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In this review, we explore the extent to which the recent evidence for conformity in nonhuman animals
may alternatively be explained by the animals' preference for social information regardless of the
number of individuals demonstrating the respective behaviour. Conformity as a research topic originated
in human psychology and has been described as the phenomenon in which individuals change their
behaviour to match the behaviour displayed by the majority of group members. Recent studies have
aimed to investigate the same process in nonhuman animals; however, most of the adopted designs have
not been able to control for social influences independent of any majority influence and some studies
have not even incorporated a majority in their designs. This begs the question to what extent the
‘conformity interpretation’ is preliminary and should be revisited in light of animals' general suscepti-
bility to social influences. Similarly, demarcating social from majority influences sheds new light on the
original findings in human psychology and motivates reinterpretation of the reported behavioural pat-
terns in terms of social instead of majority influences. Conformity can have profound ramifications for
individual fitness and group dynamics; identifying the exact source responsible for animals' behavioural
adjustments is essential for understanding animals' learning biases and interpreting cross-species data in
terms of evolutionary processes.
© 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Dating back to 1932, when Arthur Jenness observed that in-
dividuals' estimates of the number of beans in a jar were consid-
erably influenced by the estimate of themajority of groupmembers
(Jenness, 1932), conformity has received extensive attention in
human psychology. Defined by altering opinions or behaviour in
order to match the majority, subsequent research robustly showed
that a surprising number of the adult participants are conformists,
even when the majority stance is conspicuously erroneous (Asch,
1956; Bond & Smith, 1996; Sherif, 1936). In later years, it was
shown that opting for the majority stance does not represent a
biological conundrum, but may instead bestow substantial fitness
benefits (Henrich & Boyd, 1998; King & Cowlishaw, 2007;
Richerson & Boyd, 2005; Wolf, Kurvers, Ward, Krause, & Krause,
2013).

The tendency to adopt the behaviour of the majority of group
members is considered to be one of the driving forces behind
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cultural diversification (Boyd & Richerson, 1985; Henrich & Boyd,
1998). By converging on the most prevalent conventions, groups
move towards behavioural homogeneity while at the same time
increasing the likelihood of emergent between-group heteroge-
neity: the hallmark of culture (Richerson & Boyd, 2005). In recent
years, majority influence has become a favourable research topic
for behavioural biologists. One line of research has focused on our
closest living relatives, the nonhuman primates (chimpanzees, Pan
troglodytes: Bonnie, Horner, Whiten, & de Waal, 2007; Haun,
Rekers, & Tomasello, 2012; Hopper, Schapiro, Lambeth, &
Brosnan, 2011; Whiten, Horner, & de Waal, 2005; capuchin mon-
keys, Cebus apella: Dindo, Thierry, & Whiten, 2008; Dindo, Whiten,
& de Waal, 2009; Perry, 2009), which could enable intriguing
analysis of the evolutionary roots of this human phenomenon
(MacLean et al., 2012). Another line of research has aimed to
investigate the possibility of convergent evolution of conformity by
focusing on phylogeneticallymore distant species, such as fish (Day,
MacDonald, Brown, Laland, & Reader, 2001; Kendal, Coolen, &
Laland, 2004; Pike & Laland, 2010), rats (Galef & Whiskin, 2008;
Jolles, de Visser, & van den Bos, 2011; Konopasky & Telegdy,
1977) and fruit flies (Battesti, Moreno, Joly, & Mery, 2012).
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However, as we aim to show in this review, most studies in both
lines of investigation seemed to have overlooked the distinction
between social and majority influences.

Specifically, in this review, we evaluate relevant conformity
studies across animal taxa (including humans) to show that most
designs have been insufficiently accurate to pinpoint whether
subjects' behavioural adjustment was caused by social or majority
influences. Important to note here is the logical distinction between
social and majority influences: although majority influence is
inevitably social influence, behavioural adjustment caused by social
influences need not be caused by majority influence. For instance,
individuals could discard their personal preference by copying
alternative behaviour from just one other individual, as opposed to
the majority of individuals. This distinctionwould need to be taken
seriously if conformity, defined by not just social but majority in-
fluence, is to be studied validly. For this reason, first, we review
recent conformity findings across nonhuman animals (henceforth
‘animals’) in light of the distinction between social and majority
influences. Second, we revisit the essential details of the human
psychology studies that gave rise to the conformity definition and
explore whether their findings could be explained in terms other
than majority influence. Lastly, we conclude with suggestions to
translate the definitional distinction between social and majority
influences into empirical study designs. To be able to interpret the
intriguing social phenomenon of ‘conformity’ in evolutionary
terms, or identify the exact learning mechanisms present in spe-
cies' behavioural repertoires, we need to calibrate the conformity
designs across research disciplines.

