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Herding is a form of convergent social behaviour that can
be broadly defined as the alignment of the thoughts or
behaviours of individuals in a group (herd) through local
interaction and without centralized coordination. We
suggest that herding has a broad application, from
intellectual fashion to mob violence; and that under-
standing herding is particularly pertinent in an increas-
ingly interconnected world. An integrated approach to
herding is proposed, describing two key issues: mech-
anisms of transmission of thoughts or behaviour be-
tween agents, and patterns of connections between
agents. We show how bringing together the diverse,
often disconnected, theoretical and methodological
approaches illuminates the applicability of herding to
many domains of cognition and suggest that cognitive
neuroscience offers a novel approach to its study.

Introduction
Cognitive psychology generally focuses on the individual as
the fundamental unit of analysis [1]. Nevertheless, we are
all embedded in a complex system of social structures,
which ground and organize much of our behaviour [2],
ranging from national identity to religious affiliation.
Here, we consider one of the many bridges that link agents
and the social structures in which they are embedded: a
form of convergent social behaviour termed ‘herding’.
Herding can be broadly defined as the alignment of
thoughts or behaviours of individuals in a group (herd)
through local interactions rather than centralized coordi-
nation. In other words, the apparent central coordination
of the herd is an emergent property of local interactions.
Herding is an influential and well-documented feature of
human behaviour in a number of domains, particularly
economics and finance [3-5]. Although the current economic
turmoil has revealed the depth of herding among financial
institutions and individual investors [6,7] (and by implica-
tion the agents responsible for their decisions), this concept
also has much broader relevance beyond the economic
arena. Examples of phenomena that have been described
as involving herd behaviour are diverse and varied, ranging
from stock market bubbles and financial speculation to
zealotry (e.g. the 2002 Gujarat mob violence [8]), political
choice [9] and consumer preferences [10,11]. The concept is
well known in ethology, where for example the biologist
William Hamilton illustrated how herd behaviour can
emerge from the uncoordinated behaviour of individuals
engaged in predator avoidance [12]. The process has also
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been investigated in social psychology and terms such as
Fad, Fashion, Mass Hysteria, Bandwagon Effect, Group-
think and Herd Instinct have entered common parlance.

Whereas the concepts behind herd mentality and herd
behaviour have a rich history (Table 1), the methods,
techniques and approaches currently used to elucidate them
are relatively recent. In this article we review the extensive
range of theoretical frameworks for describing herding.
Similar ideas and explanations have emerged in many
fields, albeit with different emphases, demonstrating the
interdisciplinary nature of the concept. We propose a frame-
work with which to organize these diverse approaches,
which is based on a distinction between the mechanisms
of transmission of a particular thought between individuals
and the patterns of connections between individuals. We
also distinguish between two main types of transmission:
automatic contagion and rational deliberation. We suggest
that cognitive neuroscience can reveal the mechanisms
underlying the transmission of information, which can in
turn help elucidate patterns of herd behaviour.

Models of herding
As indicated above, herding among individuals has been
studied within a number of diverse domains. As a result, a
number of different mechanisms and approaches have
emerged across these domains in order to explain herding
behaviour. It is therefore important to develop a concep-
tual framework within which the different approaches and
models can be described, one that also permits the high-
lighting of common features. We propose that understand-
ing how members of a group become aligned by ‘Tlocal’
interactions requires determining: (i) the mechanism of
transmission that propagates a particular thought or
behaviour from one agent to another and (ii) the pattern
of interactions between agents. Conceptualizing herding as
representing these two separate, though interconnected,
perspectives addresses these requirements. Experimental
approaches and modelling typically focus nearly exclu-
sively on one issue or the other and this division between
mechanisms of transmission vs. pattern of interactions
between agents can be considered as a local vs. global
division. This framework brings two primary questions
into focus: (i) How do various types of information trans-
mission, conscious vs. automatic, rational vs. emotional,
affect the emergent architecture? (ii) What are the
emergent effects of the pattern of connections?

