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Abstract

Social learning via the observation of or interaction with other individuals can allow animals to obtain information about the
local environment. Once social information is obtained, animals may or may not act on and use this information. Animals
may learn from others selectively based on particular characteristics (e.g., familiarity, age, dominance) of the information
provider, which is thought to maximize the benefits of social learning. Biases to copy certain individuals over others plays
an important role in how information is transmitted and used among individuals, and can influence the emergence of group-
level behaviors (i.e., traditions). Two underlying factors can affect from whom animals learn: the population social dynamics
— with whom you associate (e.g., familiar), and status of the demonstrator (e.g., dominant). We systematically surveyed the
literature and conducted a meta-analysis to test whether demonstrator characteristics consistently influence social learning,
and if social dynamics strategies differ from status strategies in their influence on social learning. We extracted effect sizes
from papers that used an observer-demonstrator paradigm to test if the characteristics of the individual providing social
information (i.e., the demonstrator) influence social information use by observers. We obtained 139 effect sizes on 33 spe-
cies from 54 experiments. First, we found an effect of experimental design on the influence of demonstrator characteristics
on social learning: between-subject designs had stronger effects compared to within-subject designs. Second, we found that
demonstrator characteristics do indeed influence social learning. Characteristics based on social dynamics and character-
istics based on status had a significant effect on social learning, especially when copying familiar and kin demonstrators.
These results highlight the role that demonstrator characteristics play on social learning, which can have implications for
the formation and establishment of behavioural traditions in animals.

Keywords Biased social learning - Decision making - Model-based social learning - Social information use - Social
learning strategies

Introduction contexts and sensory domains (e.g., visual, auditory). For
example, learning what food is safe to eat from observing a
conspecific eating a novel food (e.g., Galef & Whiskin, 2004;

Guillette & Healy, 2014), learning about suitable egg-laying

Acquiring information about the local environment is
fundamental for animals to survive and thrive. Information

about the local environment can be acquired from observing
or interacting with other individuals, or with the products of
their behaviour (i.e., social information; Heyes, 1994;
Mesoudi et al., 2016). Learning that is influenced by social
information is defined as social learning (Heyes, 1994).
Social learning occurs across a wide range of species
(Hoppitt & Laland, 2013), and across different behavioural
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substrates from observing the choice of other females (e.g.,
Sarin & Dukas, 2009), or learning the local vocal repertoire
from listening to the vocalizations of adults (e.g., Garland
& McGregor, 2020). Over the last century, social learning
was widely assumed to be inherently beneficial, as it allowed
animals to acquire adaptive information while avoiding or
reducing the costs of trial-and-error (i.e., asocial) learning
(Hoppitt & Laland, 2013). Examples of these costs include
time and energy as well as increased predation risk (Kendal
et al., 2005; Rendell et al., 2011). However, it is now widely
acknowledged that socially learned information comes with
potential costs, for example the social information could be
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outdated or wrong (Hoppitt & Laland, 2013). Theoretical
work suggests that indiscriminately relying on social
learning is maladaptive and that animals should use social
information selectively (Boyd & Richerson, 1985; Kendal
et al., 2018; Laland, 2004; Rendell et al., 2011; Whiten,
2021a). This selectivity in social learning could be achieved
via the implementation of rules (i.e., heuristics) shaped by
natural selection that specify under which contexts animals
copy the behaviour of others (Boyd & Richerson, 1985;
Hoppitt & Laland, 2013; Kendal et al., 2018; Laland, 2004).

These sets of heuristics, sometimes referred to as ‘trans-
mission biases’, are also known as ‘social learning strate-
gies’ (Hoppitt & Laland, 2013). Laland (2004) separated
social learning strategies into two broad categories: (i) when
and (ii) who strategies. When strategies specify the circum-
stances under which animals should use social information,
for example in situations where asocial learning is costly
(Davies & Welbergen, 2009) or when an individual lacks
relevant information (Guillette et al., 2016). Who strategies
specify from whom animals should learn when they are
exposed to social information (Boyd & Richerson, 1985;
Coussi-Korbel & Fragaszy, 1995). For example, who strate-
gies include copying successful (Sarin & Dukas, 2009) or
familiar (Swaney et al., 2001) individuals. Here, copying
others’ behaviour is equated with using social information.
In this meta-analysis, we also employ the term ‘copy’ as
synonym for social information use, to mirror how theory
presents the different social learning strategies (e.g., copy
when asocial is costly, copy familiar). However, it must be
mentioned that social information use is not limited to copy-
ing others as avoiding the behaviour/option demonstrated by
another individual (rather than being indifferent) is also evi-
dence of using social information (Guillette & Healy, 2014).

Investigating these social learning strategies has become
key for understanding how animals can optimize the benefits
of social learning amidst the costs involved in copying others
(Rendell et al., 2011). Moreover, synthesizing the body of
empirical research on these functional heuristics that under-
lie social information use is also key for understanding the
dynamics of cultural evolution as social learning strategies
underlie the transmission and maintenance of behavioural
traditions in populations (Kendal et al., 2018; Whiten, 2017,
2021a, 2021b).

Who strategies of social learning

Who strategies of social learning state that the characteristics
of the individual providing the information (called the dem-
onstrator hereafter) influence the use of social information
by the learner (called the observer hereafter). Both human
and non-human animals are selective regarding whom to
copy (e.g., friends, relatives, successful individuals; Flynn
& Whiten, 2012; Henrich & Broesch, 2011; Wood et al.,
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2012), and these social learning biases can vary according
to an individual’s life stage (Ehmann et al., 2021; Whiten
& van de Waal, 2018). According to social learning theory,
the selective copying based on demonstrator characteristics
can maximize the benefit of social learning because cer-
tain individuals in the population provide more relevant or
beneficial information than others. Therefore, these strate-
gies allow animals to acquire the most useful information
while avoiding the costs of assessing the payoff of several
other individuals’ behaviour (Coelho et al., 2015; Laland,
2004; Seppinen et al., 2011; Swaney et al., 2001). Biases
to copy certain individuals over others are proposed to play
an important role in how social information is transferred
among individuals, with important consequences for the
emergence of group-level behaviours, including traditions
and animal culture (Bono et al., 2018; Kendal et al., 2018;
Laland & Janik, 2006). For example, models suggest that
unbiased, random copying is not helpful at establishing use-
ful/adaptive behavioural traits in a population, while biases
that influence individuals to copy specific demonstrators
according to their characteristics lead to more rapid estab-
lishment of a beneficial behavioural trait over generations
(Rendell et al., 2011).