To avoid confusion, it is important to explicitly distinguish be-
tween the conformity definitions that emerged from the study of
human psychology and cultural evolution (see Morgan & Laland,
2012). The human psychology definition emphasizes the fact that
individuals have to forgo their behavioural inclination, thereby
adopting the behaviour of the majority (e.g. Asch, 1956; Jenness,
1932; Sherif, 1936). Thus, in this case, individuals possess a
certain behaviour or conviction before being exposed to the con-
flicting stance of the majority. The cultural evolutionary approach,
by contrast, investigates cost/benefit scenarios inwhich it would be
beneficial (in terms of fitness consequences) for individuals to learn
socially instead of individually, and has shown that in many cases
where individuals are predicted to learn socially, they would favour
not just any social information, but the information specifically
transmitted by the majority of interactants (Boyd & Richerson,
1985; Henrich & Boyd, 1998; also see Aoki & Feldman, 2013). In
other words, the cultural evolutionary approach analyses in-
dividuals on the verge of obtaining their first behavioural strategy,
not individuals discarding their familiar behaviour. Thus, where the
psychological approach to conformity focuses on the determinants
of knowledgeable individuals' tendency to adjust their behaviour to
the majority, the cultural evolutionary approach typically models
the likelihood of naïve individuals obtaining the most common
cultural variant. This subtle distinction could have important
ramifications for understanding behavioural patterns indicative of
conformity: where individuals in possession of a functional and/or
preferred behavioural strategy might be more inclined to persevere
in using their strategy than adopting random social information,
individuals that are already predicted to learn socially could end up
with themajority behaviour through exactly this process of random
copying (e.g. see Mesoudi, 2009). We elaborate on this distinction
in the section on human conformity findings. Furthermore, while
the human psychology approach has traditionally been more con-
cerned with immediately influential variables such as group size
and task ambiguity (e.g. see Bond, 2005), the cultural evolutionary
approach has mainly been concerned with the broader ramifica-
tions of behavioural decisions for the evolution of culture,
expressed as relative within-group homogeneity and between-
group heterogeneity (e.g. see Richerson & Boyd, 2005). For the
reason that we are interested in the extent to which conformity can
be identified through specific experimental features (i.e. the
manipulation of group size) and dissected in social and majority
influences, in this review we focus entirely on the human psy-
chology operationalization of conformity.

DO PRIMATES SHOW CONFORMITY?

Most studies on conformity in animals have been conducted in
nonhuman primates (henceforth ‘primates’). On the one hand, the
label ‘conformity’ has been used to describe the process by which
primates obtain the strategy that gradually becomes the majority
strategy. Starting with one skilled individual (natural invention or
trained skill), the rest of the group acquires the same particular way
of behaving by means of social learning (Hopper et al., 2011; Perry,
2009;Whiten et al., 2005). On the other hand, the label ‘conformity’
has been used to describe the process by which primates would
revert back to the majority strategy after discovering an alternative
strategy (chimpanzees: Bonnie et al., 2007; Hopper et al., 2011;
Whiten et al., 2005; capuchin monkeys: Dindo et al., 2008, 2009).
Here, after socially acquiring a particular way of behaving, some
individuals would occasionally explore an alternative strategy, but
then change back to preferring the majority strategy.

The interpretation of this latter behavioural pattern in terms of
conformity has been criticized based on the fact that the same
behavioural pattern could be explained by conservatism (i.e. the
reluctance to switch techniques once one technique has been
proficiently mastered; Hrubesch, Preuschoft, & van Schaik, 2009;
van Leeuwen, Cronin, Schütte, Call, & Haun, 2013; van Leeuwen &
Haun, 2013; Pesendorfer et al., 2009). In that case, the reconver-
gence to the majority behaviour might not even be socially medi-
ated (see van Leeuwen& Haun, 2013). More relevant to the current
focus, however, are the following issues.

First, in the case where conformity was claimed based on
gradual behavioural convergence (e.g. Hopper et al., 2011, p. 6), for
at least half of the group members there could not have been a
majority present to conform to. In other words, for the first half of
the group members, this gradual diffusion of information over in-
dividuals cannot possibly be attributed to conformity as it is typi-
cally defined. The second half of naïve learners could technically
have been influenced by the majority (if all individuals of the first
half adopted the behaviour demonstrated by the initiator); how-
ever, the social-learning process that was sufficient for the first half
of the group to learn the target behaviour cannot be filtered out as
an explanatory variable. More importantly, in this stage, none of the
subjects have adjusted their behaviour to the majority; they have
‘merely’ acquired the behaviour that gradually becomes the ma-
jority strategy. This means that in this diffusion process, the two
main features of the conformity phenomenon are compromised:
copying the majority and forgoing individually acquired behaviour.
In this light, the pattern in which subjects revert back to the ma-
jority strategy after discovering an alternative may have more
grounds to claim conformity (i.e. in this case it could be argued that
an established behaviour needs to be discarded). However, in these
reversion studies, where subjects reconverged on the majority
strategy after exploring an alternative strategy, it remained unex-
plored whether the reverting individuals had had the chance to
actually observe the majority and questionable to what extent
reverting back to the first-learned strategy entails forgoing indi-
vidually acquired behaviour (see van Leeuwen & Haun, 2013).
Moreover, a recent study found that chimpanzees who perceived a
majority of group members engaging in a different (yet equally
effortful and rewarding) strategy from themselves did not adjust
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their behaviour to the majority (van Leeuwen et al., 2013). Contrary
to the earlier mentioned conformity studies in chimpanzees (e.g.
Hopper et al., 2011; Whiten et al., 2005), van Leeuwen et al. (2013)
did not equate the majority strategy with the first-learned strategy
of the minority chimpanzees, which enabled them to conclude that
chimpanzees prefer their familiar strategy over conforming to the
majority. Another recent study, however, seems to demonstrate
nicely that primates can both be adopting the majority strategy and
forgoing their previously established behavioural preference, the
two pillars of the conformity definition (van de Waal, Borgeaud, &
Whiten, 2013). In this study on wild vervet monkeys, Chlorocebus
aethiops, both maturing and immigrating individuals adopted the
foraging preference shared by the majority of the local group,
indicating that at least the immigrants show conformity as it is
defined in human psychology (van de Waal et al., 2013). However,
the claim for selective majority copying remained circumstantial at
most (authors' own conclusion, see supplementary materials in van
de Waal et al., 2013). Indeed, the fact that most of the resident
vervet monkeys used the foraging strategy to which the immi-
grants ‘conformed’ does not mean that the immigrants used this
majority information in their foraging decisions. Recognizing that
learning entails a complex arena of individual, social and contextual
characteristics (e.g. see Kendal, Coolen,& Laland, 2009), it might be
that other learning biases have been at play during the acclimati-
zation process of the immigrating males, such as a bias to value
social information over individual information when the environ-
ment is uncertain (where a majority bias need not be at play).

