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Emotional contagion, that is, the spontaneous synchronization of emotions among individuals, is the basic mechanism of social cohesion and survival of different species. Emotional contagion can be observed in humans and many animals, and it has become an effective means to protect individuals from danger. The study of emotional contagion in different animals is of evolutionary significance, and in human society, emotional contagion has an important impact on mental health and group behavior. However, the existing research still has obvious shortcomings in the similarities and differences of cross-species emotional contagion, the communication dynamics in virtual space and the infectious effect of positive emotions. This paper reviews the mechanisms of emotional contagion in different species, such as rodents, nonhuman primates, dogs, crows and zebrafish, highlighting evolutionary conservatism and species-specific adaptation, and analyzes the role of human children's behavioral mimicry in its early development. Furthermore, we extend the discussion of emotional contagion to virtual social networks, revealing the unique communication mechanism in online environment. In addition, by combing the sociological model and the emerging neurocognitive model, the complex process of emotional contagion can be explained more comprehensively. Through multidisciplinary perspective, it provides systematic theoretical and empirical support for us to understand emotional contagion.
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1 Introduction

We can copy the emotions of others and produce corresponding changes in behavior and neural signals, a special ability known as emotional contagion. Hatfield et al. define emotional contagion as “Observer's tendency to automatically imitate and synchronize the facial expressions, voice, posture and movements of the demonstrator, and thus to emotionally converge” (Hatfield et al., 1994). Emotional contagion differs from mimicry in that the latter implies copying the demonstrator's actions with only behavioral changes and no emotional overtones, whereas the former takes into account the matching of actions and emotions. This means that emotional contagion should satisfy both behavioral mimicry and emotional change, and that behavioral change alone does not prove the emergence of emotional contagion. For example, contagious yawning is still considered to be an imitative behavior rather than a higher dimensional emotional contagion or empathy phenomenon (Gallup, 2021). The process of emotional contagion should therefore follow a two-step model: First, the observer recognizes the change in the demonstrator's behavior, and second, the observer imitates these behaviors and has the same emotional experience (Dezecache et al., 2015). It is important to note that the process of emotional contagion is not necessarily the observer's awareness of another person's emotions, but more of a transfer of emotions (Adriaense et al., 2019). Emotional contagion becomes an effective self-protection mechanism when fearful or painful behavior is observed in similar species. When the demonstrator perceives danger or reacts to a stimulus, the observer will react in the same way to protect themselves by witnessing the demonstrator's behavior, even if they do not perceive the presence of danger. Similarly, positive emotions are widely transmitted in groups and create strong bonds between individuals in a population. Although the study of positive emotional contagion still represents a very small fraction of research, it is of extraordinary research significance. In addition, emotional contagion is an important building block for the production of empathy, and the emergence of the capacity for emotional contagion is a harbinger of an animal's evolution to a higher emotional dimension. As a common social psychological phenomenon, emotional contagion not only affects human behavior and decision-making, but also plays an important role in the animal kingdom. From the perspective of evolution, emotional contagion may contribute to information transmission and group cooperation among individuals, thus improving the success rate of survival.

The process of emotional contagion involves many aspects within the fields of sociology, psychology, and biology, and in-depth research on emotional contagion requires multidisciplinary collaboration and the use of research tools and theoretical frameworks from different fields to rationalize the process of emotional contagion. This paper aims to illustrate the prevalence of emotional contagion in both animal and human populations, beginning with a review of research on emotional contagion among animals from the perspective of animals of different species and a preliminary introduction to cross-species emotional contagion. Afterwards, the underlying logic of emotional contagion, mimicry, is explored from the perspective of the human toddler, and emotional contagion in virtual and physical cyberspace is introduced. In human society, the scope of research on emotional contagion is no longer limited to real physical space, but also exists in virtual online communities, and emotional contagion in virtual space may be more influential. Because the social scope of an individual in the real space may be limited to his family, friends or colleagues, while in the virtual network community, the obstacle of the real distance is lifted, and the emotionally charged words, pictures or videos will be spread to more individuals and to a greater distance through the network carrier.

Finally, we also provide examples of classic and innovative theoretical models of emotional contagion, including sociological models developed from epidemiology and more recent neuroscientific models, etc. These models of emotional contagion have been used to control the spread of emotions in populations and to decipher cognitive-neurological mechanisms underlying the process of emotional contagion in human beings, but few researchers have provided comprehensive summaries of them, including the strengths and weaknesses of these theoretical models. In summary, in view of the multidisciplinary nature of this topic, it is necessary to provide a comprehensive overview to connect different fields such as sociology, psychology and neuroscience. This manuscript will construct a narrative by clearly defining the goals and findings of each part, and discuss in detail the manifestations and mechanisms of emotional contagion in different animals and humans through systematic narration and multidisciplinary perspectives, so as to provide comprehensive theoretical and empirical support for understanding this phenomenon.



2 Cross-species study on emotional contagion

This section will introduce in detail the relationship between mimicry behavior and emotional contagion in different animals. First of all, we will start with the study of rodents, then discuss similar studies of other species such as non-human primates, and finally summarize the importance of these studies in understanding the mechanism of emotional contagion.


2.1 Rodent

Rodents are the most studied animal vector for the phenomenon of emotional contagion, and most of the salient contributions to emotional contagion have been obtained from rodents. Studies on the subject date back as far as 1939 (Anderson, 1939), Until recently, the emergence of a Meta-analysis spanning 80 years and encompassing 124 studies summarized and analyzed the research on rodents within the field of emotional contagion, further clarifying the rodent model as an ideal animal model for conducting emotional contagion research. Similar to humans, rodents are highly social, and the effect of emotional contagion is even more pronounced as herd animals, features of rodent socialization may lead to large-scale emotional contagion (Nakahashi and Ohtsuki, 2015). Reviewing the previous literature, fear or anxiety remains the most frequent negative emotion in rodent emotional contagion studies, followed by pain (Hernandez-Lallement et al., 2022). In order to observe the process of emotional contagion in rodents (Church, 1959). In order to observe the process of emotional contagion in rodents, Church (1959) designed a classic emotional contagion experiment that is still worth exploring today; when one rat obtained food by pressing a lever, the other rat was simultaneously subjected to an electroshock stimulus, and when the former observed its partner's distressing emotion brought about by the electroshock, it ceased its lever-pressing behavior. This classic experiment not only demonstrated the process of emotional contagion between conspecifics, but has since led researchers to delve deeper into the question of empathy between animals of the same species. Another study placed demonstration mice in cages with flies to bite while observation mice witnessed the entire process. On day 2, when the observation mice were placed in cages that also contained flies, the mice showed painful behavior and enhanced analgesic responses even though the flies had lost their biting function (Kavaliers et al., 2001). Most researchers now use electric shocks to the soles of the demonstrator's feet, so that the observer witnesses the stimulus he or she is experiencing, and emotional contagion occurs through painful grunts, injurious movements, and so on. When witnessing the demonstrator mice writhing their bodies to minimize pain, the observer mice make the same writhing movements (Langford et al., 2006); and when the demonstration mice showed prolonged distress, the observation mice also began to show social fear behaviors such as running away (Pisansky et al., 2017). In addition, by observing only the painful behavior of mice with inflammatory pain, normal mice also showed nociceptive hypersensitivity (Smith et al., 2016). This suggests that mice may recognize pain in their own kind by sight, sound, and odor, and engage in avoidance or freezing behaviors in response to fear by means of emotional contagion, with freezing behavior being the most common rodent fear appraisal criterion (Pisansky et al., 2017). In wild environments, the emotional contagion of pain and fear can protect individuals from predators and thus perpetuate the survival of the race. In highly socialized animals, the level of emotional contagion of fear is also related to the size of the animal's population (Nakahashi and Ohtsuki, 2018). The smaller the size of an animal population, the higher the susceptibility of its fear to emotional contagion and the more likely it is to cause mass panic in the group; whereas individuals in large populations face fewer threats from predators, are better adapted to their environment, and their level of fear contagion is lower.