In this article, we divide who strategies into two cate-
gories based on the proposed underlying mechanisms that
determine why copying social information provided by one
type of demonstrator would be more beneficial than copying
others. Here, we call these categories of who strategies (i)
social dynamics and (ii) status strategies.

Social dynamics strategies predict that copying certain
individuals should be favoured based on the pre-existing
relationship between the observer and the demonstrator.
More specifically, the influence of a demonstrator will
increase when that demonstrator is an individual that the
observer knows or with whom they share a bond, for exam-
ple kinship (i.e., a genetic bond) or a pair bond (i.e., a social
bond). Copying a known demonstrator or a demonstrator
with whom the observer shares a bond should be favoured by
natural selection since these kinds of demonstrators are more
likely to live in the same or more similar environments as
the observer compared to unknown individuals, thus render-
ing the information provided by known demonstrators more
relevant than information provided by unknown demonstra-
tors (Coussi-Korbel & Fragaszy, 1995; Hoppitt & Laland,
2013; Laland, 2004). Nest-building zebra finches (Taeniopy-
gia guttata), for example, copy the material choices dem-
onstrated by another bird only when the demonstrator is a
familiar individual (Guillette et al., 2016). Guppies (Poecilia
reticulata) learn the route to a food source more effectively
from familiar rather than unfamiliar demonstrators (Swaney
et al., 2001). Mongolian gerbils (Merriomes ungulates)
copy the food choices of demonstrators that are kin over the
food choices of demonstrators that are not (Valsecchi et al.,
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1996). In humans, children trust the information provided by
a familiar teacher over the information provided by an unfa-
miliar teacher (Corriveau & Harris, 2009). However, con-
trary to what would be predicted by theory, the frugivorous
Peter's tent-making bat (Uroderma bilobatum) was found to
copy the food choices from unfamiliar demonstrators over
those from familiar demonstrators (Ramakers et al., 2016).
Another case of copying unfamiliar individuals was found in
zebra finches, who were experimentally exposed to develop-
mental stress. These stressed individuals preferred to forage
with and copy non-kin individuals instead of their parents
(Farine et al., 2015).

Status strategies predict that copying high status or suc-
cessful individuals should be favoured since the behaviour
of successful individuals in a population theoretically yields
better payoffs than the behaviour of unsuccessful individu-
als. These demonstrator biases represent a ‘shortcut’ towards
copying successful behaviour, under the assumption that
certain types of individuals (e.g., old, dominant, large)
have acquired these characteristics or states because they
have been able to accumulate more resources than others.
Characteristics of an individual that could be used as cues
about the status of that demonstrator include age, dominance
rank, body size and other cues of individual success like
mating status, reproductive output or foraging proficiency.
Fruit flies (Drosophila melanogaster), for example, copy the
egg-laying substrate of mated over virgin flies, where the
mating status of the fly served as cue for the level of suc-
cess of the demonstrator (Sarin & Dukas, 2009). Another
status strategy was found in nine-spined sticklebacks (Pun-
gitius pungitius), which copy the foraging path of larger
over smaller demonstrators (Duffy et al., 2009). Humans
also follow status strategies: children copy adults over same-
age peers when learning a skill, thus providing evidence
for a strategy to copy older demonstrators (Wood et al.,
2012). In Norway rats (Rattus novergicus), however, juve-
niles equally copied the food choices of adult and juvenile
demonstrators (Galef & Whiskin, 2004). Note that in these
examples, animals are copying others based on a status cue
(e.g., mated vs. virgin females) and not on the success of the
behaviour (e.g., selecting a substrate to lay eggs). Copying
others based on the success of the demonstrator behaviour
would consist of a payoff bias instead of a demonstrator bias.
For example, male vervet monkeys (Chlorocebus pygeryth-
rus) were found to copy the side of a puzzle box that male
demonstrators opened over the side that female demonstra-
tors opened only when the payoff obtained by male dem-
onstrators was higher (five pieces of apple) than the payoff
obtained by female demonstrators (one piece of apple; Bono
et al., 2018). Although not mutually exclusive, a payoff bias
could be harder to implement compared to a demonstrator
bias as animals would be required to evaluate the value of
a behavioural outcome and keep track of these outcomes

for multiple individuals in their population, which may be
cognitively demanding (Bono et al., 2018).

Most of the examples in the two preceding paragraphs
provide empirical evidence supporting the theory of social
learning strategies that states that animals should be selec-
tive with regards to whom they copy. Despite the strong the
link between theory and empirical work that has character-
ized the study of social learning strategies, no effort has been
made to synthesize these findings and determine the effect
that demonstrators’ characteristics play on social learning
nor which of the who strategies (e.g., copy kin or copy older)
have a significant effect on social learning.

Objectives

In the present meta-analysis, we aimed to systematically
examine if and how demonstrator characteristics influence
social learning, and whether this influence is consistent
across species, sexes, developmental stages, behavioural
contexts (e.g., foraging, reproduction) and type of who strat-
egy (e.g., different types of social dynamics and different
types of status strategies, discussed below). Although other
meta-analyses on social learning exist, these meta-analyses
examine the factors that influence social learning in spe-
cific contexts like foraging (Penndorf & Aplin, 2020) and
mate-copying (Davies et al., 2020; Jones & DuVal, 2019).
None of these previous meta-analyses, however, exam-
ine the influence of demonstrator characteristics on social
learning, which comprises a key aspect of social learning
theory (Hoppitt & Laland, 2013). Biases to copy certain
types of demonstrators can influence the way information
is transmitted within a group of animals and, thus, may be
the basis of the formation and establishment of behavioural
traditions (Rendell et al., 2011; Whiten, 2021b). Therefore,
it is essential to synthesize and evaluate the existing empiri-
cal evidence on who strategies of social learning in order to
better understand the processes that shape social information
use in animals.