The second issue that pertains directly to our focus of demar-
cating social from majority influences is related to the finding that
chimpanzees who have acquired their behaviour socially have been
shown to be relatively rigid in the use thereof, even at the cost of
efficiency (Price, Lambeth, Schapiro, &Whiten, 2009). Importantly,
Price et al. (2009) obtained these results in the scenario where the
chimpanzees learned from one conspecific, not from a majority. A
similar finding was reported by Whiten (1998): in this study,
chimpanzees preferentially used their first-learned action pattern
that had been demonstrated to them by one human experimenter,
even after discovering that other sequences worked equally well
(Whiten, 1998). These observations suggest that chimpanzees
remain faithful to what they have learned first, or socially, and that
these characteristics, not majority influences, can sufficiently ac-
count for the information diffusion and the reversion pattern that
form the foundation of the conformity interpretation in primates
(also see Hrubesch et al., 2009; Pesendorfer et al., 2009; van
Leeuwen & Haun, 2013).

DO RATS SHOW CONFORMITY?

The conformity data in rats, Rattus norvegicus, are also a good
example of the potent effects that social information can exert
without it being transmitted by amajority of individuals. In an early
conformity study, Konopasky and Telegdy (1977) showed that some
rats would follow the unrewarded strategy option demonstrated to
them by one ‘leader’ rat, even when they were experienced in
choosing the rewarded option. More recent studies used a similar
design in which ‘observer’ rats were shown to copy the foraging
decision of one demonstrator rat, evenwhen they had experienced
those options to be unpalatable or even toxic (Galef & Whiskin,
2008; Jolles et al., 2011). In an attempt to shed light on the
distinction between social and majority influences, Galef (2009)
pointed to the findings in which naïve rats showed an increased
probability of adopting a demonstrated pattern of behaviour as the
proportion of demonstrators increased (e.g. Chou & Richerson,
1992; Galef & Whiskin, 1995; see Galef, 2009). However, para-
phrasing Galef's (2009) own conclusion, in the case of naïve
individuals, the bias towards copying the majority can only be
identified when the probability of adopting the majority strategy
increases disproportionately compared with the increase in the
relative majority size, which has not shown to be the case in any of
the rat studies (Galef, 2009; Laland, 2004). In other words, the naïve
rats may have responded to the amount of social information,
regardless of it being transmitted by a majority of group members.
More importantly for this review, however, is the fact that none of
these latter studies investigated the tendency of knowledgeable
rats to adopt social information, which invalidates an adequate
comparison to the findings of the original human conformity
studies.
DO FISH SHOW CONFORMITY?

Studies on conformity in fish have followed different ap-
proaches from experiments in other taxa and thus allow for slightly
different interpretations. An early study by Day et al. (2001)
showed that guppies, Poecilia reticulata, are hindered in their
ability to locate food resources by the relative inertia of larger
groups when visibility is compromised. The authors concluded that
the guppies increasingly preferred to remain part of the group with
increasing group size, and hence interpreted their findings in terms
of ‘positive frequency-dependent social learning, or conformity’
(Day et al., 2001, p. 924; also see Lachlan, Crooks, & Laland, 1998;
Laland & Williams, 1997 for similar findings and interpretations).
This interpretation, however, has been criticized based on the
consideration that guppies are a shoaling species and therefore let
their behavioural choices become immersed in the collective group
decision. In other words, as individual guppies by default prefer to
swim in groups, their choices in such a group scenario, even if they
were affected by majority influences, would be overshadowed by
their shoaling preference (see Claidi�ere & Whiten, 2012). Whether
this critique is accepted or not, notwithstanding the interesting
social effects revealed in this study, the fact that the guppies were
not tested in a situation in which they needed to forgo their per-
sonal knowledge compromises a valid comparison between the
guppies' behaviour and the concept of conformity as originally
defined in human psychology.