Stress is one of the common negative emotions in social environments, and prolonged exposure to stressful environments can be both psychologically and physiologically damaging. However, even in the absence of direct contact with the stressor, there is contagion of stress during social interactions, which is referred to as vicarious social failure and has been extensively studied in rodents, mainly rats and mice (Carnevali et al., 2020). Depression is a direct consequence of prolonged exposure to stress, and severe depression not only leads to impaired social interactions and impaired empathic responses, but prolonged exposure to depressed individuals can also be emotionally contagious to their peers, interfering with normal emotional experiences (Qu et al., 2023). Depressed rats were housed with two healthy counterparts, and all three developed depressive symptoms after 5 weeks (Boyko et al., 2015). This study provides strong evidence of the value of the emotional contagion theory within the field of psychiatric disorders, particularly the contagion of negative emotions; even without witnessing the exposure of a kindred spirit, healthy individuals can be contagious with negative emotions due to prolonged residence with an exposed kindred spirit, and some complex psychiatric disorders, such as anxiety, can be transmitted to a kindred spirit in this way as well (Meade et al., 2021).

Relevant studies on emotional contagion in rodents have been detailed in manuscripts by other researchers (Perez-Manrique and Gomila, 2022), In conclusion, the present research has found that a variety of emotions can be transmitted among rodents, such as fear, depression, and anxiety; and factors affecting the transmission of emotions in rodents, such as animal strain, previous exposure to stimuli, and familiarity with peers, have been verified, but only a few researchers have investigated the process of the transmission of positive emotions (Saito et al., 2016), and the attention of the present research is still confined to the process of the transmission of negative emotions.



2.2 Non-human primate

Recognizing and responding appropriately to the emotions of one's peers is essential for humans, and is considered to be an ability of all socialized animals (Ferretti and Papaleo, 2019), and this unique ability to unconsciously mimic the emotions and behaviors of others serves as “social glue” (Hale and Hamilton, 2016), and such benign social interactions increase pro-social behaviors (Wang and Hamilton, 2013). Emotional contagion is driven by behavioral mimicry, whether facial muscle mimicry or physical behavioral mimicry (Preston and de Waal, 2002). As the primate that is evolutionarily closest to humans, it has been demonstrated that it can mimic different emotions of its peers, both positive and negative, through changes in facial muscles (Parr et al., 2007), and this involuntary rapid facial mimicry (RFM) has been suggested to be a motor mirroring response, which increases emotional communication between peers (Scopa and Palagi, 2016). Primate facial expressions can currently be categorized into two types, starting with a pattern of facial muscle alterations thought to be similar to those that occur when humans produce smiles: the relaxed open mouth (ROM) or the play face (PF), a facial expression in which the mouth is held long and open but does not show all of the teeth, and human laughter is thought to have evolved from the primate PF (Fowler and Christakis, 2008); The other is full play face (FPF), in which the upper and lower teeth are exposed on top of the PF, and this bare teeth behavior usually represents submission or affiliation; therefore, these two facial expression changes are considered as one of the ways of emotional expression in primates. In a study of Bornean orangutans, it was found that most of the orangutans (N = 25) could mimic each other's open-mouthed expressions in a rapid period of time (<1 s), and that this phenomenon of involuntary rapid facial mimicry could be accomplished without preparation, which is related to involuntary facial mimicry for positive emotional contagion in humans (Davila et al., 2008). Lowland gorillas can observe each other's facial muscle changes during social play, and when two playmates of the same species perfectly mimic each other's facial expressions, both maintain the same expression (e.g., a big grin) for a longer period of time, whether in PF or FPF mode (Bresciani et al., 2022). And PFP is more likely to occur during intense confrontational play, which is a friendly facial expression that prevents playmates from misperceiving intense action as aggressive toward them, and that playmates can successfully recognize and respond in a friendly manner to this positive expression (Waller and Cherry, 2012), this means that positive emotions are contagious. Although rapid facial mimicry has been demonstrated in non-human primates, its influence on emotional contagion is still unclear. Future research should focus on long-term observation to verify the long-term impact of this phenomenon.

Contagious scratching and contagious yawning are two specific types of motor mimicry, and the study of these two behavioral paradigms helps us gain insight into the possible causes of behavioral mimicry in emotional contagion. Negative emotions are usually judged to be present in primates when scratching behavior is present (Palagi and Norscia, 2011), and infectious scratching has been found in studies of humans (Meeuwis et al., 2022) and primates such as rhesus monkeys (Feneran et al., 2013), Japanese macaques (Nakayama, 2004), and Bornean orangutans (Laméris et al., 2020). Interestingly, infectious scratching occurs in Mirounga leonina in addition to primates (Wojczulanis-Jakubas et al., 2019), whereas rodents, which have the highest number of occurrences in emotional contagion studies, do not have sufficient evidence to support the presence of infectious scratching (Lu et al., 2019), which is most likely the result of differences in the MNS between primates and rodents, and the fact that there are fewer studies on MNS in rodents. Whereas contagious yawning may be more helpful in our more in-depth study of emotional contagion, observing that emotionally charged facial expressions of others activate emotional contagion mechanisms, yawning, which is also a change in facial muscles but lacks emotional coloring, is similarly contagious within a group. This low-level yawning contagion helps us understand the underlying causes of emotional contagion of facial expressions, and non-human primates are excellent subjects for studying contagious yawning, not only because of their evolutionary similarities to humans, but also because of the different facial expressions they can make as well.

Contagious scratching and contagious yawning have been recognized in some primates, but more research is needed to determine if both abilities are present in all non-human primates, and more research on contagious scratching and contagious yawning in non-human primates has been combed through the manuscript of Nieuwburg et al. (2021). In summary, the current study demonstrates that low-level behavioral mimicry exists in nonhuman primate populations and that emotional contagion is equally present. These findings are of great significance for understanding the evolutionary roots of human emotional contagion. However, the results of some studies are still vague and not fully explored. For example, the discovery of positive emotional contagion in non-human primates is still limited, and further research is needed to confirm its consistency and repeatability.