Cognitive psychology and neuroscience generally focus
on the individual, or on parts of the herd (Figure 1a), yet
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Table 1. A brief sampling of herding history
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When Discipline Description Mechanism
Adam Smith 1759  Economics “As people imagine themselves in another’s Motor mimicry
situation,”” they display ““motor mimicry’’ [87]
Gustave Le Bon 1895 Psychology the ““ancestral savagery...[of] the collective The idea of collective hypnosis, a form of irrational
mind’’ and the “loss of self’’ [88] and unconscious social contagion
Thorstein Veblen 1899  Economics/ Make comparisons with similar people who are An instinct for emulation
Sociology slightly better [89]
Gabriel Tarde 1903  Psychology Collective hypnosis called ““social somnambulism”. The ““group mind” as an explanatory principle of
People get involved in crowd actions “in mental crowd psychology and herd behaviour
unity”’ [90]
Georg Simmel 1910  Sociology First researcher to consider social networks. “Impulse to sociability’”” and ramification in
loosely-knit networks [91]
Sigmund Freud 1922 Psychiatry/  “’A group is an obedient herd, which could never Also refers to “herd instinct”. “The individual loses
Medicine live without a master”” his power of criticism, and lets himself slip into the
Affect... The cruder and simpler emotional
impulses are the more apt to spread through
a group in this way”’ [92]
Floyd Henry 1924  Psychology Sought to explain collective behaviour in terms Property of belief, not irrational suggestibility.
Allport of individual psychology [93] Hence, the individual in the crowd behaves because
he believes that others share his feelings and
convictions
John Maynard 1935 Economics Contagious “animal spirits” moving the market [94] Individuals do not process new information
Keynes efficiently as they don’t know which information is
relevant. Conventional behaviour easily turns into
herd behaviour
Muzafer Sherif 1936  Psychology Used autokinetic effect, an optical illusion to Social norms serve as a shared frame of reference,
illustrate that individuals use others’ judgments to  with a rational attempt to make sense of social reality
converge with the social norms of the group [39]
Solomon Asch 1951 Psychology Convergence in the famous line experiments Rational attempts of individuals to make sense of
revealing pressure to conform to an erroneous social reality to share group perceptions
view [40]
Lionel Penrose 1951 Genetics Compared the unfolding of behaviour in mass Highlighted that both physical and psychological
hysteria to the epidemiology of a disease [95] epidemics depend on virulence, transmission and
receptivity
Everett Roger 1962  Sociology = Two research streams, one related to diffusion of Defined diffusion as “‘the process by which an
innovations and the other related to social network innovation is communicated through certain
analysis, became particularly influential in channels over time among the members of a
economics [96] social system”
Serge Moscovici 1969  Social Separated social influence from power relations. Social conflict leads to uncertainty and a willingness
psychology Social influence theory assumes that cognitive to agree with conflicting viewpoints
uncertainty about social reality causes conformity
in given situations [97]
Mark Granovetter 1973  Sociology The Strength of Weak Ties interpersonal ties are Social networks in diffusion processes, stressed the
defined as information-carrying connections importance of weak ties which permit diffusion
between people [98]
Sushil 1992 Economics By modelling showed that people could follow Assumed incomplete information and rationality.
Bikhchandani, others even if private information and motivations The number of others performing the action taken
David Hirshleifer, suggested doing otherwise [38] as evidence that the others possessed better
and Ivo Welch information, yielding conformity and “informa-
tional
cascades’’ based on imperfect information
James Fowler 2009  Political Recent example of Social network methodology Social networks (see Figure | in Box 1)
and Nicholas Science [27]

A. Christakis

The study of herding has an extensive history and has come to be studied from a variety of perspectives and at distinct levels of analysis; the macro and micro, or more
specifically, pattern-based and transmission-based levels, as captured by our classification (Figure 2). Although Tarde was the first to advocate the idea of the ‘group mind’
[90], as an explanatory principle of crowd psychology and herd behaviour, the actual phrase ‘herd behaviour’ was first introduced into English by the medic Trotter in 1908.
Trotter developed a theory of the ‘herd instinct’ [99] an innate psychological dependency of humans on their social group. Although there is a broad consensus on the concept
of herd behaviour, the history of the concept in the various fields indicates major theoretical differences with respect to both underlying assumptions and mechanisms. Herd
mentality and behaviour have been a ubiquitous part of the portrayal of human behaviour since individuals began to construct tribes and migrate collectively. However, itis in
the analysis of stock markets (particularly booms and busts) that herding has received most of the recent attention in the social sciences, with a focus on the ‘irrational
exuberance’ [6] of investors.
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TRENDS in Cognitive Sciences

Figure 1. The two complementary perspectives of herding can be considered as a global/local distinction, with a focus on the pattern connecting individuals (Figure 1a),

contrasted to that of the transmission of information that comprises it (Figure 1b).