In an attempt to investigate this latter operationalization (con-
formity sensu Asch, 1956), researchers tested whether guppies
would forgo their individually acquired information on food patch
profitability under the influence of majority demonstrations.
Although naïve subjects followed the majority convincingly, the
knowledgeable subjects did not opt for exploring the food patch
demonstrated by the majority, unless their individually acquired
strategy was made relatively costly (Kendal et al., 2004). These
findings indicate that guppies are susceptible to social information.
However, owing to the conspicuous inequality in net strategy
payoff (i.e. only the individually acquired strategywasmade costly),
they do not yet shed light on guppies' inclination to conform. In
fact, the guppies could have chosen the majority option because it
was energetically more efficient than their individually acquired
strategy. Moreover, it remains to be investigated to what extent the
guppies would have opted for the demonstrated food patch if there
had been only one demonstrator (as in the rat studies).

More convincing evidence for conformity in fish comes from a
study in sticklebacks. Pike and Laland (2010) showed that nine-
spined sticklebacks, Pungitius pungitius, adjusted their food patch
preference to the conflicting preference of the majority of dem-
onstrators, contingent on the increasing (relative) majority size
(Pike & Laland, 2010). In contrast to the studies in guppies, this
stickleback study shows that fish may not just favour social infor-
mation over individually acquired information, but may be
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specifically drawn to synchronizing their behaviour with the
largest group of dissidents.

DO BIRDS SHOW CONFORMITY?

To our knowledge, claims of conformity in birds have not been
made explicitly. However, several bird species have been shown to
adjust their behaviour upon observing conspecifics demonstrating
alternative preferences in a similar fashion to the rats in the
aforementioned studies. For instance, indigo buntings, Passerina
cyanea, were found to adjust features of their songs to the songs of
nearby individuals (Payne, 1985) and zebra finches, Taeniopygia
guttata, adopted the foraging and mating preferences of conspe-
cifics, even when this behaviour conflicted with their personal
preferences (Rosa, Nguyen, & Dubois, 2012). Other studies implic-
itly corroborate these findings, for instance by showing that birds
are likely to adopt local song dialects (e.g. Espmark, Lampe, &
Bjerke, 1989; Mundinger, 1982) and breeding site preferences (e.g.
Boulinier, McCoy, Yoccoz, Gasparini, & Tveraa, 2008; Brown,
Bomberger Brown, & Danchin, 2000; Danchin, Boulinier, &
Massot, 1998). However, although this kind of behavioural adjust-
ment can lead to local behavioural convergence (i.e. a possible
signature of conformity), the actual bias towards copying not just
any demonstrated behaviour but the behaviour performed by the
majority of group members remains to be demonstrated (e.g. see
Haun, van Leeuwen, & Edelson, 2013).

DO INSECTS SHOW CONFORMITY?

The most relevant data from the insect literature for our dis-
cussion revolving around conformity comes from studies in which
personal information was pitted against social information. For
instance, it was recently shown that female fruit flies, Drosophila
melanogaster, preferred to mate with poor-condition rather than
good-condition males after observing the poor-condition but not
good-condition males in close proximity with another female (i.e.
indicating that those males were previously chosen by other fe-
males; Mery et al., 2009). Female fruit flies in control conditions
(without any social information) showed a preference for good-
condition males. In conjunction, these findings indicate that fe-
male fruit flies adjusted their mating behaviour to social informa-
tion against personal preference. Another recent study showed that
female fruit flies modified their oviposition preference after
observing eight female conspecifics unanimously expressing in-
terest in one particular (arbitrary) egg-laying medium (Battesti
et al., 2012). Control conditions were used to establish that inter-
action with the demonstrators was necessary (and sufficient) to
induce behavioural acquiescence in the observer flies, and as prior
personal sampling had endowed the observers with the knowledge
that both media were equally rewarding, these findings were
interpreted as adjusting mating behaviour against personal
preference.

Notwithstanding the value of these studies for our under-
standing of animals' individual and social information use, these
results confirm the central argument of this review: social infor-
mation can induce behavioural adjustment irrespective of majority
influences. The fruit fly studies addressed above have impressively
shown that social information can be a potent vector in the
decision-making process of animals, even for those with ‘miniature
brains’ (Leadbeater& Chittka, 2007b), but do not necessarily tie this
social influence to amajority bias; whereas the first study only used
single demonstrators (Mery et al., 2009), the latter did not quantify
the impact of single or minority demonstrators, which would seem
a necessary benchmark for interpreting the observed social in-
fluences in terms of majority influence (Battesti et al., 2012).
The (social) insect literature alludes to at least two more
intriguing avenues. First, the fruit fly studies point to the impor-
tance of operationalizing the ‘distance’ between subjects' original
preference and the demonstrated alternative. For instance, the
difference between poor- and good-condition males (see Mery
et al., 2009) could plausibly be considered of a different order
than the difference between a recently learned arbitrariness for
egg-laying media and the demonstration of the usage of one
particular medium by conspecifics (see Battesti et al., 2012). In the
following sections, we propose that information on this distance
measure, the extent to which subjects' pre-established behaviour
deviates from the socially observed behaviour, is necessary for
interpreting the magnitude of behavioural adjustments, including
conformity. Second, researchers studying information use in bee
species (e.g. Apis mellifera and Bombus terrestris) consistently
approach decision making as an intricate process involving many
related aspects, such as the cost of individual sampling, the success
of individual information-gathering attempts and whether social
information yields new or familiar knowledge (Biesmeijer& Seeley,
2005; Grüter, Leadbeater, & Ratnieks, 2010; Leadbeater & Chittka,
2005, 2007a). This approach is more in line with social influence
theories (Latane & Wolf, 1981; Tanford & Penrod, 1984) than with
the paradigmatic conformity interpretations where social influence
is coarsely collapsed into ‘the majority’ (see Asch, 1956; Sherif,
1936). In the next sections, we address these two decision-
making approaches in more detail (i.e. conformity sensu Asch,
1956 and the social influence perspective sensu Latane & Wolf,
1981 and Tanford & Penrod, 1984).