We conducted a systematic literature search and meta-
analysis in order to examine how demonstrator character-
istics influence social learning. We did so by following
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Moher et al., 2009)
and extracting the effect sizes from experimental papers that
used an observer-demonstrator paradigm (described below)
to test how the characteristics of the demonstrator influenced
social information use by the observer. We did not include
experiments that tested demonstrator bias in the vocal learn-
ing context since vocal learning is considered a highly spe-
cialized type of social learning that involves behavioural,
neuronal and anatomical specializations, as well as a sensi-
tive period (for close-ended vocal learners; Brenowitz &
Beecher, 2005; Shettleworth, 2010). We aimed to answer
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the following questions: (i) Do demonstrator characteristics,
in general, influence social information use as predicted by
the social learning strategies theory? (ii) Do social dynamics
strategies differ from status strategies in their influence on
social information use? (iii) Which specific strategies (e.g.,
copy kin, copy older) influence social information use?

Methods
Search protocol

We followed the PRISMA guidelines (Moher et al., 2009).
We searched for published articles on who strategies of
social learning (aka model-biased social learning) in Octo-
ber 2020 in Web of Science, Scopus and PsychInfo data-
bases. We used search terms pertaining to social learning
(e.g., ‘social information’, ‘social transmission’) and to
the who strategies of social learning (e.g., ‘demonstrator’,
‘social learning strategy’) to search for peer-reviewed sci-
entific papers. We also included papers from a preliminary
search that were found outside of these database searches.
Figure 1 shows the PRISMA diagram of the systematic

search process. The full list of search terms is available in
the Online Supplementary Material (OSM; Supplementary
Table 1).

Criteria for inclusion

In order to be included, papers had to consist of experiments
that used an observer-demonstrator paradigm to test if the
characteristics of the individual providing social informa-
tion (i.e., the demonstrator) affected social information use
in the observer. The social information phase had to include
either one or two groups of observers watching or interacting
with one or more demonstrators. The different demonstrators
had to vary in some characteristic. The social information
phase had to be followed by a test phase measuring whether
the observers copied (copy = used social information) the
demonstrator. In each experiment, the different demonstra-
tor types had to differ in a characteristic based on the who
strategies of social learning proposed by Laland (2004) and
further expanded by Rendell et al. (2011; see below for a
detailed description). These strategies are: copy familiar,
copy kin, copy breeding partner, copy successful, copy
older, copy high ranking, copy larger, and copy male or

Full-text articles excluded, with
reasons
(n=197)
Did not meet inclusion criteria (n = 168)

Mathematical model article (n = 8)

Suitable data not obtained (n = 13)

=
.g Records identified through Additional records identified
S database searching through other sources
L= = =
= (n=9517) (n=34)
=
)
=
A A 4
Records after duplicates removed
(n = 7449)
oo
=
=
] v
s}
L2l Records screened Records excluded
(n= 7449) (n=7194)
y
Full-text articles assessed
= for eligibility
= (n=251)
)
w
Review article (n = 8)

A
2 Studies included in meta-
3 analysis
S (n= 54)
&

Fig.1 PRISMA diagram of the systematic review process beginning with the initial search results and ending with the number of papers

included in the meta-analysis. Nofe. n indicates the number of papers
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copy female. Additionally, we included experiments where
demonstrators were of the same or a different species with
regards to the observers (i.e., copy conspecific). Despite copy
conspecific not being previously included as a who strat-
egy, copying conspecifics could be another demonstrator
bias animals employ (Avargues-Weber et al., 2013; Sasvari,
1979).

We included experiments that used a within-subject meth-
odology in which each observer had access to two or more
types of demonstrators that differed in one of the character-
istics mentioned above (e.g., kin vs. non-kin). Experiments
using a within-subject design could have two types of meth-
odologies where demonstrators were presented either: (1)
simultaneously, or (2) sequentially. Alternatively, we also
included experiments that used a between-subject methodol-
ogy in which some observers had access to only one kind of
demonstrator (e.g., kin) and other observers had access to
the other kind of demonstrator (e.g., non-kin). For experi-
ments using a between-subject design, groups of observers
had to be consistent in their age and sex in order to ensure
that any difference in copying was due to characteristics of
the demonstrator and not those of the observer. For example,
we excluded experiments that had juveniles observe one type
of demonstrator (e.g., older) and adults observe the other
type (e.g., younger, as in Rgrvang et al., 2015). We did not
include experiments comparing how animals responded to
a signal (e.g., alarm calls), since signals have evolved to
elicit a response in the receiver (Maynard-Smith & Harper,
2003), and responding to these stimuli is not considered
social learning. We excluded experiments that used Network
Based Diffusion Analysis because these statistical methods
use mathematical models in order to infer biases in social
learning instead of an observer-demonstrator paradigm.

In the test phase of experiments, copying behaviour was
tested in two ways. In the first type, copying was tested by
comparing behaviour matching between the observer and the
demonstrator. Behaviour matching was measured by quan-
tifying the extent to which observers chose the same option
as the demonstrator (e.g., selecting feeder A over feeder
B). This quantification was made by counting how many
observers performed the same behaviour as the demonstrator
(e.g., number of individuals choosing demonstrated feeder),
or by measuring the fear response (e.g., freezing duration) of
observers after being put in the same context where observ-
ers watched a demonstrator being exposed to an adverse
stimulus (e.g., a foot shock). In the second type of experi-
ment, copying was tested by comparing the performance of
observers at solving a task after observing either one of two
kinds of demonstrators (e.g., kin or non-kin) solving that
same task. For example, latency to solve a foraging task
after observing a demonstrator that is kin versus latency to
solve a foraging task after observing a non-kin demonstrator.
Experiments that measured attention towards demonstrators

as a proxy for social learning were excluded as they do not
show whether observers acted upon the socially provided
information, and the focus of this meta-analysis is on the
effect of demonstrator characteristics on social information
use. As mentioned in the Introduction, we excluded experi-
ments in the vocal learning context as vocal learning can be
considered a very specialized type of learning and is usually
studied as its own research field separate from the field of
social learning.

Experiments had to provide enough data or statistical
information to allow for calculation of an effect size. If an
experiment was missing the required statistical informa-
tion in the text, we used the online tool WebPlotDigitizer
v4 (Rohatgi, 2015) to extract means and standard devia-
tions from plots. We obtained data for 93 effect sizes in 27
experiments in this way. If we needed additional data, we
contacted authors and asked for any missing information or
the raw data. We obtained data for two effect sizes from one
experiment in this way. We only included experiments in
non-human animals. See OSM Supplementary Table 2 for
a list of papers not included in the meta-analysis and their
reason for exclusion.