herding also arises from the organizing relations of those
parts, that is, by how the individuals are configured
(Figure 1b). The pattern-based approach, adopted widely
in fields such as Traffic Jam and Crowd analysis, financial
markets, and social network analysis, emphasizes the
static structure of the system and its relationships. It
shows the dependencies among these components and
takes the relationships between individuals as the primary
unit for herding research and for the development of
theory. However, a full understanding of herding beha-
viour requires the ability to ‘shift’ between the two levels
represented in our framework. This distinction aids in the
identification of contextual effects, that is, herding beha-
viour that is not apparent at the individual level. More-
over, the proposed framework indicates at which level
different research questions could be appropriately
addressed. For instance, there are some enquiries, such
as whether herding is linear (that is, whether we can use
conventional ‘reductionist’ approaches that look at the
parts and employ superposition to investigate how they
work together), which can only be addressed at the pattern
level. In contrast, focusing on the affective and cognitive
mental states of individuals, specifying the common and
differential neural mechanisms of ‘self and ‘other’, or
interpersonal face-to-face interactions [13] may reveal
quite different aspects of herding from the insights arising
out of the pattern-based level. These two levels are not
mutually exclusive; both levels can cross-fertilize each
other. Moreover we consider that increasing knowledge
of the brain areas involved in social cognition (the capacity
to understand people’s behavioural intentions, social
beliefs, and personality traits) [14] can inform pattern-
based herding analyses and constrain the vast space of
relations that can potentially exist between actors.

Pattern-based theories/models of herding behaviour:
structure sets the herd?

Pattern-based explanations treat individuals as units
with certain simple, well-defined properties and modes

422

of interaction (Figure 2, left branch). The terminology used
in this class of models, such as ‘critical mass’, ‘self-orga-
nized criticality’ and ‘epidemics’, is inspired by models in
either particle physics or epidemiology and shares a
similar structure. Such models often come under the rubric
of econophysics models of herding and are prevalent in
finance [15].

Pattern-based approaches view herding (and social
phenomena in general) in terms of the patterns of inter-
action among the agents, modelled as simple imitators, or
as following basic heuristics. In other words, people are
treated as units or atoms with certain simple, well-defined
properties and modes of interaction that yield herding: the
focus is patterns, not people [16]. The models generally rely
on physical laws, distances and velocities rather than the
emotional states of the herd. These approaches to multi-
agent phenomena are applied to many areas, naturally
lending themselves to the explanation of phenomena, such
as queuing, crowd and traffic interactions [17]. Cellular
Automata models [18,19] and Ising models [20] are the
most extreme examples of this abstract approach. Closely
related are models of ‘flocking’ in animal behaviour (for
excellent reviews see [21,22]), widely exhibited in biology
by living creatures ranging from bacteria to birds. These
models have been used to simulate human crowd beha-
viour [17,23], social behaviour such as language emergence
and evolution [24], as well as in attempts to elucidate the
general concept of emergent phenomena [25].

The most intuitively understandable pattern-based
perspective is social network analysis — this perspective
employs the simplest of structures in which each node
(a person) is attached via some tie to others. This approach
has had an important influence in modern sociology
(Box 1). Such studies have shown that happiness and
obesity tend to spread through social networks in a manner
analogous to a contagious disease [26,27] (Figure I in Box 1).
Thinking in social network terms has progressed from being
an evocative allegory [28-30] and has been extended to
agent-based modelling approaches [31]. Social network
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Figure 2. The underlying aim of this paper is to understand the mechanism of effective control in a distributed group without centralized coordination. In functional terms,
how is the herding structure sustained without a direct control mechanism? The findings summarized in this paper indicate that this question can be addressed at two
levels: transmission and pattern. Given suitable signals and rules, individuals can spontaneously self-organize themselves into herds. However, such a description would be
incomplete if we did not understand how that was instantiated at the individual level, that is how are such signals encoded, stored and retrieved: in short the cognitive
mechanisms of herding. The framework proposed in this paper demarcates in the first branch the approaches based on more pattern-based drivers (more mathematical
and taking little account of the inner states of the individual agents). In the second branch, are the transmission mechanisms, the more ‘mentality-based approaches, where
emotion (at one end of the ‘scale’) and rationality come to the fore (however, this is not to say that there are no interactions or feedback mechanisms between the two).

analysis focuses on how the structure of other relationships
affects individuals [32] rather than treating individuals as
the fundamental unit, and allows epidemiological methods
to be employed.