HUMAN CONFORMITY REVISITED

Although the conformity phenomenon as a research topic stems
from the realm of human social psychology, the evidence in favour
of human conformity remains ambiguous. One aspect that may
have contributed to this ambiguity concerns the details of the
social-information source that induces conformity, where doubt
has been cast on the claim that the feature ‘majority’ is pivotal to
conformity (see Bond, 2005). Here, instead of presenting a general
overview of the conformity findings in humans (reviewed in e.g.
Bond, 2005; Haun et al., 2013; Morgan& Laland, 2012) and in order
to facilitate valid cross-species comparisons, we scrutinize the
paradigmatic human conformity studies in the same light of social
and majority influences as the animal studies reviewed before.

In the seminal human psychology experiments conducted by
Solomon Asch, in which subjects were asked to indicate which line
(out of three) matched a given target-line in length, a consistent
proportion of the adult subjects adjusted their individual opinion to
the erroneous conviction of (at least) three confederates (see Asch,
1951, 1955, 1956). Asch consistently referred to this behavioural
phenomenon in terms of majority influences (e.g. Asch, 1956),
which as such was adopted by contemporary scientists (e.g. Allen,
1965; Cohen, Bornstein, & Sherman, 1973) and has remained a
commonly used concept (e.g. see Bond, 2005). In linewith the tenet
of the current review, revisiting this behavioural phenomenon in
light of the demarcation between social and majority influences
brings up to two important aspects. First, it needs to be emphasized
that in the Asch studies (Asch, 1951, 1955, 1956) the ‘distance’ be-
tween the subject's original stance and the demonstrated alterna-
tive seems relatively large compared with most of the nonhuman
conformity studies addressed here. Although this may seem trivial,
it is our contention that the magnitude of conformity can only be
adequately assessed when this distance is known or at least
somehow operationalized (Starkweather, 1970; also see van
Leeuwen & Haun, 2013). For instance, for each subject in the Asch
studies, the distance between his/her initial line judgement and the
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conflicting judgement of Asch's confederates (e.g. see Asch, 1956)
might arguably be larger than the distance between the two equally
effortful and productive token reward alternatives for each chim-
panzee in the most cited chimpanzee conformity study (Whiten
et al., 2005). Whereas the former distance exists between easily
perceivable, factual stances (i.e. one line is objectively ‘correct’), the
latter distance is arbitrary with both options (individual versus
majority) being equally likely to be ‘correct’ (i.e. there is no truth
value inherent to the alternatives). This means that in these specific
designs, it might take more social/majority influence to make the
human subjects conform than it would take to make the chim-
panzees conform. As such, this distance measure would be a
valuable addition to the study of conformity (also see section
‘Conclusion and future directions’). Moreover, identifying the
inherent presence of this distance feature is useful for illustrating
the meaning of the second aspect, which might be best described
by the following question: ‘do the subjects in the seminal social
psychology studies conform because the alternative is demon-
strated by themajority or do they give in to social influences (where
again it should be noted that majority influences are inevitably
social influences, whereas social influences do not have to be ma-
jority influences)?’. To answer this question, it may be essential to
adopt the logical view that social information, just like individually
acquired information, can have an intrinsic value apart from the
value that subjects may attribute to ‘the majority’. In other words,
social information does not become informative and/or meaningful
only when it is presented by a majority of groupmembers; it has an
impact on social animals regardless of this majority feature. Pro-
ponents of social-influence theories have adopted and found
empirical support for this argument in humans (e.g. see Latane &
Wolf, 1981; Tanford & Penrod, 1984). They have additionally
posed that not the mere fact that individuals are confronted with a
majority, but more nuanced parameters such as strength and
immediacy of the social-influence sources and the number of
demonstrators have an impact on the behavioural decision of the
subjects. Similarly, animal studies have shown that species differ in
their reliance on social information (Coolen, van Bergen, Day, &
Laland, 2003; van Leeuwen, Call, & Haun, n.d.) and that also
other factors such as social-rearing environment and experienced
stress can affect animals' tendency to use social cues (guppies:
Chapman, Ward, & Krause, 2008; Japanese quail, Coturnix japonica:
Boogert, Zimmer, & Spencer, 2013). Taken together, these findings
indicate that social influence is a vector of which the magnitude is
determined by many more features than merely ‘the majority’. In
turn, this underlines the central claim of this review: differentiating
between the effects of social and majority influences is necessary
for validly interpreting ‘conformity’ findings and thus for providing
a calibrated platform to compare conformity across species. For
instance, the aforementioned studies in rats seem to indicate that
subjects could adjust their previously learned (and even preferred)
behaviour based on the information demonstrated by just one
conspecific (Galef & Whiskin, 2008; Jolles et al., 2011). This finding
shows that in a given species, social information can outweigh in-
dividual information irrespective of any majority bias. In turn, this
finding implies the more general premise that in any species the
values of social and individual information exist within an intricate
trade-off that can, but does not necessarily have to, be moderated
by the feature ‘majority’ (e.g. see Kendal et al., 2009; Kendal,
Coolen, van Bergen, & Laland, 2005). In other words, if the value
attributed to social information trumps the value attributed to in-
dividual information, then behaviour and/or convictions could be
adjusted through the pull of social information without any ma-
jority influence. For instance, in the absence of any susceptibility to
majority influences, animals could have evolved or learned pref-
erences for social over individual information, or adjust their
behaviour when social information provides a more recent sample
of the environment than individual information.