Primary moderator: Strategy type

We propose two general categories of who strategies based
on social learning theory (Boyd & Richerson, 1985;Coussi-
Korbel & Fragaszy, 1995 ; Hoppitt & Laland, 2013 ; Laland,
2004). These categories are based on the proposed underly-
ing factors that determine why it would be more beneficial
to copy one type of demonstrator over another.

Social dynamics strategies

The first category has to do with the social dynamics
between the observer and the demonstrator. In this category,
particular individuals are more influential demonstrators to
certain observers as a consequence of pre-existing social
relationships between the two (Coussi-Korbel & Fragaszy,
1995). The influence of a demonstrator increases when that
demonstrator is an individual that the observer knows or
shares a bond with, for example kinship or a pair bond.
Information from known individuals should be preferred
over information from strangers because known individuals
are more likely to live in and experience the same environ-
ment as the observer, thus rendering the information that a
known demonstrator provides more relevant than informa-
tion provided by an unknown demonstrator (Coussi-Korbel
& Fragaszy, 1995; Hoppitt & Laland, 2013; Laland, 2004).
Who strategies that fit into the social dynamics category are
copy familiar, copy kin, copy breeding partner and copy
conspecific. Although a bias towards copying conspecif-
ics does not necessarily involve some kind of pre-existing
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social relationship between observer and demonstrator,
social learning is assumed to occur mostly between con-
specifics based on the idea that resource needs are shared
more between conspecifics than between heterospecifics
(Avargues-Weber et al., 2013; Jaakkonen et al., 2015). For
this reason, we decided to categorize copy conspecific as
a social dynamics strategy. Each of these social dynamics
strategies are described in greater detail below.

Copy familiar This strategy predicts that an observer has
a bias to copy a familiar over an unfamiliar demonstrator,
therefore copying a familiar demonstrator was coded as a
positive effect and copying an unfamiliar demonstrator as
a negative effect (Fig. 2). A familiar demonstrator is one
with whom the observer has interacted at some point of
their lives and is therefore known to the observer (Guillette
et al., 2016; Ramakers et al., 2016). An unfamiliar individual
is one that, prior to the experiment, had never interacted
with the observer. Some experiments combined familiarity
and another demonstrator characteristic like kinship (k =
9 experiments, n = 26 effect sizes; e.g., Galef & Whiskin,
2008) or breeding partner (k = 2 experiments, n = 12 effect
sizes; e.g., Munch et al., 2018) in the same experiment — for
example, by using demonstrators that were familiar/kin to
the observers and demonstrators that were unfamiliar/non-
kin. If the experimental groups differed in more than one
demonstrator characteristic (e.g., familiarity and kinship),
the effect size was classified into both of the social learn-
ing strategies being tested (i.e., learning strategies were not
considered as mutually exclusive).

Copy kin This strategy predicts an observer has a bias to copy
a demonstrator that is kin over a non-kin demonstrator (Hop-
pitt & Laland, 2013), therefore copying a kin demonstrator
was coded as a positive effect and copying a non-kin demon-
strator as a negative effect (Fig. 2). There were no experiments
in our sample that used social kin (i.e., cross fostering).

Copy breeding partner This strategy predicts that an
observer has a bias to copy a demonstrator that is their
breeding partner compared to a non-breeding-partner dem-
onstrator, therefore copying the breeding partner was coded
as a positive effect and copying a non-breeding partner
demonstrator was coded as a negative effect (Fig. 2). Two
experiments combined familiarity and breeding partnership
using familiar/breeding-partner demonstrators and unfamil-
iar/non-breeding-partner demonstrators (Jeon et al., 2010;
Munch et al., 2018). The effect sizes extracted from experi-
ments that combined familiarity and breeding partnership
were classified into both learning strategies and were not
considered mutually exclusive.

Copy conspecifics This strategy predicts that an observer has
a bias to copy a conspecific over a heterospecific demonstra-
tor, therefore copying a conspecific demonstrator was coded
as a positive effect and copying a heterospecific demonstra-
tor as a negative effect (Fig. 2).

Status strategies

The second category of who strategies has to do with copy-
ing high status or successful individuals, as copying the

Negative Positive
Copy Copy
unfamiliar familiar
non-kin kin
non-breeding partner breeding partner
heterospecific conspecific
unsuccessful successful
younger older
low-ranking high-ranking
smaller larger
male female
-1.0 -0.5 0.0 0.5 1.0
Hedges'd

Fig.2 Diagram showing how effect direction was assigned within
each who strategy. Note. Positive effect sizes were assigned when
observers showed a bias towards copying the demonstrator predicted
by the social learning strategies literature (Boyd & Richerson, 1985;
Coussi-Korbel & Fragaszy, 1995; Hoppitt & Laland, 2013; Laland,
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2004). Negative effect sizes were assigned when observers copied the
demonstrator that is not predicted by the social learning strategies lit-
erature. Females arbitrarily assigned a positive value. Spaces between
groupings of strategies indicate the different strategy types: social
dynamics strategies, status strategies and other strategies, respectively
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behaviour of individuals that are more successful than oth-
ers in a population would theoretically yield the better payoff
(Boyd & Richerson, 1985). Status strategies include copy
successful, copy older, copy high-ranking and copy larger,
and we discuss each strategy, in turn, below.

Copy successful This strategy predicts that an observer has a
bias to copy a more successful over a less successful demon-
strator. Therefore, preference for copying a more successful
demonstrator was coded as a positive effect and preference
for copying an unsuccessful demonstrator as a negative
effect (Fig. 2). Each of the experiments testing the copy suc-
cessful strategy used experimental manipulations to establish
some demonstrators as successful individuals and others as
unsuccessful or less successful individuals. Manipulations
to establish the success of the demonstrators occurred either
prior to or during the social information phase. Manipula-
tions included foraging success (e.g., having access to food
items of high value vs. not having this access; Nicol & Pope,
1999), mating status (e.g., mated vs. non-mated; Sarin &
Dukas, 2009), or breeding success (e.g., large quantity vs.
small quantity of eggs in nests; Forsman & Seppinen, 2011;
Loukola et al., 2012; Seppénen et al., 2011).