Transmission mechanisms in herding: how do we
broadcast?

In contrast to the focus on patterns of interaction, the
complementary transmission perspective seeks to unify
and identify mechanisms of transfer of information in
herding (as illustrated in the split within the right branch
of Figure 2) by concentrating on the role of cognitive and
affective components, particularly the effortless human
capacity known as ‘mentalizing’ (the ability to explain
and predict the behaviour of others by attributing to them
independent mental states) [33]. A number of important
theoretical distinctions can be used to classify different
transmission mechanisms in human herding, including
rational vs. emotional, automatic vs. controlled and con-
scious vs. unconscious. However, herding is a social
tendency; an essential component of this behaviour is that
it can incorporate beliefs about the herd. Individuals often
converge by modelling behaviours and beliefs of the larger
group within which they are embedded. Indeed most
economic models are based on the assumption that single
agents are able to view another agent’s perspective [34].

People often explicitly attempt to infer others’ beliefs,
attitudes or preferences; and draw on these to help deter-
mine their own perspective [35]. As such, our sub-division
reflects this key mentalizing facet. In Figure 2, the left sub-
branch under transmission-based approaches includes
approaches that do not postulate mentalizing as a critical
aspect of transmission. These approaches range from
emotional contagion through to social contagion and prim-
ing. The right ‘mentalizing’ sub-branch encompasses social
conformity and influence, culminating with rational pro-
cesses through which the agent consciously and deliber-
ately considers the information in the signals of others.
Although the importance of the presence of others has been
a mainstay of social psychology, since Le Bon’s [36] claim
that collective influence can almost mesmerize the indi-
vidual, when herding is viewed from a rational stance it is
generally considered in two flavours: informational and
reputational (that is, peer pressure) [37]. Economists, in
particular, have observed how groups of individually
rational agents, each drawing on information about the
choices of others can fall into collectively irrational ‘infor-
mational cascades’, which do not properly reflect the
group’s preferences. This assumes a utility-maximizing
behaviour on the part of each agent [38] (Box 2).

There are, of course, other explicit drivers that may
induce the alignment of the thoughts or behaviours of
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Box 1. Social Network Analysis and convergence

Trends in Cognitive Sciences Vol.13 No.10

Perhaps one of the most exciting developments for understanding the
elusive temporal-spatial characterization of herding behaviour, em-
blematic of the division that we have proposed in Figure 2, is Social
Network Analysis (SNA). A social network is a social structure made
of nodes (people) that are connected by one or more specific types of
interdependency. SNA maps and measures the relationships and flow
between these units, both visual and mathematical. The resulting
graph-based structures are often very complex (Figure 1) with the
shape of a social network and its number of connections being crucial
for the diffusion of information and herding [100]. A number of
important social and economic phenomena have been studied
as arising out of network effects where imperfect information is a
key feature of human decision-making environments (information
cascade Box 2).

A0 L Wl

a3

r 4
4 P 2
< = B
G g ™
3
5 2 e

Most social networks display substantial non-trivial topological
attributes with complicated patterns of connection between their
features of interest. From a herding perspective there are number of
important metrics that range from cohesion to clustering coefficients.
SNA provides a quantitative framework that can be used to
characterize the herding structure both at the level of the individual
and the population, aiding with the understanding of processes such
as information transfer. Understanding the pattern of interactions in
the network (i.e. who is connected to whom) can clarify the role of
behavioural strategies.

In spite of their seemingly random nature, the topology of some
graphs possess a number of universal scale-free characteristics [101]
— it would be interesting to determine how this is related to the
network characteristics of herding [102].

2000
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Figure I. An example of Social Network Analysis indicating alignment of state without centralized coordination are the Happiness clusters identified in the Framingham
Heart [27] study. The researchers were able to recreate the social networks of 4739 Framingham participants whose happiness was measured using a standard

assessment test.

The Graphs show the largest component (a group of individuals where each individual is connected by at least one path to every other individual) of friends, spouses
and siblings in years 1996 and 2000. Each node denotes one person (circles denote female, squares denote male).