Note that the distance feature and the possibility of having so-
cial but not majority influences at play are nicely reflected in the
results from the Asch studies. Recapitulating, in these studies,
subjects were asked to indicate which line (out of three) matched a
given target-line in length (e.g. see Asch, 1956). The discrepancy
between the subject's judgement and the intentionally erroneous
judgement conveyed by Asch's confederate(s) might be considered
large here because the task at stake is about an easily perceivable
and straightforward factual quandary, i.e. subjects can be relatively
sure of the correct answer. As such, the subjects may need more
social weight in order to be swayed than one confederate could
provide. If this premise is accepted, additional social weight would
be needed to make subjects adjust their opinion to the conflicting
stance, which is consistent with the finding that at least three
confederates unanimously need to express this conflicting position
(e.g. Asch, 1956). Besides an illustration of how the distance mea-
sure could be tied to conformity, this also indicates that the
increased social pressure could have been responsible for subjects'
behavioural adjustment, not ‘the majority’ per se. Similarly, if the
distance measure is meaningful, subjects should be more amenable
to conform to the confederate(s) when the two conflicting stances
differ less in their accuracy/profitability. This seems to be supported
by the recent finding that 2-year-old children conform equally to
one or three demonstrators when the two ‘conflicting’ strategies
are equal on every level except for arbitrary location (i.e. which
identically shaped pipe to drop a token into in order to receive a
reward; Haun, Rekers, & Tomasello, in press).

The distinction between social andmajority influences is further
illustrated by some details of the original Asch studies: Whenever
the focal subject finds himself not being the only dissenter from the
majority conviction, conformity breaks down drastically, even
when the other dissenter does not agree with the focal subject but
instead indicates the third alternative judgement (Asch, 1956).
Similar observations were made when the majority comprised only
two confederates: the extent to which focal subjects conformed to
the majority declined drastically in such scenarios (see Asch, 1951,
1955, 1956). Note that in both cases, the majority remained present,
but was not conformed to. Minimally, these observations indicate
that other features of social influences might have been at play and
that the moderator of conformity ‘to a majority’ might be poorly
grounded (see Mesoudi, 2009 for a more detailed analysis of the
difficulty to attribute subjects' ‘conformity’ in the Asch studies to
the majority).

Alluded to in previous sections, one stringent attempt has been
made to pinpoint selective majority copying in the context of
conformity research. This attempt stems from the cultural evolu-
tionary framework, where the seminal work of Boyd and Richerson
showed that in order to identify the bias to conform to the cultural
variant that is used by the majority, one needs to show that the
likelihood of copying the majority behaviour for a given individual
increases disproportionately compared with the increase of the
relative majority size (Boyd & Richerson, 1985; Richerson & Boyd,
2005). For instance, when the relative majority size increases
from 0.6 to 0.8 (proportion of the population), the likelihood with
which a majority biased individual copies the majority would in-
crease significantly more than 33.3%. The reasoning behind this
criterion is that individuals who would copy the majority increas-
ingly, but not to a disproportionate extent, could similarly copy any
individual in the population randomly, thus without any selective
majority considerations (see Henrich& Boyd, 1998; van Leeuwen&
Haun, 2013; Mesoudi, 2009). One recent study on human adults'
decision-making processes integrated this mathematical criterion
into their analyses and found a substantial part of the subjects to be
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majority biased (Morgan, Rendell, Ehn, Hoppitt, & Laland, 2012).
However, while this study impressively shows that humans rely on
increasingly large majorities in the face of uncertain contingencies
(which strategy leads to the highest rewards?), it only minimally
tapped into subjects' inclination to forgo their prior behaviour as
strategies were instantly chosen and the most rewarding strategy
remained unknown until after the decision was made. This means
that the individuals concerned did not have pre-established
behavioural patterns that needed to be discarded; they rather
assessed and reassessed their strategy upon each decision-making
trial (in a way, this would be equal to a distance estimate being
close to zero). In the current reviewwe aim to clarify that the aspect
of abandoning previously ingrained or preferred behaviour makes
for a different information acquisition context from the cultural
evolutionary definition of conformity in which naïve individuals
are yet to establish their first behavioural pattern (i.e. when
mathematically predicted to learn socially instead of individually,
will majority considerations guide individuals' copying prefer-
ences?). One intuitive consideration that might clarify this differ-
ence pertains to the copying likelihoods: whereas the naïve
individuals in the cultural evolutionary definition are already ex-
pected to copy behaviour from their group members, the very
question of whether an individual adopts the presented social in-
formation forms the core of the human psychology definition. This
means that where the naïve individuals already have a likelihood
higher than 0.5 of ending up with the cultural variant of the ma-
jority based on ‘random copying’ (the majority by definition com-
prises more than half of the individuals of the population), the
knowledgeable individuals might be expected to stay true to their
prior knowledge, especially in cases where the presented social
information is conspicuously erroneous (as in the Asch studies, e.g.
Asch, 1956). Thus, adopting social information might reflect
different underlying decision-making processes in these two sce-
narios (with the earlier discussed distance measure as a moder-
ating variable for the magnitude of the decision-making process in
the human psychology, but not the cultural evolutionary context of
conformity). A related difference between the cultural evolutionary
and human psychology approach to conformity pertains to their
level of analysis: Where the former operationalization focuses on
transmission biases and their population-level ramifications (e.g.
conformist transmission leading to within-group homogeneity and
between-group heterogeneity: Boyd & Richerson, 1985; Henrich &
Boyd, 1998), the latter focuses on processes mediating behavioural
responses on the individual level, which requires more specific
psychological scrutiny (e.g. What is the value attributed to indi-
vidual knowledge? What is the perceived efficacy of the socially
demonstrated option?; see Kendal et al., 2009; Perreault, Moya, &
Boyd, 2012; Rieucau & Giraldeau, 2011).