Copy older This strategy predicts that an observer has a bias
to copy an older (adult) over a younger (juvenile) demonstra-
tor as older individuals should be more experienced and suc-
cessful (e.g., Kendal et al., 2018; Laland, 2004). Therefore,
copying an older demonstrator was coded as a positive effect
and copying a young demonstrator was coded as a negative
effect (Fig. 2).

Copy high-ranking This strategy predicts that an observer
has a bias to copy a high-ranking over a low-ranking demon-
strator. Therefore, copying high-ranking demonstrators was
coded as a positive effect and copying low-ranking demon-
strators as a negative effect. Each experiment used demon-
strators that differed in their dominance status, while the
dominance status of observers was kept consistent or a mix-
ture of low-ranking and high-ranking observers in the same
experiment. Dominance rank of both observers and dem-
onstrators in each experiment was assessed before the start
of the experiment. Depending on the experiment, observers
could be in the middle of the hierarchy and observe demon-
strators that ranked higher or lower than them (e.g., Bacia-
donna et al., 2013; Nicol & Pope, 1994, 1999; Watson et al.,
2017), or there could be a combination of low-ranking and
high-ranking observers observing low-ranking or high-rank-
ing demonstrators (e.g., Brotcorne et al., 2020).

Copy larger This strategy predicts that an observer has a bias
to copy a large over a smaller demonstrator, as demonstrator

size could be used as a proxy for demonstrator success (e.g.,
Kendal et al., 2018; Laland, 2004). Therefore, copying a
larger demonstrator was coded as a positive effect and copy-
ing a smaller demonstrator as a negative effect (Fig. 2). The
size of the observers was kept consistent across experimental
groups.

Other learning strategies

We analyzed one additional who strategy that does not fall
under the social dynamics or status strategies discussed
above.

Copy female/male Experiments in the copy female/male cat-
egory tested whether animals have a bias towards copying
male versus female demonstrators. Sex-based strategies can
depend on the interaction between the observer and demon-
strator’s sex and do not have a clear prediction in the litera-
ture (Katz & Lachlan, 2003). For that reason, we arbitrarily
assigned preference for copying female demonstrators as a
positive effect and preference for copying male demonstra-
tors as a negative effect.

Secondary moderators

We obtained information on 12 moderator variables related
to experimental design and observer characteristics that
might influence the effect size of demonstrator characteris-
tics on social learning.

Experimental design

Experiments used either a within-subject or a between-subject
design. These designs differ not only in their methodology but
also in the basic question each address. Within-subject design
experiments ask the observers to choose whether to copy dem-
onstrator A or demonstrator B (they ask which demonstra-
tor does the observer copy, assuming social learning always
occurs). Between-subject design experiments ask one group
of observers to copy demonstrator A or not, and another group
of observers to copy demonstrator B or not (they ask if the
observer will copy if the demonstrator is A or B, not assuming
social learning will occur). Moreover, a within-subject design
allows for direct comparison of both types of demonstrators,
whereas in a between-subject design each observer only gets
to interact with/observe one of the demonstrator types, and
does not allow for a direct demonstrator comparison. We
coded experiments as either within-subject or between-sub-
ject, and tested for the influence of study design in the effect
of demonstrator characteristics on social learning.
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Demonstrator presentation

Within-subject designs differed in the experimental para-
digm used during the social information phase. Some
experiments had observers watch demonstrators simultane-
ously, whereas other experiments had observers watch each
demonstrator sequentially. A meta-analysis on mate choice
found that experimental design played a significant role in
the strength of mating preferences in non-human animals
(Dougherty & Shuker, 2015). More specifically, the mean
strength of mating preferences was larger in experiments
where potential mates were presented to subjects simulta-
neously, compared to experiments where potential mates
were presented sequentially. We tested for the influence of
demonstrator presentation (simultaneous vs. sequential) on
the effect of demonstrator characteristics on social learning.

Observer characteristics and other moderators

Three moderators were concerned with characteristics of the
observers, these were: taxonomic group at the class level,
sex of the observers (female, male or both) and age group of
the observers (juvenile — before sexual maturity, adult — once
sexual maturity is reached, or both). We examined the effect
of experiment location on effect size (laboratory vs. field).
We also examined how the type of access to demonstra-
tors during the social information phase influenced effect
size. During the social information phase, observers could:
freely interact with the demonstrator(s) — coded as interac-
tion, interact with the demonstrator(s) in a restricted way
(e.g., through a holed barrier) — coded as restricted interac-
tion, have only visual access to the demonstrator(s) — coded
as observation. Additionally, observers could have visual
access not to a live demonstrator but to a video — coded
as video observation or have access to the product of the
demonstrator’s behaviour (e.g., nest with eggs) — coded as
behavioural product. We tested whether the influence of
demonstrator characteristics on copying were affected by
the behavioural context of the experiment. We coded the
behavioural context as either foraging, aversion/predator
avoidance, or reproduction.

Finally, we examined whether having a wider time win-
dow to acquire social information affects model-based social
learning by examining the influence of the duration of the
social information phase on the effect size. The duration of
the social information phase could be determined either by
time in hours, controlling for species differences in devel-
opmental rates and lifespans (by dividing the duration of the
social information phase by the average days of the species
to reach sexual maturity, and then calculating the square root
of that number to normalize the data; Lambert & Guillette,
2021), or by number of actions performed by the demonstra-
tor (number of events). We also tested if the bias to copy
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one type of demonstrator is affected by the delay (in hours)
between the end of the social information phase and the start
of the test phase.

Effect size calculation

We quantified the influence of demonstrator characteristics
on social learning by comparing the mean copying of the
predicted demonstrator to the mean copying of the non-pre-
dicted demonstrator according to the who strategies theory
and used Hedges’ d as our effect size (Hedges & Olkin,
1985; Koricheva et al., 2013). To calculate d, the mean
copying value obtained for the demonstrator type that is not
predicted to be copied by the social learning strategies litera-
ture (e.g., non-familiar or unsuccessful demonstrators) was
used as the baseline mean. Therefore, if observers copied
non-predicted demonstrators (e.g., non-familiar) more than
predicted demonstrators (e.g., familiar) the effect was nega-
tive, and if observers copied in the predicted direction, the
effect size was positive (Fig. 2). Similar levels of copying of
each kind of demonstrator result in an effect size near zero.