Inspection of the social network reveals that happy people tend to be connected to one another. The clusters of happy and unhappy people seen in the network are
significantly larger than expected by chance. Happiness is dependent on the happiness of others to whom individuals are connected directly and indirectly, and requires
close proximity to spread. For instance, when a happy individual lives within a mile of a friend, this increases the probability of that friend becoming happy by 25%.
Additionally, close physical proximity is crucial for happiness to spread. A person is 42% more likely to be happy if a friend who lives less than half a mile away becomes

happy. The effect is only 22% for friends who live less than two miles away.

Over time, the results suggest that clusters of happiness originate from the spread of happiness and not just a tendency for people to associate with similar individuals.
Although the findings are not uncontroversial (confusing correlation with causation [103]) they hint at the efficacy of the pattern-based approach.

individuals in a group (herd), through local interaction and
without centralized coordination. Social psychological
accounts, such as those of Sherif [39], Asch [40] or Latané
[41], indicate mechanisms that are consistent with herding
and contagion under a variety of conditions. Social influ-
ence, real or imagined, of others can have a measurable
impact, ranging from obedience and compliance through to
conformity (for a useful review [42]), but generally the
latter imply some awareness of the act of alignment. This
boundary between self and other is where social neuro-
science can perhaps make a valuable contribution to the
investigation of how the individual’s perception [43] and
the borders of self are affected by the group (Box 3). Social
psychologists in particular have studied this as the process
of de-individuation, and have addressed how the loss of a
person’s sense of individuality can reduce normal con-
straints against deviant behaviour. De-individuation is
generally conceived of as a collective phenomenon, where
anonymity and reduced feelings of individual responsibil-
ity provide a mechanism for situational forces to collec-
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tively drive behaviour [44] immersing the individual into
the group or herd.

Although herding and its consequences may arise from
active choice, responses often occur without awareness,
hence the key role of mentality in herding. Presumably,
these and other Theory of mind factors can be manipulated
in the laboratory.

The most researched example of the non-mentalizing
approach in describing transmission in human herding is
that of emotional contagion. Emotional contagion involves
an involuntary spread of feeling without any conscious
awareness of where the feeling initially originated [45]
and without necessarily requiring interpersonal empathy.
For example, a child’s emotion, be it excitement or a tan-
trum, can rapidly influence the emotion of others, generat-
ing a group of rowdy and energetic children. Adults too can
experience such contagion, as when one can automatically
pick up the excitement in a crowd or audience. However,
unlike empathy, emotional contagion does not require un-
derstanding another’s emotion and is largely involuntary, a
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Box 2. Rational herding — information cascades
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“Well heck! If all you smart cookies agree, who am | to dissent?”
The New Yorker Magazine (c) 1972

TRENDS in Cognitive Sciences

A growing body of literature has highlighted the importance of
information cascades in economics and the social sciences [104,105].
Information cascades nicely illustrate the rational approach that
economists have applied to herding, in contrast to that of social
psychologists. The mechanism is simple and, whereas there are more
sophisticated models (e.g. based on networks [106]; Box 1), the
intuitions revealed by the canonical model are useful [38], permitting
the examination of the role of public information in correctly
estimating the true state of the world. A cascade is a process by
which people influence one another, such that participants ignore
their private knowledge and follow instead the publicly stated
judgments of others.

In the modern interconnected environment, with its abundant
communications systems, information cascades are predicted to
occur regardless of the plenitude of information available and despite
the common interest of the agents.

Early models were known by different terms: bandwagons, herding
and path-dependent choices. Under the term information cascade, it

less conscious and more ‘infectious’ effect, relying princi-
pally on non-verbal communication (although the ‘online
world’ of emails and instant messaging can also be suscept-
ible to emotional contagion, where emotion can be trans-
mitted without non-verbal cues [46]). It is not yet clear how
this domain is related to other contagious behaviours in
humans such as laughter [47] and yawning [48] or to what
extent these contagious behaviours arise through cultural or
innate processes [49].

Given the importance of implicit processes in social
cognition and the possibility that emotions play an adap-
tive role in the social environment [50], it follows that fast,
automatic and perhaps unconscious routines [35] provide a
signalling channel to transmit messages to all members of
the group. The analogy with animal herding of this ripple
effect [51], where moods can ripple out, influencing group
members’ emotions, their group dynamics and individual
cognitions, provides an evolutionary perspective into these
behaviours and suggests that they are crucial for the
maintenance of societal norms. Thus, the notion of
emotional contagion can be extended to the broader con-
cept of social contagion: the tendency to automatically
mimic and synchronize expressions, vocalizations, pos-
tures and movements with those of another person leading
to behavioural convergence [52].

is assumed that agents choose in sequence and are influenced by

rational consideration of the observed choices of earlier agents.