In sum, within the paradigmatic conformity operationalization
in the study of human psychology, we have outlined similar diffi-
culties in identifying the exact social source that is conformed to as
in most animal studies. In the final section, we draw conclusions
based on our review and delineate conceptual and empirical ways
to demarcate social from majority influences and thus clarify the
study of conformity.

CONCLUSION AND FUTURE DIRECTIONS

In this review, we have advocated the necessity of demarcating
social influences from majority influences by showing that most of
the animal conformity studies have confounded these related
vectors. Whereas some conformity studies have not even incor-
porated a majority in their designs, others have not been able to
control for social influences independent of the majority influence
(cf. Pike & Laland, 2010). Even in the seminal human psychology
studies (e.g. Asch, 1956), it remains unclear whether the subjects
conformed under mere social or actual majority influences. This
begs the question of to what extent the ‘conformity interpretation’
in most of the studies reviewed here is justified and should be
revisited in light of animals' general susceptibility to social in-
fluences. The most important reason for doing so is empirical ac-
curacy: only by identifying which social aspect feeds into the
perception and subsequent behaviour of animals will we be able to
discover which learning biases are pivotal in a species' repertoire
and compare these behavioural tendencies across species.

A theoretical and empirical distinction between social and ma-
jority influences is valuable, as it may prevent scholars from un-
wittingly interpreting social influences in terms of conformity (e.g.
see van den Bos, Jolles,& Homberg, 2013). When scholars adhere to
the cultural evolutionary definition of conformity, results should
show that animals are disproportionately inclined to copy increas-
ingly large relative majority sizes, while the aspect of ‘forgoing pre-
established behaviour’ can accordingly be disregarded (but see
Strimling, Enquist,& Eriksson, 2009 for an important first approach
to incorporating individuals' reluctance to switch strategies into
models of cultural evolution). However, when the human psychol-
ogy definition of conformity is used, this very aspect of forgoing pre-
established behaviour is central to the analysis and scholars should
provide evidence that this pre-established behaviour is the subjects'
default strategy in the presence of alternatives but in the absence of
conspecifics (thus forming one side of the distance measure; see
previous section). To keep these two definitions apart, in earlier
work, we have explicitly labelled the former definition ‘conformist
transmission’ and the latter definition ‘conformity’, thereby using
the labels coined in the respective research fields themselves (cul-
tural evolution: e.g. Boyd& Richerson, 1985; Henrich& Boyd, 1998;
human psychology: e.g. Asch, 1956; see Haun et al., 2013). Impor-
tantly, in both approaches to ‘conformity’, the distinction between
social and majority influence is necessary for empirical accuracy. In
the cultural evolutionary case, social influences are typically
equated with ‘random copying’, which means that conspecifics are
being imitated (i.e. evidence of social influence), but through an
unbiased instead of a majority-biased strategy. This unbiased
strategy yields behavioural convergence proportionate to the size of
the majority (see previous section), but fails to generate structural
between-group variation: the very reason why scholars studying
cultural evolution are interested in conformist transmission (e.g. see
Boyd & Richerson, 1985). Thus, here, behavioural effects caused by
social influences preclude interpretation in terms of ‘conformist
transmission’ (e.g. see Laland, 2004; Richerson& Boyd, 2005). In the
humanpsychology approach, forming the framework of this review,
social influences may cause individuals to forgo their pre-
established behaviour even when there is no majority present to
conform to, which is clearly exemplified in the rat studies (Galef &
Whiskin, 2008; Jolles et al., 2011). As such, the behavioural adjust-
ments observed in rats after being exposed to one conspecificwould
not be considered conformity in the sense of the original oper-
ationalization (i.e. where the adjustment needs to be caused by the
majority). In fact, this review has aimed to show that these social
influences may have been underlying the purported conformity
effects inmany studies, even in the seminal humanpsychologyones.