2.3 Dog

Similar to primates, dogs have a special ability for rapid mimicry, which means that they may also possess emotional contagion. During dichotomous play interactions with conspecifics, when a playmate exhibits ROM or play bow (PBOW) behaviors, which indicate the emergence of a positive emotional state, play time between them increases by mimicking the positive behaviors of the playmate, and the level of this rapid mimicry correlates with the familiarity of the pair (Palagi et al., 2015). However, some conflicting conclusions have been drawn in studies of contagious yawning in canines. One study demonstrated that 21 out of 29 dogs would exhibit contagious yawning behavior when confronted with human yawning (Joly-Mascheroni et al., 2008). Subsequent studies have debunked this conclusion that dogs only show low levels of contagious yawning behavior, whether in the face of yawning by their own kind or by humans (Harr et al., 2009; O'Hara and Reeve, 2011). A new study then added to the initial findings that when confronted with an unfamiliar human yawning, 72% of adult dogs and 69% of puppies (4–14 months) showed contagious yawning, and 61% showed delayed yawning (e.g., yawning 5 min after the observation of a human yawning) (Madsen and Persson, 2013). The conclusion contradiction of infectious yawning in dogs may come from the difference of experimental design. The age of dogs and their emotional connection with humans may be key variables, and it is urgent to standardize the experimental paradigm to verify the reproducibility. Although it has been possible to establish that mimicry occurs among canines, their contagious mimicry of yawning in conspecifics and humans still needs to be confirmed by more research.

Dogs are one of man's reliable animal friends, and in many cases, dogs act as positive and active agents in their interactions with humans, and the process of positive and benign interactions can have a beneficial effect on both humans and dogs. However, not all interactions are friendly, and human society is often filled with stress, and this negativity can be contagious across species, such as dogs that chronically share their living environments with stressed-out owners. A number of studies have found that short-term acute stress is contagious in dog-human dyads, and in these studies, female dogs showed higher emotional sensitivity than male dogs and were strongly correlated with owner personality traits (Höglin et al., 2021; Sundman et al., 2019). In stress reduction activities for students on campus, specially trained dogs often act as therapy dogs and are used to alleviate a variety of stressors in students; however, these therapy dogs exhibit more stress-related behaviors during their interactions with students (Sarrafchi et al., 2022). Consequently, research on the transmission of stressful emotions in canines has called for an update of standardized policies and comprehensive guidelines for animal welfare.

When a human cried, even if it was pretending to cry, the dog responded by turning toward and approaching the human, whether the person crying was his owner or a stranger. Even when the crying stranger did not respond to the approaching dog, the dog did not turn his head to approach his owner for comfort. This finding was also confirmed in human infants, where dogs showed increased cortisol levels and both alert and submissive behaviors when the infants cried. Thus, the mechanism of emotional contagion triggers the dog's behavior when confronted with a crying human, rather than the dog's personal pain (egoistically driven by aversion and discomfort to the pain of others (Hortensius et al., 2016) driving the comforting behavior (Custance and Mayer, 2012).

Emotional contagion studies on animals have mostly been limited to conspecifics, and as the right-hand man of long-term human domestication, some researchers have focused their perspectives on emotional contagion in dog-human dyads and found interesting conclusions on the transmissibility of emotions across species. However, how do dogs recognize and respond to human emotions, a process in which visual, auditory and chemical signals act as a bridge to emotional contagion. Dogs can recognize human facial expressions and different emotional sounds for emotion recognition, which has been confirmed in many studies. A study found that even when half of the face is exposed, up or down, dogs can recognize emotions by associatively promoting to the other half of the face judging human expressions (Muller et al., 2015). Whereas when speakers were used to play non-emotional sounds (biological sounds such as crickets chirping and birds singing, or non-biological sounds such as rain and leaves rattling in the wind) and emotional sounds (negative crying or positive laughter), the dogs showed more behavioral responses to the latter and more freezing behaviors to the negative crying sounds (Huber et al., 2017). The dog's olfactory system has the amazing potential to collect sweat from the armpits of human subjects after watching videos that elicit fear or happiness, and when exposed to the odor of fear sweat, the dog recognizes the chemical signals of this fear and experiences a stress response of increased heart rate (D'Aniello et al., 2018).



2.4 Raven

Although the choice of the raven as a study subject is relatively unknown in the field of emotional contagion, the research conducted on it is an innovation in the field, not only because of the high sensitivity of these birds to the emotions of their own kind, but also because this type of research dissociates emotional contagion from behavioral contagion and proposes a new idea: behavioral contagion is not an antecedent to emotional contagion, a conclusion that overturns Hatfield's definition of emotional contagion as presupposed by mimicry of the behavior. However, it is important to be wary of differences in cognitive and behavioral styles due to species differences that can lead to differences in cognitive and behavioral styles, for example, the raven appeared to make pessimistic judgments in a cognitive bias task in a state of observing negative emotions in its own kind, but evidence of positive emotional contagion was only seen in young ravens in the context of social gaming (Wenig et al., 2021). Certain infectious behaviors, such as yawning and scratching, exist in humans and mammals, but there is no evidence that ravens exhibit any of the above behaviors (Gallup et al., 2022). Thus, it is likely that the process of emotional contagion in ravens lacks behavioral mimicry, but only emotional change. Therefore, the generalizability of the findings on emotional contagion among ravens to other species remains one of the many questions that need to be verified, and the role of behavioral mimicry in emotional contagion cannot be denied on the basis of a small number of studies, and the extant studies have some limitations (Vonk, 2019).



2.5 Nestor notabilis

Currently, only a handful of studies have experimented on the contagion of positive emotions, and the sensory cues for positive emotion contagion have mostly focused on hearing (Dietmar and Julia, 2005), as previous studies have found that deaf mice are less likely to play with their counterparts (Siviy and Panksepp, 1987). One of the strongest pieces of evidence for positive emotional contagion is a study of Nestor notabilis in which many birds began to play with non-playing conspecifics when Nestor notabilis play calls were played, rather than joining in a game that had already begun. This suggests that play calls can trigger positive emotional contagion in Nestor notabilis, and that such calls are not game invitations specific to a particular bird, but trigger collective play behavior (Schwing et al., 2017).



2.6 Elephant

Elephants are highly social animals that help the weaker members of their group and have close bonds with family members. Following distress events (intimidation or attack by conspecifics, social isolation, environmental threats, etc.), elephants become behaviorally agitated (e.g., ears forward, tail erect, movement) and emit agitated vocal signals (e.g., trumpets, roars and rumbles). When observing conspecifics that appear distressed, elephants will approach distressed individuals more often to emit a reassuringly distinctive sound (e.g., chirping) and to make physical contact to comfort them (e.g., touching genitals, mouth, head, etc.) (Nair et al., 2009). The phenomenon of elephant consolation has also been described in a number of anecdotal reports (Eranga et al., 2015; Iain et al., 2006; Sharma et al., 2020), but there have been no additional studies controlling for emotional contagion, and the scientific validity of these reports has been questioned.