The crucial point is that those involved in a cascade do not reveal
what they know. As a consequence, the group does not obtain
important information. The basic mechanism is the following:

1. Consider a deliberating jury that is deciding whether a defendant

should be subject to a guilty verdict.

Let us also assume that the jurors are announcing their views in

sequence, in a temporal queue, and that each juror knows his or

her place in that queue. Each juror, from their own recollection of
the evidence and the jury instructions, has some private informa-
tion (often called a private signal) about what should be done.

Additionally, each juror also pays attention, reasonably well, to the

judgments of others (often called a public signal).

3. The first juror makes a decision between the two mutually
exclusive outcomes, although imperfectly informed (that is the
agent is unsure of the ‘true’ status of the defendant). However, the
first juror’s pronouncement is public and observed by all.

4. For the second juror a mentalizing process occurs whereby this
person observes the first juror's choice (and infers their private
information ‘signal’ or opinion) and rationally combines this with
their own opinion (in a Bayesian manner).

5. An ‘information cascade’ occurs when the first few jurors coincide in
such a way that it is optimal for each of the subsequent individuals to
ignore his or her opinion or belief about the guilt of the defendant
and follow the established pattern. If a small number of agents
accidentally make the same decisions, then it is easily shown by
Bayes’ rule that an agent who observes such public information
should ignore their private information and follow their predeces-
sors’ decisions. The cascade rapidly reaches a ‘tipping point’ at
which they rationally disregard their private information.

[N

It is a ‘good cascade’ if the prediction made by the jurors
corresponds to a true state of the world, i.e. the defendant is ‘truly
guilty” and conversely ‘bad’ if it does not. If this occurs, there exists a
social problem: jurors who are in the cascade do not disclose the
information that they privately hold.

This behaviour is sufficiently general to have occurred in a number
of domains from military courts [107] to the blogosphere [108].

A strong form of contagion is termed hysterical conta-
gion (also termed mass hysteria, collective hysteria or even
mass psychogenic illness). A common manifestation of
mass hysteria occurs when a group of people (falsely)
believe that they are suffering from a similar disease or
ailment [53-56]. Such manifestations have been reported
as far back as 1374 (with dancing mania reaching such an
extreme that it caused deaths) [57]. Other manifestations
of the dark side of social contagion are displayed in mobs,
riots and hooliganism [58]. These latter phenomena high-
light the importance of a framework in organizing different
approaches, as they indicate examples of behaviour which
most likely draw upon both mentalizing and non-mentaliz-
ing drivers.

There is, of course, another example of an implicit effect,
well researched by psychologists, which has applications
for herding, namely priming: another example of a non-
mentalizing phenomenon. People can be primed into cer-
tain forms of similar behaviour, with primes ranging from
smells [59], everyday objects [60], the surroundings [61], to
the performance of activities such as marching or dancing
in unison which increase loyalty to the group [62,63]. More
worryingly, on a larger scale, the news media [64,65]
implicitly influence the public, creating mass movements
of the herd that are invisible to the individual.
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Box 3. Questions for future research

e When is herding adaptive in evolutionary terms? Might there
really be a genetically based ‘herd instinct’? How would this be
implemented in cortical structures?

What is the balance between herding and deliberate choice in

determining our everyday thoughts and actions? Does this require

inhibitory processes? Can we interfere with these processes with

‘tools’ such as Transcranial Magnetic Stimulation (TMS) in ways

that are consistent with mentality and non- mentality based

drivers of herding?

e Can the principal flavours of herding, emotional herding and

rational herding (or apparent rationality) be distinguished by

neuroimaging or by using experimental psychology paradigms
such as cognitive load (which should increase contagion but
reduce the effects of public information)?

In a related theme, does the presence of social disorders like

Autism Spectrum Disorders (ASD) affect herding behaviour? How

is the ‘herd’ perceived and processed neurally if there are

difficulties in ‘other’ representations?

e Can different herding mechanisms (e.g. those involving contagion
vs. mentalizing) be distinguished by experiment or by observing
functional brain activity?

e What kinds of environments induce herding behaviour (e.g. the
internet)?

What can social neuroscience say?

