm pheromone processing pathways and the disruption of these pathways impairs
SFL [27]. A recently published study in rats showed the critical role of the medial nucleus of
the amygdala (Me), an established site underlying social recognition using olfactory cues in
rodents, and the LA-Me connections in social fear learning [70]. Consistently, visual
observational fear learning in humans is associated with activation of the visual system [25].
One of the major questions for future studies is to determine how neural systems for social
cognition and threat processing interact in supporting SFL (for neural systems involved in
SFL see: Fig. 3).

The Ontogeny of SFL

Rodent studies show that early in infancy, learning is biased towards attachment to a
caregiver and FC is quiescent [71]. However, from birth on pups can acquire threat
responses from their mother through SFL [27, 33]. The presence of a frightened mother
activates the pup’s hypothalamus-pituitary-adrenal gland axis and causes a robust
corticosterone rise, and an increased activity of the amygdala and several brain areas known
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to be involved in processing fear, stress and pain [27, 33]. Rodent studies demonstrate that
SFL in infant rats occurs through chemosignalling pathways [27, 33]. It has not been
determined whether alarm chemosignaling plays a role in human infants, although recent
studies suggest that olfaction may mediate social fear transmission in adults [72, 73].
Interestingly, research shows that infant SFL may occur without any increased activation of
the ACC or the insular cortex which are not fully functional until later in life [33].

The young child’s dependence on the caregiver and an associated unique sensitivity to the
caregiver’s emotions suggest a special role of SFL in infancy and early childhood. This
distinctive character of SFL in childhood may have an adaptive function which allows the
offspring to learn early from parents about possible threats in the surrounding world [27, 74,
75). Indeed, human studies show that infants and young children exposed to novel stimuli
paired with faces expressing fear learn to display fear to these stimuli [74, 75].

Social Learning and Transmission of Maladaptive Fears and Anxiety

Above, we highlighted various adaptive functions of SFL. Recent studies suggest that social
learning also play an important role in the transmission of maladaptive fears and anxiety,
such as those occurring in anxiety disorders and posttraumatic stress [9, 18, 20, 74-84]. In
particular, clinical research shows that many phobias may be acquired through social
transmission, either observational or instructed [85]. Intergenerational transmission of fear
and anxiety may be explained by various mechanisms, including genetic and epigenetic
mechanisms, environmental conditions, or gene-environment interactions [86—87]. A recent
study on children-of-twins found that the association between parental and offspring anxiety
was independent of genetic confounds, and likely depended on parental modeling of anxious
behaviors and children’s social learning of anxiety [76]. Although fear and anxiety are
distinct states [1], parent-child social transmission of each of these states requires a child to
be uniquely sensitive to parental emotional expression. Indeed, experimental studies show
that infants and young children quickly acquire parental fears [9, 77, 78, 82, 88]. In addition,
recent studies show that clinical treatment of parental anxiety may prevent parent-child
transmission of anxiety disorders and positive modeling may reverse vicariously learned
anxious behaviors [89-92]. A child’s unique sensitivity to parental emotional states and the
resultant parent-child social transmission of fear and anxiety may be explained by
developmental factors, such as an early age of exposure, dependence on the caregiver,
duration and intensity of exposure, as well as above discussed social factors, such as
relatedness, similarity and familiarity. It is likely that social transmission of fear/anxiety may
interact with other factors, such as genes in the development of maladaptive fears or anxiety.
For example, a study investigating effects of functional polymorphism in the regulatory
region (5-HTTLPR) of the human 5-HT transporter gene found that carriers of the short
version of 5-HTTLPR comparing to carriers of the longer version displayed enhanced
observational fear learning [93].

Concluding Remarks and Future Directions

Drawing on human and animal research, we have reviewed recent advances in social fear
learning studies. We have presented evidence that social transmission of fear occurs through
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a variety of modes and engages various cognitive processes and distinct sensory modalities.
A common feature characterizing all SFL experimental paradigms is a reliance on the
integration of social cognition and fear learning processes. We have provided examples
showing how SFL depends on social information and proposed a framework for
understanding neural mechanisms of SFL. Future research should focus on the
characterization of how social cognition and threat processing circuits interact in supporting
SFL. Studies in rodents reported sex differences in levels of acquired threat responses
following SFL; yet, the significance of these findings has to be investigated [29, 39].
Another line of research should address the role of altered SFL in rodent models of human
disorders and diseases, such as autism and Alzheimer’s disease [70, 94]. Lastly,
development of computational models and simulations of SFL will help to elucidate the
workings of the underlying neural networks and will provide a mechanistic basis for
understanding of the generation, maintenance and transmission of threat information [95].