We obtained the effect sizes in different ways. When
means, standard deviations and sample sizes were avail-
able, we calculated Hedges’ d directly from these values
using the equations in Koricheva et al. (2013). When copy-
ing was quantified as the number of individuals that copied
each demonstrator, we first calculated the odds ratio and
converted the value obtained to Hedges’ d using the formula
in Polanin and Snilstveit (2016).

Phylogeny

Our sample included 33 species from five taxonomic groups:
invertebrates, fish, reptiles, birds and mammals. In order to
control for non-independence as a result of shared evolution-
ary history (Koricheva et al., 2013), we created a phyloge-
netic tree of the study species by downloading a subset of
a supertree from TimeTree on 4™ October, 2021 (Hedges
et al., 2006; Hedges et al., 2015; Kumar et al., 2017; Sup-
plementary Fig. 1). Two species were not in the database,
and so we used closely related species as substitutes to build
the phylogenetic tree.

Statistical analysis

All analyses were performed using R v.4.0.3 (R Core Team,
2020). We ran multivariate meta-analysis models that
included study ID and species as random effects to control
for potential non-independence associated with multiple
effect sizes from one study or species. Our models included
a covariance matrix of our phylogeny to control for the
shared evolutionary history of the species (Nakagawa &
Santos, 2012). We conducted a main set of analyses using
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the directional effect sizes, and ran another set of analy-
ses using the absolute effect sizes with a folded distribu-
tion (Morrissey, 2016a). We present the I? value of the base
models as a measure of model heterogeneity.

Absolute effect size analyses

We used absolute effect (i.e., using only positive values, ldl)
as a response variable in model analyses in order to deter-
mine whether demonstrator characteristics in general influ-
enced social learning, regardless of the predictions about
which demonstrator type should be copied. We conducted
this analysis with the MCMCglmm package (Hadfield, 2010)
using generalized linear models with a Bayesian framework
by using Markov Chain Monte Carlo (MCMC). Absolute
effect models included the three random variables listed
above (study ID, species and phylogeny). We ran our models
using 3,000,000 iterations, a thinning interval of 2,000, and
a burn-in period of 2,000,000 (Dougherty & Guillette, 2018;
Lambert & Guillette, 2021), and fitted the models using
the inverse-Wishart prior (Noble et al., 2018). We applied
a folded normal distribution to the posterior means of our
models in order to account for the use of absolute values of
effect sizes (Idl), using the ‘analyze and transform’ method
(Morrissey, 2016a, 2016b; Noble et al., 2018). We examined
the MCMC time series to check for convergence of all mod-
els and checked model mixing by checking the autocorrela-
tion between the samples in the chain. Finally, we checked
for model convergence by running each model three times
and using the Gelman-Rubin diagnostics (Gelman, 2008).

Directional effect size analyses

We performed analyses using directional effect sizes as a
response variable to determine whether demonstrator char-
acteristics affect social learning following the predictions
of the social learning strategies (Fig. 2; Coussi-Korbel &
Fragaszy, 1995; Hoppitt & Laland, 2013; Laland, 2004). For
these analyses we performed multi-level mixed effects mod-
els using the Metafor package (Viechtbauer, 2010), using a
subset of our dataset which excluded effect sizes calculated
from copy male/female studies as the directionality of this
strategy was arbitrarily assigned and was not based on the-
ory. We first ran a model on the data subset using study ID,
with species and phylogeny as random factors and without
any fixed factors, in order to determine the overall mean
directional effect of the combined demonstrator character-
istics on social learning. Then, we grouped who strategies
into social dynamics and status strategies and ran a model
that included strategy type (social dynamics vs. status) as
a fixed factor to test for the effect of each type of strate-
gies and compare their effect size to determine which strat-
egy type had a larger influence on social learning. We also

examined, using independent models, the effect of each who
strategy separately: copy familiar, copy kin, copy breeding
partner, copy conspecific, copy successful, copy older, copy
high-ranking and copy larger. An effect size was considered
to significantly differ from zero when the 95% confidence
intervals (CIs) did not overlap zero (Koricheva et al., 2013;
Lambert & Guillette, 2021).

We examined the influence of our secondary moderator
variables on the mean effect size using models that included
the same four random variables presented above plus one
of the moderator variables (categorical or continuous) as a
fixed factor. To determine whether a moderator significantly
influenced the overall mean effect size, we used the QM
statistic (Koricheva et al., 2013). Statistical significance for
QM tests was set at o = 0.05. We obtained estimates of the
mean effect size for each level of the categorical modera-
tors by running the same models as above but excluding the
model intercept. We searched for potential publication bias
by running an Egger’s test and a trim-and-fill analysis on a
model without random effects (Egger et al., 1997; Sterne &
Egger, 2006).

Results
Search results and dataset

We extracted a total of 139 effect sizes from 54 publications
(Fig. 1) that included experiments on 33 species (inverte-
brates, n = 3; fish, n = 5; reptiles, n = 5; birds, n = 37; and
mammals, n = 93). The number of effects per paper ranged
from 1 to 18. Most of the studies took place in the labora-
tory (n = 45), while a smaller number took place in the
field (n = 9; see Table 2). Eight of the laboratory studies
used wild-caught subjects and one used a combination of
wild-caught and zoo-bred subjects. An Egger’s test found
asymmetry in the directional effects of a simple model (no
random variables), suggesting potential publication bias to
publish significant results (z = 3.35, p < 0.01). A z-test of
sample variance in the multivariate model also identified
asymmetry (z = 2.71, p < 0.01). However, a trim-and-fill
test did not estimate any missing studies on either side of
the funnel plot (OSM Supplementary Fig. 2).