A point of interaction between these two levels concerns
the biological mechanisms that underlie herding. Social
neuroscience is ideally positioned to connect these levels.
Social structures may be emergent organizations beyond
the individual, yet these emergent organizations require
biological systems in the individual to create them [66,67].
Furthermore, there is a large body of work on imitation
[68]. Mirror neurons (nerve cells that fire when we carry
out an action, or watch someone else carry out a similar
action) may also play a role in this interaction between the
individual and the herd. Neural evidence seems to support
this idea as a promising line of research. There are, as yet,
few studies investigating the neurobiological correlates of
herding mentality, conformity [43,69] and emotional con-
tagion [70,71]. However, the evidence so far is promising;
for example, it demarcates how emotion circuitry diverges
in the adolescent male and female brain under peer
approval [72] and rejection [73].

There are many areas in which the cognitive neuro-
science ‘toolbox’ can be applied to research in herding. For
example, neuroimaging could provide evidence for
reinforcement models of information cascades [74]. There
may also be analogies of quorum sensing (from ethology) in
human herding. The communication of chemosensory sig-
nals between conspecifics has been well documented in
many vertebrates and invertebrates, and as such provides
a transmission mechanism for the non-mentalizing
approaches to herding. Indeed, in a recent study, pre-exam
sweat had a specific effect on brain activity, correlating
with areas involved in empathy and those that process
social and emotional signals [75].

Combining the methods of neuroscience and the diverse
approaches presented in Figure 2 can generate powerful
tools for studying the brain processes behind human herd-
ing. Novel neuroimaging techniques (scanning many indi-
viduals at a time) could be used to capture brain-based
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correlates of herding [76], whereas the emerging field of
neuroeconomics [77,78] offers the possibility of character-
izing and building biological models of herding (such as the
recent imaging study based on a model from economics —
the ‘beauty contest’ game — which permits the investigation
of how a player’s mental processing incorporates the think-
ing process of others in strategic reasoning [79]).

Concluding remarks and future directions

The concept of herding has been evoked in many different
contexts, ranging from mass hysteria in neurology [56] to
the diffusion of innovations in economics and to the propa-
gation of ideas [80]. These appeals to collective behaviour
all imply that certain forms of behaviour go beyond the
individual, but different disciplines yield somewhat dis-
similar accounts of the mechanisms of herding. To discern
structure within this array of approaches requires a broad
integrative viewpoint. The framework presented here,
similar to other integrative approaches in cognitive psy-
chology [81], has heuristic as well as integrative potential.
It presents scaffolding for organizing the questions that
can be addressed about herding and the common and
diverse mechanisms that underlie it across domains.
The proposed classification invites specific interdisciplin-
ary questions to be addressed (see also Box 3). For instance,
a pertinent case would be the boundary specification pro-
blem of a herd. Dunbar has suggested that the typical size
of a social network is restricted to around 150 people due to
possible limits in the capacity of the human communi-
cation channel [82]. How do pattern models integrate this
with the limits of cognitive capacity?

In the group environment we are exposed to ever shift-
ing emotional messages and are influenced by the social
situation and other agents. The convergence upon a single
mood or emotion can elicit herd behaviour in which the
agents are connected and process stimuli in a similar
manner. How stable this contagion is, its neural mechan-
isms and the role of rational ‘top-down’ factors remain
unclear.

Diffusion theory explores social networks and their role
in influencing the spread of new ideas and practices. How
do authority figures or ‘hubs’ transmit their information in
the more spatial-based transmission models, and can
knowledge of cognitive biases or biological limitations in
processing influence or provide more accurate parameters
for these descriptions?

Allying the methods of cognitive neuroscience with the
pattern-based and transmission-based perspectives on
herding creates both interesting hypotheses and predic-
tions concerning areas of activation associated with self-
and other-processing and how the individual transmits
(and encodes) information from/to the herd. Interesting
herding patterns can be expected to arise within biological
constraints that neuroimaging can elucidate, which in turn
could provide insight into factors ranging from the ration-
ality of herds [83] to the role of mentalizing and proximity
[84].

One wonders, in this internet age with the increasing
ease of sharing information and ideas [85], and with ever
proliferating points of contact between people, whether we
will be more susceptible to herding. However, with modern
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experimental data tracking techniques permitting the
analysis of individuals in a top-down manner [86] and
neuroscientific methods such as imaging in a bottom-up
manner [71], more than ever the fields of social cognition
and social neuroscience can play an important role in
exploring the ubiquitous yet sometimes disquieting, inter-
action between the individual and the herd.
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