2.7 Farm animal

Domestic pigs are a highly social class of farm animals, and in painful emotional states, pigs exhibit behaviors such as pain grunting, low tail posture (drooping or retracting tails), freezing, and avoidance. In positive moods, on the other hand, pigs indicate this byactively hanging tails, and playing (Iglesias and Camerlink, 2022; Reimert et al., 2013), and these behavioral indicators can help researchers to determine the emergence of their negative moods. Sensitivity to both positive and negative emotional contagion has been demonstrated in domestic pigs (Reimert et al., 2013), where salivary cortisol levels were measured and found that pigs were aroused by the events, whether they were rewarding events (pairs entering a reward gate containing straw, peat, and raisins for 5 min) or aversive events (entering aversive gates of 5 min social isolation accompanied by unpredictable stimuli). By observing the responses of demonstration pigs after experiencing rewarding and aversive events, naïve pigs showed more sniffing and more defecation behaviors in response to aversive gates, and showed more playful behaviors during rewarding events.

Piglets that had been previously restrained showed more intense fearful behaviors, such as decreased locomotion and increased freezing, when observing their peers being restrained, whereas merely witnessing the embarrassment of their peers being restrained in the past did not increase fearful responses when witnessing it again (Goumon and Spinka, 2016). The transmission of negative emotions can have an impact on the welfare of their communal rearing and, after being stimulated with different emotions, positively stimulated domestic pigs were more likely to elicit positive emotions from their naïve companions, whereas negative stimuli produced the opposite result (Inonge and Stephanie, 2017). In addition, domestic pigs are also characterized by contagious yawning (Norscia et al., 2021), and this ability to mimic automatically has been suggested as a possible prerequisite for emotional contagion.

Chemical signals released in the blood during goat slaughter can also lead to emotional contagion between conspecifics. Notably, normal blood-triggered olfactory or visual cues do not lead to emotional contagion of distress among goats, which only occurs when distressing emotions are generated during the slaughter process, leading to a stress response of elevated blood glucose (Ferguson and Warner, 2008; Kumar et al., 2023b,a). However, this conclusion is only based on a single study, which has not been repeated in other farm animals (such as pigs or chickens), and it has not been controlled whether stressors outside the slaughter environment (such as transportation or isolation) may trigger similar reactions. Such specific mechanisms need more cross-species verification.

Hens can become sensitized to the pain produced by their offspring, and when they perceive that their chicks are eating difficult food, they will alter their maternal feeding display (Christine and Stuart, 1996). When witnessing distressing emotions in chicks, hen vocalizations will increase, which is thought to be them calling the chicks away from dangerous situations, and the hen will less time preening and more walking (Edgar et al., 2013). When witnessing chicks accompanied by mild stress, domesticated hens also show behavioral consistency and socially-mediated arousal socially-mediated arousal (SMA) (Edgar and Nicol, 2018). SMA is a special form of emotional contagion, when witnessing behavioral or physiological changes in a kindred species that increase the observer's sensory alertness and attention to respond, such as decreased ground pecking and preening and increased freezing (Roelofs, 2017), and 19 subject- observer brood-pairings had reduced and positively correlated eye temperatures.



2.8 Zebrafish

The paucity of research on emotional contagion in fish may be related to their limited cognitive abilities and their limited response to injurious stimuli, resulting in fish having difficulty experiencing pain and not being able to recognize fear (James, 2002; Rose, 2014). The study of emotional contagion in fish has been a major challenge in the past few years. However, despite the difficulties, there are still some studies focusing on the phenomenon of emotional contagion in fish. Zebrafish, a hot vertebrate model organism in recent years, has high genomic homology with humans (Howe et al., 2013) and is widely used in toxicology studies (Zhang et al., 2020) and genetics studies (Knecht et al., 2017) due to its in vitro fertilization and embryonic transparency. When danger befalls, zebrafish increase their swimming speed, accompanied by freezing behavior and self-protection by diving down to the bottom (Kalueff et al., 2013), and these behaviors can indirectly help researchers to determine whether zebrafish are experiencing fearful emotions.

Citalopram is a selective serotonin reuptake inhibitor that reduces anxiety, and zebrafish that underwent citalopram-induced reductions in anxiety levels manifested themselves by moving away from the bottom of the tank and transmitting this low level of anxiety to other naïve individuals in the same tank (Burbano et al., 2021). Visual cues in zebrafish have been shown to act as conduits for emotional contagion. Upon spatial proximity to a predator, zebrafish elevate cortisol levels and remain underwater for extended periods of time to protect themselves, while other zebrafish, upon observing self-protective behavior in their own species, activate the same “defense mode” and activate the HPA axis to induce an increase in cortisol levels throughout the body, even when they are not exposed to the predator's environment (Oliveira et al., 2017). A few years later, this conclusion was confirmed in other researchers' manuscripts that zebrafish can be emotionally contagious through visual cues, and further studies found stronger levels of emotional contagion of fear within groups of zebrafish that were familiar with each other (after 7 days of co-hosting) compared to their unfamiliar counterparts (Priscila et al., 2019). New research finds that oxytocin plays a key role in fear conditioning in zebrafish (Akinrinade et al., 2023). Stimulated zebrafish release a certain chemical (Schreckstoff) into the water, and their counterparts, detecting this danger signal by smell, trigger protective behaviors of freezing and fast swimming, whereas individuals lacking oxytocin regulation are less sensitive to this chemical signal representing danger, and by injecting oxytocin succeed in increasing their freezing behaviors in the face of fear. An interesting point of view is that the underlying mechanisms of emotional contagion were retained in the genes of fish and mammals when they were still of the same ancestry, roughly before 450 million years ago (Deangelis and Hofmann, 2023).

Previously, emotional contagion was thought to be a unique ability of mammals and birds. However, the conclusion of the study of emotional contagion among zebrafish conspecifics proves that emotional contagion also exists in fish, which raises the question of whether highly socialized animals generally have the ability of emotional contagion, or whether emotional contagion is a special ability that determines the formation of socialization in conspecifics.

Emotional contagion was first studied in rodents (Anderson, 1939), and then in non-human primates (Nieuwburg et al., 2021; Laméris et al., 2020), dogs (Grigg et al., 2022), birds (Liévin-Bazin et al., 2018), elephants (Plotnik and de Waal, 2014), ravens (Wenig et al., 2021), and even zebrafish (Burbano et al., 2021), where similar emotional contagion has been found. This means that emotional contagion is not unique to humans, but is also present in lower animals. As one of the cornerstones of generative social behavior, the behavioral paradigm of emotional contagion has helped researchers understand the development of mental illness and further explore the functional mechanisms of cognitive behavior. However, the creation of emotional contagion can also lead to biased findings, particularly in animal experiments exploring emotion-related issues, pushing experimental results away from expectations. At present, the phenomenon of emotional contagion in animals is still an area to be explored and many key questions remain to be addressed.