Social transmission of fear plays significant evolutionary adaptive functions and occurs from
infancy throughout the life of an individual. We have presented established and emerging
evidence suggesting the importance of SFL mechanisms in dysfunctional fear and anxiety,
especially in childhood and adolescence, as well as in other vulnerable populations, such as
first responders or medical personnel frequently exposed to trauma. Understanding the
neural and molecular mechanisms of SFL will pave the way to better prevention and
treatment of socially transmitted maladaptive fears.
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Trends Box

Social learning of fear in humans requires integration of social cognition and fear
learning mechanisms, and may occur through instruction or observation.

Studies have begun to characterize neural systems of social fear learning,
highlighting the role of the amygdala and the brain affective pain processing
system, including the anterior cingulate cortex.

Recent experiments suggest that avoidance responses acquired through social fear
learning may play a role in the emergence and maintenance of habits and cultural
traditions.

A unique sensitivity to the caregiver’s emotions and an early emergence of social
fear learning allow infants to learn from their parents about potential
environmental threats before the sensory and motor development enables them
direct exploration of the surrounding environment.

In spite of its adaptive functions, recent preclinical and clinical studies suggest that
social fear/anxiety learning mechanisms contribute to maladaptive fear and
anxiety, such as anxiety disorders and vicarious or secondary trauma.
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Outstanding Questions Box

How and where are the conditioned stimulus — social signaling of threat
contingencies encoded in the brain?

Are there common principles and processes governing social fear learning and the
social transmission of safety, reward and disgust information?

Does physiological synchronization between the observer and the demonstrator
affect (predict) learning outcome in social fear learning?

Does olfaction play a role in human social fear learning?

How do social fear/anxiety learning mechanisms interact with other heritable and
environmental factors in anxiety disorders?

Trends Cogn Sci. Author manuscript; available in PMC 2018 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Debiec and Olsson

Page 15

TRAINING TEST

Figure 1. Observational fear learning procedure used in human studies
During the training phase (left), an observer learns to fear a CS (blue rectangle) through

watching on a screen a demonstrator receiving FC (electric shocks to the wrist paired with
the CS). During the testing phase (right), the observer expresses fear during an exposure to
the CS. (A white lightning bolt denotes an electric shock and red lightning bolts denote fear
response).
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TRAINING TEST
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Figure 2. Behavioral paradigms used in SFL studies in rodents
This figure depicts SFL behavioral paradigms used in rodent studies, with the left column

showing the training and the right column showing the testing phase. In the most commonly
used paradigm, during the training phase the observer (right) is placed together with a
frightened demonstrator (left) and exposed to the CS (a shining light bulb for all experiments
in our figure, although, various sensory modalities may be used) (A). In one variant of the
SFL paradigm, the observer (right) and the demonstrator are physically isolated during
training but are able to maintain a visual contact (B). In another variant of the SFL
paradigm, the observer (right) is exposed to the prerecorded (or streamed life) vocalizations
produced by the frightened demonstrator (C). In SFL studies relying on chemosignaling, the
observer (right) and demonstrator (left) are physically isolated and the observer is exposed to
the air delivered from the box with the frightened demonstrator (D).
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Figure 3. A model of neural systems of SFL
The arrows describe the hypothetical flow of information between different functional brain

regions that are most relevant to SFL. As in FC, the information about the CS and social
cues signaling threat that is projected from the thalamus, hippocampus and cortical sites (or
directly to the amygdala as in the case of olfactory cues) converges in the lateral nucleus of
the amygdala (LA). The LA projects to the central nucleus of the amygdala (CE) that sends
outputs to sites and systems directly controlling threat responses. Some information (e.g.
about the context where learning occurs) reaches the LA through the basal nucleus of the
amygdala (B) and some other cue representations project to the CE without the LA being
involved. The medial nucleus of the amygdala (Me) mediates social behaviors and has
bidirectional connections with the LA. The affective pain processing system, including
midline nuclei of the thalamus (the ‘limbic’ thalamus), the anterior cingulate cortex (ACC)
and the anterior insula (Al) are believed to process information about social cues signaling
fear. The ACC-amygdala projections appear critical for the delivery of the information about
social cues signaling threat to the amygdala. SFL is modified by medial prefrontal cortex
(MPFC) which is responsible for interpretation of the other’s mental state and temporal-
parietal junction (TPJ) that controls attention processes during learning. The dotted line
represents a hypothetical alarm chemosignaling pathway that has been characterized in
rodents but is mostly unknown in humans.

Trends Cogn Sci. Author manuscript; available in PMC 2018 July 01.



	Abstract
	Social regulation of fear
	How is social fear learning studied?
	Social cognition and SFL
	Relatedness, similarity and familiarity
	Social dominance and attributed skill
	Emotional sharing and empathy

	Neural systems of SFL
	The Ontogeny of SFL
	Social Learning and Transmission of Maladaptive Fears and Anxiety
	Concluding Remarks and Future Directions
	References
	Figure 1
	Figure 2
	Figure 3