Effect sizes

Overall effect sizes

We found a significant overall absolute effect (derived from
all 139 effect sizes) of Idl = 0.58 (95% CI = 0.39, 0.79),
which is considered a medium to large effect. The overall
heterogeneity was I? = 47.0, with the three random factors
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explaining a portion of this heterogeneity (phylogeny: I> =
11.4, species: ’=13.9, and study: I? = 13.9). We also found
an overall directional effect size of d = 0.39 (95% CI =0.24,
0.54), derived from a data subset (n = 122 effect sizes) that
excluded copy male/female effect sizes because the direction
of the effect size in this strategy (male = negative effect,
female = positive effect) was arbitrarily assigned, which cor-
responds to a medium effect. A significant directional effect
means that demonstrator characteristics influence social
learning in the direction predicted by social learning strate-
gies (Hoppitt & Laland, 2013; Kendal et al., 2018; Laland,
2004; Rendell et al., 2011). The overall directional effect
size had a heterogeneity of I> = 67.0.

Primary moderators — who strategies

The overall effect of social dynamics strategies on social
learning was d = 0.44 (95% CI = 0.26, 0.64), a medium
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Fig.3 Forest plot of the mean directional effect size estimate (grey
circles) and the mean absolute effect size estimates (black circles)
with their 95% confidence intervals (horizontal lines) for the social
dynamics strategies. Nofe. n indicates the number of effect sizes per
strategy, k indicates the number of papers per strategy, s indicates
number of species per strategy. The dashed line indicates 0 and the
dotted line indicates the overall effect size estimate for social dynam-
ics strategies grouped together. An effect was considered statistically
significant if its 95% Confidence Interval did not overlap 0. Note that
the strategies copy familiar, copy kin and copy breeding partner are
not mutually exclusive. Copy familiar and copy kin share 26 (of 56
for familiar and 38 for kin) effect sizes and copy familiar and copy
breeding partmer share 12 (of 56 for familiar and 14 for breeding
partner) effect sizes
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Fig.4 Forest plot of the mean directional effect size estimate (grey
circles) and the mean absolute effect size estimates (black circles)
with their 95% confidence intervals (horizontal lines) for the status
strategies. Note. n indicates the number of effect sizes per strategy,
k indicates the number of papers per strategy, s indicates number of
species per strategy. The dashed line indicates 0 and the dotted line
indicates the overall effect size estimate for status strategies grouped
together. The status overall effect size includes the effect size calcu-
lated for the copy-larger strategy however the copy-larger strategy
effect size was not included due to the low sample size (n = 1 effect
size, k = 1 paper)

effect (Fig. 3). The effect of status strategies was also sig-
nificantly different from no effect at d = 0.29 (95% CI =
0.03, 0.56; Fig. 4), a small effect. The effect sizes for social
dynamics strategies and status strategies did not significantly
differ from each other (z = 0.94, p = 0.35).

Regarding each who strategy, we found a significant
effect in the predicted direction for copy familiar (d = 0.45,
95% CI = 0.22, 0.68) and copy kin (d = 0.45,95% CI = 0.19,
0.71) strategies (Fig. 3). The effect size of each of these two
strategies was still significantly different from no effect even
when the shared effect sizes between the two (n = 26) were
excluded (copy familiar: d = 0.48, 95% CI = 0.19, 0.77,
n = 30; copy kin: d = 0.56, 95% CI = 0.16, 0.96, n = 12).
The effect size estimates for remaining who strategies did
not significantly differ from zero: copy breeding partner (d
=0.16, 95% CI = -0.33, 0.65); copy conspecific (d = 0.36,
95% CI = -0.02, 0.74); copy successful (d = 0.29, 95% CI
=-0.20, 0.79); copy older (d = 0.36, 95% CI = -0.02, 0.75);
and copy high-ranking (d = 0.22, 95% CI = -0.26, 0.70). The
copy larger strategy effect size was not included in Fig. 4
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due to its low sample size (n = 1 effect size, k = 1 paper; d
=0.44,95% CI =-0.70, 1.58).

Given that the effect of all but the copy familiar and
copy kin strategies were not significantly different from no
effect, we calculated the absolute effect of the who strategies
listed in the above paragraph. In doing so we can determine
whether the non-significance of the directional effects is due
to our sample including a similar number of studies show-
ing positive and negative effects (which would result in a
significant absolute effect), or due to our sample including
many studies with effects that do not differ from zero (which
would result in a non-significant absolute effect). We found
a significant absolute effect for each of the who strategies
(Figs. 3 and 4; OSM Supplementary Table 3).

With regards to the sex of the demonstrator (n = 17 effect
sizes, k = 8 papers), we found a significant positive effect,
meaning that females were copied more than males across
these studies (d = 0.46, 95% CI = 0.07, 0.85).

Secondary moderators

Experimental design and demonstration presenta-
tion Directional effect size was significantly influenced by
study design (QM = 4.22, df = 1, p = 0.04). The influ-
ence of demonstrator characteristics on social learning was
greater in between-subject than in within-subject designs (z
=2.05, p = 0.04; Table 1). Moreover, while between-subject
designs had a significant medium effect (d = 0.47, 95% CI
= 0.31, 0.63), the effect of within-subject designs did not
significantly differ from no effect (d = 0.14, 95% CI = -0.13,
0.42; Table 1). Demonstrator presentation (simultaneous vs
sequential) did not affect the effect of demonstrator charac-
teristics on social learning (QM = 0.13, df = 1, p = 0.72;
Table 1).

Observer characteristics and other moderators The only
secondary moderator than significantly influenced the
strength of directed social learning was behavioural context
(QM = 14.6, df = 2, p < 0.01), where predator/aversion
avoidance experiments had a significantly larger effect than

experiments in the foraging or reproduction context (z =
3.20, p < 0.01; Table 2). None of the factors observer taxo-
nomic group, observer sex, observer age group, experiment
location, access to demonstrators, delay between observation
and test, nor any measure of observation duration influenced
the effect of demonstrator characteristics on social learning
(OSM Supplementary Table 4). See Table 2 for mean effect
size estimates and sample sizes for each category for the
categorical moderator variables.