3 Emotional contagion in humans

This section will discuss the manifestations and mechanisms of emotional contagion in human beings, especially the relationship between children's behavioral mimicry and emotional contagion. First of all, we will review the ability of infants and young children in emotional contagion, and then analyze the emotional contagion phenomenon of adults in physical and virtual space.


3.1 Emotional contagion in children

Animals living in groups tend to learn information about their environment, whether positive or negative, from others through emotional contagion in order to ensure the continuation of their species. Humans are a highly social group, and the ability to recognize and respond to the emotions of others is a normal human ability, and this ability to transmit emotions binds individuals together, allowing them to become part of a social group and engage in pro-social behavior (Lakin and Chartrand, 2003; Lakin et al., 2008). However, we must clarify whether this capacity for emotional contagion is inherent in human beings, or whether it is something that they have acquired in their acquired existence, which will lead to the emergence of different paths in the future within the field of emotional contagion as well as higher levels of empathy, and affect the search for the mechanisms of certain psychiatric disorders (Figure 1). In order to address this issue, research related to emotional contagion in young human children is necessary.


[image: Figure 1]
FIGURE 1
 The Relationship between Mimicry, Emotional Contagion and Empathy. Mimicry, emotional contagion and empathy are progressive but independent concepts: (1)mimicry is a mechanical process in which individuals copy similar explicit behaviors (such as facial movements, postures or sounds), which may be independent of emotional experience; (2) Emotional contagion is a process in which individuals unconsciously synchronize other people's emotional states (such as facial expressions, sounds or physiological signals) to trigger their own emotional changes without cognitive understanding or intention; (3) Empathy contains the complex ability of cognitive and emotional components, which needs to distinguish others from their own emotional state, and may lead to targeted help behavior. Mimicry may be one of the mechanisms of emotional contagion, but emotional contagion does not necessarily lead to empathy (e.g., fear of contagion leads to flight rather than help); Empathy needs to be based on emotional contagion and superimposed with cognitive assessment (such as understanding others' situation).


Existing evidence continues to suggest that behavioral mimicry is one of the prerequisites for emotional contagion, and that mimicry of human facial behaviors is an important behavioral window for emotional contagion (Palagi et al., 2020). The use of soothers successfully disrupts this behavioral window, interfering with the caregiver's ability to mimic the infant's emotions, and diminishing the perception of either the infant's happy or painful emotions (Magdalena et al., 2014). Similarly, the disruption of the behavioral window by placing a pencil in the observer's mouth to prevent mimicry of low others' facial expressions impairs the observer's ability to recognize others' emotions (Birch-Hurst et al., 2022; Hirsch et al., 2023; Oberman et al., 2007). The induction of frowning muscle denervation by botulinum toxin resulted in reduced activation of the amygdala, an emotionally sensitive region, implying that alterations in facial expression modulate emotional centers through neural pathways (Hennenlotter et al., 2009), a study that sheds light on the physiological basis of behavioral mimicry in emotional contagion.

Yawning as a primitive stereotypical behavior has been shown to be contagious in non-human primates, and contagious yawning shares the same characteristics as emotionally contagious mimicry, i.e., both are rapid involuntary behavioral mimicry. Cordoni et al. observed 129 preschoolers (2.5 to 5.5 years) in five classrooms and found that the children who participated in the test were already capable of contagious yawning, were contagious to the yawns of others within 2 min of perceiving another person's spontaneous yawning, and that the level of spontaneous yawning was higher in boys than in girls, whereas the level of contagious yawning was not affected by gender Influence (Cordoni et al., 2021). Moving the life cycle forward, do neonates or toddlers also have the ability to be emotionally contagious? do neonates or toddlers also have the ability to transmit emotions? An interesting conclusion is that neonates start crying when they hear other neonates crying, but not when they hear their own cries, the cries of an older infant or the cries of a chimpanzee (Martin, 1982; Sagi, 1976; Simner, 1971). Does this mean that neonate is capable of emotional contagion? Ruffman et al. played four kinds of videos including infant crying, laughter, white noise and babbling to toddlers, young adults, and older adults respectively, and drew the following conclusions about toddlers' emotional contagion:(a) adults performed sadder than toddlers when watching crying videos; (b) regardless of age, they performed happier when watching laughter videos; and (c) toddlers performed comparably when watching crying videos and white noise videos. Ruffman suggests that toddlers' reactions to crying videos are more likely to be an aversive auditory stimulus than emotional contagion, as nearly half (42%) of toddlers did not show an emotional reaction to crying videos (compared to 45% of adults). However, this study does not deny the ability of toddlers to be emotionally contagious, but rather demonstrates a positive correlation between the level of emotional contagion and aging.

From a series of studies on human toddlers we can draw some conclusions that the occurrence of emotional contagion may need to be predicated on the mimicry of another person, through sensory channels such as visual (change in facial expression) or auditory (sound of crying) to induce imitative behaviors toward the other person, and consequently change the imitator's emotions. The process of emotional contagion in adult humans is even more complex because this behavioral paradigm occurs not only in real physical space, but also in virtual cyberspace, even if they are unable to observe others' physical behavior or facial expressions.