The assumption that social instead of majority influences have
affected observers, in some cases, seems to be straightforwardly
confirmed by the fact that the conformity effect was already
observed when the target individual was confronted with only one
conflicting example (e.g. Galef & Whiskin, 2008; Haun et al., in
press; Jolles et al., 2011). Other cases remain inconclusive, as only
amajority scenariowas tested (e.g. Battesti et al., 2012; van deWaal
et al., 2013;Whiten et al., 2005). What would have been observed if
the subjects in these studies had been additionally tested in a
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single-model scenario? And if the subjects had adjusted their
behaviour already in this single-model scenario, similar to the rats,
what would have been the conclusion? In yet other cases, it became
evident that the scope of social influences can stretch from the
effect of one individual to the effect of many individuals before it
turning into a majority influence (see previous section). For
instance, three individuals may exert more social influence than
one individual, but they still do not have to be the majority. In fact,
it may be quintessential to acknowledge that these three in-
dividuals exert substantial social influence even when they are the
majority (e.g. see Boyd & Richerson, 1985; Mesoudi, 2009).
Furthermore, social influence can be more or less pressing
depending on modifiers such as species, salience or perceived ef-
ficacy (e.g. Latane & Wolf, 1981; Tanford & Penrod, 1984; see also
van Bergen, Coolen, & Laland, 2004; Boogert et al., 2013; Chapman
et al., 2008; Coolen et al., 2003; Kendal et al., 2009). Thus, social
influence is not a fixed effect, but a contingent vector with an
associated magnitude. In more detail, the impact of social influence
in any given situation is dependent on a plethora of ultimate and
proximate determinants (e.g. species, life history, the characteris-
tics of the model, previous social-learning experiences and the
associated stakes of acquiring information; see also Laland, 2004;
Kendal et al., 2009). To evidence conformity as the behavioural-
adjustment effect caused by the majority, the effects of social in-
fluences need to be filtered out.

Importantly, all the studies addressed in this review have pro-
vided valuable insights into the extent towhich species incorporate
socially demonstrated behaviour into their repertoires. The only
proposition that we would like to advance based on the consider-
ations related to social and majority influences, however, entails a
more rigid specification of the social-learning features at play in
any learning trade-off study. Especially in the case of conformity,
we envision that definitional and empirical ambiguity could be
reduced by elaborating on the exact source of behavioural adjust-
ment. In principle, this could be done by describing the design
details in relation to the specific social-learning bias under study.
For instance, when studying conformity, efforts should be made to
specify how the employed design differentiates between the ma-
jority bias, social influence (with its species- and context-
dependent estimate) and biases pertaining to the characteristics
of the individuals in the majority (e.g. kin, skill, prestige/domi-
nance). Empirically, it could be a helpful heuristic to always design
a conformity study such that the effects of both the majority and a
single demonstrator are assessed. The results of such a comparison
would already coarsely indicate whether a ‘group consideration’, a
central feature of the conformity definition, is necessary to explain
the results. In other words, if animals would already adjust their
behaviour to match a single demonstrator, then clearly their
acquiescence to a group of demonstrators (e.g. to a majority) could
not be unequivocally interpreted in terms of conformity.

Additionally, we propose acknowledging the ‘distance’ between
the pre-established behaviour of the focal subject and the behav-
ioural alternative presented by the majority as an important con-
formity variable. For instance, only by knowing parameters of the
original stance of the focal subject (e.g. in terms of reinforcement
history or relative preference) will its conformity become inter-
pretable. One way to approach this aspect objectively might be to
quantify the extent to which the focal subject persists in its stance
in the presence of the alternatives, but in the absence of conspe-
cifics. In the setting of the earlier mentioned line judgement task,
during such a quantification, subjects will probably persist with
high fidelity in choosing the correct line (see Corriveau & Harris,
2010). On the other hand, when confronted with two equally
effortful and rewarding alternatives (e.g. the chimpanzees in
Whiten et al., 2005), subjects may show a less pronounced (pre-
established) preference for a given strategy. While such a setting-
specific quantification may be an elaborate undertaking, it seems
highly plausible that subjects' responses to social demonstrations
are mediated by the magnitude of their initial preference.

Finally, we acknowledge that different motivations to conform
have been identified. In their influential work, Deutsch and Gerard
(1955) proposed using ‘informational conformity’ for cases where
people conform because of their conviction that others comprise a
trustworthy source of information about reality, and ‘normative
conformity’ for cases where people conform in anticipation of
inducing positive feelings in others (Deutsch & Gerard, 1955, also
see Claidi�ere & Whiten, 2012; van Schaik, 2012). As we aimed to
focus specifically on clarifying the study of the social source to
which subjects conform, we have not treated this motivational
dimension in this review. However, this distinction between mo-
tivations is compatible with our proposed scrutiny. For instance, it
could be found that subjects adjust their behaviour to ‘one
conspecific’ for ‘informational’ reasons, or that subjects conform to
‘a group of three strangers’ for ‘normative’ reasons. Any combina-
tion of social source and motivation could in principle be possible,
yet where the study of conformity motivations has been
constructively delineated (see Claidi�ere & Whiten, 2012), with this
review, we hope to have similarly advanced the need and structure
for adequately identifying the social source responsible for in-
dividuals' behavioural adjustments.
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