3.2 Emotional contagion in adults
 
3.2.1 Physical space

The Framingham Heart Study was initiated in 1948 to prospectively investigate risk factors for cardiovascular disease, and involved four separate but related cohorts, all of which were socially related except for the Omni Cohort, which was enrolled in 1994. “The ‘Original Cohort'; the 'Offspring Cohort' (the children of the Original Cohort and the spouses of the children); and “Generation 3 Cohort” (the grandchildren of the Original Cohort). Despite the different aims of the study, these cohorts are a good vehicle for examining emotional contagion among members of the community. Fowler et al. chose 4,739 participants from the 1983 to 2003 Offspring Cohort and constructed a social network-based “mood map” using four items from the Center for Epidemiological Studies depression scale (CES-D) as indicators of happiness: I felt hopeful about the future; I was happy; enjoyed life; and I felt that I was just as good as other people. The four items of the Center for Epidemiological Studies Depression Scale (CES-D) (I felt hopeful about the future; I was happy; enjoyed life; I felt that I was just as good as other people) were used as indicators of wellbeing to construct a social network-based “mood map” (Fowler and Christakis, 2008). This study provides strong evidence for emotional contagion, where happy and unhappy people tend to appear in clusters in social networks, whether they are friends, spouses, siblings, co-workers or neighbors. And there is a limit to the extent of contagion of either positive or negative emotions, a limit that manifests itself in social relationships by extending up to three degrees of separation (for example, to one's friends' friends' friends). In terms of geographic proximity, friends living within a mile's distance and experiencing a happy mood were 25 per cent more likely to transmit a happy mood to others, compared with 14 per cent among siblings living within a mile's distance, compared with 8 per cent among cohabiting spouses, 34 per cent among next-door neighbors, and no such increase in the likelihood among co-workers. It is worth noting that negative emotions such as depression are more contagious in social networks, as negative emotions tend to mobilize others more. Rosenquist et al. Constructing datasets and network linkages after screening for depression by CES-D on a sample of 12,067 from the Original Cohort, Offspring Cohort, and other cohorts in the Framingham Heart Study Similar to the contagion of happiness, the contagion of depression appears to follow three degrees of separation, with friends and neighbors being closely related to the contagion of depression and depressed people losing 6% of their friends over a period of about 4 years. Healthy people who are surrounded by depressed people are twice as likely to be depressed compared to those who are surrounded by healthy people. And women who are depressed are more likely to spread this negativity to healthy people around them than men who are depressed (Rosenquist et al., 2011). Another study also suggests that there is a contagion of depression among adolescents as well (Schwartz-Mette and Rose, 2012). The spread of depression in social networks is closely related to emotional contagion, and current hypotheses suggest that depressed individuals induce inappropriate activation of the listener's MNS by way of emotional contagion when they confide negative emotions with others (Paz et al., 2022). In addition, differences in a combination of factors, such as the social environment in which an individual lives and personality traits, can affect his or her level of emotional susceptibility.

The workplace is often full of complex emotions. In the research field of organizational behavior, emotional factors are widely considered to have a significant and key impact on organizational effectiveness. Specifically, emotions play an important role in many core dimensions of work, including but not limited to job satisfaction, performance achievements and employees' psychological and physical well-being (Boukarras et al., 2024). Emotion, as a potential dynamic mechanism within an organization, affects employees' cognitive evaluation, motivation level and behavior choice, and then has a far-reaching chain reaction to the overall operation effect of the organization. Leaders are indispensable key figures in the organization, and their happiness or sadness will affect the emotional state of subordinates (Thomas and Nam, 2013). The infection of negative emotions in organizations will significantly reduce the efficiency of work and even produce workplace accidents (Laura and Valerio, 2021). In the medical workplace, the negative emotions conveyed by patients' language will reduce the professional commitment and workplace happiness of medical staff (Liu et al., 2021); in some challenging and stressful departments, such as intensive care unit, it is more important to protect nurses' emotional contagion sensitivity to improve their mental nursing ability (Koroglu and Oksuz, 2024). In an organization, emotional contagion is regulated by many factors, such as familiarity among employees (Magnier-Watanabe et al., 2024), personal internal intelligence level (Aksu et al., 2023) or leadership style (John et al., 2016). How to increase the infection of positive emotions in organizations and block or weaken the adverse effects of negative emotions is still an important direction to be studied.



3.2.2 Virtual space

Emotional contagion through the online medium has become easier nowadays with the advancement of the Internet. Although it is difficult to observe the facial expressions and body movements of other users during communication through Online Social Networks (OSNs), emotional contagion can also be triggered among users by reading the contents of texts, photos or videos. For example, strong negative emotions when reading political messages (Sarah and Nicholas, 2019), or positive interactions with personal and emotional messages posted by politicians (Metz et al., 2019). In some Online Depression Communities (ODCs), the generation of negative emotions is extremely common, and this large-scale contagion of negative emotions is likely to cause community members to engage in risky behaviors. However, the original intention of these ODCs was to alleviate the psychological symptoms of participants in the community, but now they have the opposite result (Kwon and Cho, 2017). Tang et al. found in a Chinese ODC with 1,548 users that when negative emotions were present, such as posts containing negative emotions or even suicidal thoughts, expressions of fear and despair were more likely to appear in respondents' comments; this suggests that the presence of ODCs does not alleviate depression, but rather exacerbates depression levels. emotions and even suicidal thoughts, expressions of fear and despair were more likely to appear in the comments of respondents; this suggests that the presence of ODCs did not alleviate depression, but rather exacerbated depression levels. In addition, this study also found that positive emotions in ODC had higher levels of contagion than negative emotions (Tang et al., 2021). Compared with ODCs, participants in the diabetes community often post more positive content in their initial posts, but express less positive emotions in their replies, but there is no widespread emotional contagion in the diabetes community (Yao et al., 2022). In the online interactive community, patients with mental illness have more emotional contagion than patients with physical illness (Yao et al., 2022). In online communication, high arousal emotions such as awe, anger, and anxiety are transmitted at a higher level than low arousal emotions such as sadness (What, 2012), and depressed individuals tend to hide their thoughts in reality, while anonymous online communities act as emotional catharsis, and high arousal emotions such as fear tend to cause mass contagion.

Swearing is a high-arousal emotional category that has been little addressed in emotional contagion research. In face-to-face interpersonal interactions, the use of swear words increases informal perceptions of language and improves overall impressions of others (Nicoletta and Margherita, 2014). In anonymous public online communities, swearing is more related to emotional disinhibition and gaining the attention and approval of other users (Kwon and Cho, 2017). Kwon et al. demonstrate that overt first-level swearing (aka, parent) comments trigger second-level (aka, child) chains of interpersonal swearing by collecting offensive comments under the Trump ad series videos on YouTube (Anatoliy, 2017). Users who are attacked by offensive comments or who observe others interpersonal swearing may instead be swearing at specific or non-specific users, and such swearing can spread like an epidemic among online participants within a community context (Anatoliy, 2017).

Facebook, one of the largest OSNs in the world, houses more than 200 million users in different parts of the globe and has an extensive and persistent social network. Coviello et al. devised a method for detecting emotional contagion based on instrumental variable regression in economics and used rainfall as a source of variation affecting user sentiment in social networks (Liu et al., 2014). After analyzing the dataset for 1,180 days, it was found that rainy weather decreases positive sentiment posts by 1.19% and increases negative sentiment posts by 1.16%, and more importantly, for every increase in positive sentiment posts, the number of negative posts from friends (the user's Facebook friends) decreases by 1.80%, while for every increase in negative sentiment posts, the number of positive posts from friends decreased by 1.26 per cent (Coviello et al., 2014). This suggests that a user's personal emotional expression affects the emotional expression of his/her friends, which in turn generates both positive and negative user clusters in the social network. Further, in addition to the positive or negative emotions expressed by the content of the post, the number of likes, shares, followers and comments on the post were also used as an influencing factor, employing Amazon Mechanical Turk's list of word ratings that can be used to assess the happiness score of each word within the post to assess how much it influences the user's happiness, and accordingly to determine the most influential users in terms of happiness (Lin et al., 2023). These users are well known in the community and are constantly influencing the emotions of other users through their interactions. However, it should be noted that this kind of research mostly relies on text analysis (such as emotional vocabulary statistics), and may ignore the influence of non-verbal clues (such as emoticons or silent interaction). In addition, cultural differences between different platforms may be variables that need to be considered separately, and cross-platform reappearance research is urgently needed.

Emotional contagion in online communities should therefore be taken seriously by administrators, especially given the evidence that it is easier to get positive emotions to spread, and there should be human positive interventions in online communities such as ODCs and OSNs to prevent them from being the hardest hit by negative emotional contagion.





4 Theoretical models of emotional contagion

This section will introduce the theoretical model of emotional contagion, from sociological model to neurocognitive model. First, we will review the sociological model based on the infectious disease model, and then discuss the neurocognitive model and its role in explaining the emotional contagion mechanism (Table 1).


TABLE 1 Comparison between representative models.

[image: Table 1]


4.1 Sociological models: insights from the infectious disease model SIS/SIR

Although it is said that the world does not have the same leaf, abstractly speaking, the process of spreading emotional contagion has a lot of similarities with the process of infecting infectious diseases, that is, both of them affect the individual's physiological or psychological conditions through other people (the transmission of infectious diseases must be contacted by both, while emotional contagion does not need) and gradually tend to synchronize the state of affairs. Half a century ago, Daley et al. applied mathematical models of infectious diseases to predict the spread of rumors (Daley and Kendall, 1964). And today, some extended models of epidemiological modeling are still used to explain the phenomenon of emotional transmission in populations.

The susceptible-infected-susceptible model (SIS model) is the most classical and simplest basic model of infectious diseases (Anderson and May, 1991), in which individuals have only two states: “susceptible” (not infected with the disease) and “infected” (infected with the disease). The susceptible-infected-recovered model (SIR model) is another classic model of infectious disease, in which the individual is in one of three states: “susceptible”, “infected” and “recovered” (the state of being immune to infection after contracting the disease). Currently, most sociological models describing the process of emotional contagion have evolved from the SIS/SIR model. Further, the propagation process of emotional contagion is more inclined to the SIRS model because the same emotion is repeated in the future (Dodds and Watts, 2005).

Hill et al. added a new term to the SIS model: a, representing uninfected individuals spontaneously infected at a constant rate a (Hill et al., 2010). In other words, in some cases susceptible individuals can also spontaneously become infected, meaning that they spontaneously develop certain emotions and infect other individuals. This contagion model, called SISa, can measure the scale of spread of emotional contagion because it can be applied to people who are not in contact in a social network. In common with other large-scale studies of emotional contagion, this study, which surveyed a participant population in the Framingham Heart Study and used the CES-D as an indicator of emotion, defined individuals who scored greater than 16 as the presence of discontent and those who received a score of 12 on the positively worded questions of the CES-D as content. Individuals presenting with discontent or content were defined as infected, and individuals with a neutral mood state were defined as susceptible (Hill indicated that individuals presenting with both content and discontent were less than 1/1,000, and therefore were not included in the mood states for this study). Based on this innovative SISa model, Hill successfully measured the average lifespan of contenet “infections” (10.1 years) and discontent “infections” (5 years) in the population and found that contenet had a greater rate of spontaneous infection than discontent, which had a greater rate of recovery (Hill et al., 2010). This means that the contagion level of positive emotions is higher than that of negative emotions and that individuals maintain the positive emotional state for a longer period of time, whereas negative emotions quickly return to the level of neutral emotions. Liu et al. further improved on the SISa model by discussing the contagion process of positive and negative emotions separately, i.e., susceptible-optimistic-susceptible (SOS) and susceptible-pessimistic-susceptible (SPS), and the SOSa-SPSa model similarly retained the automatic infection rate a (Liu et al., 2014). However, the stability of the equilibrium of the SOSa-SPSa model has not been mathematically tested, and its application is limited to the contagion of investor sentiment within the field of finance, which may be affected by factors such as the complex mechanisms of the financial markets, the complex characteristics of investors' social networks, etc. (Liu et al., 2014).

Although the epidemic-derived model described above can speculate the process of emotional contagion in a population, the biggest difference between emotional contagion and epidemic transmission is that emotional contagion, without the need for contact in reality, can be transmitted in virtual social networks. The stability of the SIS/SIR-derived model in the real space has been investigated, but the stability of its model in the virtual network needs to be further verified. Therefore, some researchers have linked cyberspace with physical space to explore the contagious effects of different emotions on individuals in dual space. Hong et al. coupled virtual and real space and constructed a personalized virtual and physical cyberspace-based emotional contagion model (PVP-ECM) based on the framework of the SIR model, which combines the emotional contagion in the physical and virtual space, arguing that an individual is subjected to simultaneous emotional contagion in both spaces (Hong et al., 2022). Another contribution of this study is the integration of different personalities with the process of emotional contagion, since different personality traits may lead to the production of opposite emotions when exposed to the same information. Although the effects of different personality traits on the intensity of emotional contagion have also been analyzed in previous studies (Stephen et al., 2011; Mengxiao et al., 2017; Lhommet et al., 2011), which examined the influence of different personality factors on the level of emotional contagion in virtual social networks (Hung et al., 2023), there are also researchers who have focused on the dual emotional contagion in both physical and cyberspace (Zhang et al., 2022). However, personalized models of emotional contagion grounded in both physical and virtual space after categorizing personality are still in the minority, e.g., emotional contagion of passengers under large-scale flight delays (Shao et al., 2021), control of emotional contagion of crowds during emergencies (Hong et al., 2020).

Cellular Automata (CA) is a discrete dynamical model within a finite grid, and due to its less computational effort but the ability to simulate complex spatio-temporal dynamic evolutions, improved models of CA have been applied to the evacuation of crowds in public places (Shaobo et al., 2009; Xingli et al., 2019). Emotional contagion is also characterized by spatio-temporal evolution, and combining CA with SIS/SIR model will further fit the real-world emotional contagion process. Fu et al. combined the CA approach based on the SIR model to simulate the dynamic emotional contagion process in a population and proposed the CA-SIRS emotional contagion model (Fu et al., 2014). Compared to the macroscopic SIR static model, Fu argues that the SIRS model better expresses the process of emotional contagion (Dodds and Watts, 2005), where recovering individuals are re-contagious to others' emotions after a certain period of time rather than reaching a state of emotional immunity, and combining this with CA produces an improved discrete model. Subsequently, simulations using the CA-SIRS model in a 100 × 100 cell space demonstrated that average crowd density and crowd motion were positively correlated with the level of emotional contagion, whereas reducing the average duration of emotional infections in the crowd significantly reduced the number of individuals who ended up being infected, with an adjustment in the average duration of the infected state from 300 to 50 resulting in a 25% reduction in the number of individuals who ended up being infected.

The SIS/SIR model and some of the extended models based on it reveal the process of emotional contagion among different groups of people, regardless of the existence of social networks, and provide several different types of theoretical frameworks, covering both physical and virtual spaces, with personality traits also being included in the modeling of emotional contagion. The contribution of these theoretical models not only sheds light on the process of emotional contagion among individuals, but also serves as a means of controlling emotions in populations during critical events, including blocking negative emotions and diffusing positive ones. However, although the above models have been proved to have good predictive efficacy, there are still some shortcomings. First, there are still some difficulties in applying and generalizing the models, as some of the models are limited to a specific scenario and lack external validation with larger samples. Second, there is still no uniform conclusion on which is the most scientific evaluation tool to measure emotional contagion, which also leads to the question of the validity of the models. Finally, unlike the objective transmission of viruses, the subjective experience of emotions can be facilitated or prevented by various unexpected factors in the real world.



4.2 Neurocognitive models: emotional contagion triggered by behavioral mimicry

Above, we have reviewed the evidence for infant behavioral mimicry, but we still need to learn more about the nature of mimicry. As part of the emotional contagion jigsaw, understanding how the mechanisms of mimicry work is crucial to a deeper exploration of emotional contagion.

Previous evidence has shown that infants can imitate the voices, physical behavior and facial expressions of others. Infants imitate by hearing their own and others' voices (John, 1993), and in comparisons of deaf infants with normal infants, it was found that deaf infants babble with delayed vocalizations and different durations of babble (Oller and Eilers, 1988; Oller et al., 1985). In twin boys, vocalization between boys with severe hearing loss and boys with normal hearing results in a progressively wider gap with age, with boys with hearing loss showing significant deficits in the use of vowels and consonants (Kent et al., 1987; Eilers and Oller, 1994). The mimicry of physical behaviors and sounds is perceptually transparent, or an intramodal comparisons (Meltzoff and Moore, 1997; Heyes and Ray, 2000), where infants can see or hear the behaviors or sounds of others, and at the same time they can see or hear their own physical movements or sounds thus continuously modifying the results of their mimicry. One of the dilemmas in developmental psychology is how infants imitate the facial expressions of others; if the mechanism of vocal mimicry is followed, infants are unable to see their own facial movements and cannot complete the mimicry process. Therefore, Meltzoff et al. proposed a new theoretical model to solve this problem, namely active intermodal mapping (AIM) (Meltzoff and Moore, 1997). Meltzoff sees mimicry as a process of matching to a target, in which infants are able to correct for differences between their own behavior and that of others, and argues that the perception and production of imitative behaviors are encoded within the same framework in the brain, and that this capacity for mimicry is encoded in the human brain without the need for an acquired learning process. However, a number of scholars have questioned the extent to which AIM is applicable, most notably the issues that AIM is justified when a sensory input is uniquely related to a cause, whereas the same behavior can express different meanings (Prochazkova and Kret, 2017; Kilner et al., 2007; Hickok, 2009), and there is no evidence to support the existence of AIM in tests with non-human primates (Hickok, 2009; Meltzoff and Decety, 2003).

Due to the various shortcomings exposed by AIM, Ray et al. proposed the associative sequence learning model (ASL), which improves on the shortcomings of AIM (Ray and Heyes, 2011). At the heart of ASL is the process of associative learning, the idea that stimuli in the environment will guide an infant's interactions with the world or with others, and that in the event of accidentally seeing another person make an action, the infant will make the same action at the same time. Seeing the action and making the same action is incidental, but there must be temporal coherence between the two and a matching vertical association will be established (Ray and Heyes, 2011). In contrast to AIM, Ray argues that mimicry is not innate, but is a sensory-motor learning process based on the socio-cultural environment (referred to as “the wealth of the stimulus”), which has been demonstrated in chimpanzee populations, where captive chimpanzees are more capable of mimicry than those fed by females alone.

However, ASL does not reveal the neural underpinnings of the perception-action process, nor the liaison channels through this. From the perspective of evolution, emotional contagion may be an instinctive reaction of human beings, which helps us to respond quickly and seek help when facing danger. The related research in neuroscience reveals the neural mechanism behind emotional contagion, such as the activation of mirror neuron system, etc. These perspectives provide a deeper explanation for us to propose a theoretical model of emotional contagion.

Therefore, Prochazkova et al. proposed a neurocognitive model of emotional contagion Neurocognitive Model of Emotional Contagion (NMEC) on the basis of the AIM and ASL models (Prochazkova and Kret, 2017). At the heart of NMEC is the Perception-Action Model Perception-Action Model (PAM), which assumes that perceiving the state of another person automatically activates representations in the observer that correspond to that state, thereby activating somatic and autonomic responses (Preston and de Waal, 2002), and that emotional contagion and behavioral mimicry depend on matching the PAM. In this, the MNS and ANS systems are thought to play a role, and PAM is more widespread than the mirror mechanism (Preston and de Waal, 2017). Further, the NMEC proposes possible neural substrates and neural circuits for automatic behavioral mimicry and emotional replication, which involves the synergistic action of behavioral mimicry and autonomic mimicry, and argues that autonomic mimicry, activation of the ANS, and emotional responses all evoke the same neural substrates and pathways in the brain. Connecting the MNS to the emotional system via the anterior insula completes the process of behavioral mimicry and emotional replication in emotional contagion. Remarkably, if NMEC's conclusions hold true, the ability for emotional contagion and even empathy is expected to emerge in future robots and enable true emotional communication.




5 Conclusion

Emotional contagion is an important building block for the emergence of empathy and one of the key conditions for the evolution of empathy in lower animals, and mimicry may be a prerequisite for inducing emotional contagion. From the conclusions of studies on zebrafish, emotional contagion may be a fairly ancient ability, engraved in the genes of different species. Since the process of emotional contagion cuts across many disciplines, including neuroscience, biology, psychology, and sociology, the study of emotional contagion is first and foremost a major challenge of interdisciplinary collaboration, and the research object is cross-species in nature, the place of occurrence covers both virtual and physical space, and the process of contagion presents a number of challenges, including the temporal and spatial nature. Yet none of these obstacles have stopped researchers from continuing to pursue the truth, and with the advent of imaging evidence, such as functional MRI, we can observe the subtle processes of emotional contagion with greater scientific rigor. And findings on emotional contagion in different species can be complemented to reinterpret the process of emotional contagion from different perspectives. The exploration of emotional contagion in virtual space, on the other hand, opens up new avenues of research and adds a variety of theoretical models of emotional contagion. One of the advantages of interdisciplinary research is that research tools from different fields can also complement each other, and theoretical models, whether they are developed from epidemiology, sociology, or neurobiology, have been developed to interpret the process of emotional contagion. Through systematic narration and multidisciplinary perspective, this paper discusses in detail the manifestations and mechanisms of emotional contagion in different animals and humans. It is found that emotional contagion is a common phenomenon, which has important evolutionary significance and social function. It is important to note that there is still a small body of research on positive emotional contagion in both humans and animals, which deserves to be further explored by more researchers in the future.
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