Discussion
Overall absolute and directional effect sizes

This meta-analysis shows that demonstrator characteristics
influence social information use in animals, with a medium-
to-large effect (0.60) in the absolute scale (i.e., without giv-
ing any directionality to effect size), and a medium direc-
tional effect (0.37) of demonstrator characteristics in the
predicted direction (i.e., a positive effect) on social informa-
tion use. Directional effects can be positive or negative and
are based on social learning theory that observers have a bias
to copy specific types of demonstrators (e.g., familiar over
unfamiliar; Fig. 2). The significant directional effect shows
that certain types of demonstrators are copied more than oth-
ers, and in the direction predicted by theory (Boyd & Rich-
erson, 1985; Hoppitt & Laland, 2013; Laland, 2004). The
smaller directional effect compared to the absolute effect,
however, indicates that animals often copy selectively but
not necessarily in the predicted direction. For instance, copy-
ing in the non-predicted direction occurred in bats, who were
found to copy the food choice of unfamiliar demonstrators
over familiar demonstrators (Ramakers et al., 2016). In this
particular model system, copying unfamiliar demonstrators
could increase the chance of finding previously unknown
food sources. Copying unfamiliar individuals is beneficial
in species that feed from widely dispersed food sources, for
example very specific kinds of fruit (Ramakers et al., 2016).
Another example of copying in the non-predicted direction

Table 1 Mean effect size estimates and 95% confidence intervals for each category of the ‘experimental design’ moderator (between-subject and
within subject) and each category of the ‘demonstrator presentation’ moderator (simultaneous and sequential)

Moderator Category Effect sizes, n  Studies,n Species, n Effect type Hedges’d 95% CI lower 95% CI upper
Experimental design Between-subject 114 40 27 Absolute 0.62 0.39 0.81
Directional 0.47 0.31 0.63
Within-subject 24 17 12 Absolute 0.49 0.29 0.70
Directional 0.14 -0.13 0.42
Demonstrator presentation Sequential 3 3 3 Directional -0.03 -0.75 0.70
Simultaneous 21 14 10 Directional 0.22 -0.16 0.59

Table includes the sample sizes, number of studies, and number of species included in each category
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Table 2 Mean effect size estimates and 95% confidence intervals for each category of the seven extant moderators

Moderator Category Effects, n Studies, n Species, n Hedges’” d 95% CI lower 95% CI upper
Taxonomic Mammals 89 28 15 0.39 0.20 0.58
Group Birds 37 19 12 0.37 0.11 0.63
Reptiles 2 -0.04 -0.73 0.65
Fish 3 0.84 0.27 1.40
Insects 1 0.25 -0.38 0.88
Observer sex Both 75 30 23 0.37 0.18 0.57
Female 37 21 11 0.3 0.06 0.53
Male 27 10 5 0.67 0.3 1.05
Observer age Both 15 9 8 0.3 -0.07 0.67
Juvenile 29 12 11 0.54 0.21 0.87
Adult 95 33 20 0.37 0.17 0.57
Location Field 12 9 6 0.57 0.15 0.99
Laboratory 127 45 28 0.37 0.2 0.53
Demonstrator Interaction 67 25 21 0.42 0.21 0.63
Access Restricted interaction 18 4 3 0.4 0.01 0.63
Restricted observation 48 24 15 0.36 0.12 0.61
Restricted video 4 2 0.24 -0.62 1.11
Behavioural product 2 2 2 0.47 -0.48 1.42
Behavioural Foraging 108 42 27 0.26 0.11 0.41
Context Predator/aversion avoidance 22 6 0.93 0.6 1.26
Reproduction 9 7 5 0.39 0.04 0.74

Table includes the sample sizes, number of studies, and number of species included in each category

comes from chimpanzees, which copy the method used by
low-ranking demonstrators to retrieve food from a puzzle
box over the method used by high-ranking demonstrators
(Watson et al., 2017). Here, copying low-ranking demonstra-
tors might occur when copying high-ranking demonstrators
increases the chance of antagonistic interactions between
observer and demonstrator. Despite some cases of animals
copying in the non-predicted direction, however, the positive
directional effect indicates that, in most cases animals copy
as predicted by theory.

Social dynamics strategies

We found a medium directional effect for social dynamics
strategies (0.44) that was positive. This result means that, as
predicted by theory, the pre-existing relationship between
observer and demonstrator affects social information use
because observers have a bias to copy demonstrators they
know or with whom they share a bond. Because they live
in the same environment as the observers, known or related
demonstrators likely provide more relevant information than
unknown demonstrators (Coussi-Korbel & Fragaszy, 1995;
Hoppitt & Laland, 2013; Laland, 2004). When examining
each of the specific social dynamics strategies, however, not
all of the strategies had a significant directional effect on
social information use.
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The only specific social dynamic strategies with signifi-
cant positive effects were copy familiar and copy kin: ani-
mals copied more when the demonstrator was familiar or
kin than when the demonstrator was unfamiliar or non-kin.
Biased copying of familiar or kin individuals under natu-
ral settings (e.g., learning from mothers over other adults;
Kiriitzen et al., 2005; Van de Waal et al., 2014) might reflect
nothing more than social learning being driven by oppor-
tunity since individuals spend more time in the presence
of familiar individuals or kin. However, our sample only
included studies in which opportunity to acquire social
information from the different types of demonstrators was
equal between observer groups. Therefore, our meta-analysis
provides solid evidence for a social information use bias
towards familiar individuals and kin. These results could
also be the consequence of selective attention towards
individuals with whom an observer shares a bond (Range
et al., 2009; Van De Waal et al., 2010). For example, ravens
(Corvus corax), but not jackdaws (Corvus monedula), pay
more attention to food and object manipulation by individu-
als with whom they shared a high rate of socially positive
behaviours like allopreening (Scheid et al., 2007) compared
to other individuals in the social group. Therefore, it is pos-
sible that familiar and kin demonstrators are copied more
because observers pay more attention to them than to unfa-
miliar or non-kin demonstrators.
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Biased copying of familiar and kin demonstrators sug-
gests that transfer of information within a group of animals
may often start among familiars and kin, and from there
spread along the whole group (Aplin et al., 2014; Van De
Waal et al., 2013). This transfer of information among kin
and especially familiar individuals resembles Network Based
Diffusion Analyses, as these models infers circumstantial
evidence of social learning if a behavioural variant spreads
along a social network (individuals that are familiar to each
other (Hoppitt & Laland, 2011). Transfer of information
among familiars and kin could represent an early stage in
the formation of behavioural traditions. This selective copy-
ing could also explain why certain traditions remain group-
specific, as a bias to copy known over unknown individuals
could limit the spread of behavioural variants among distinct
animal groups, even when groups come in contact (Laland,
2008; Laland & Janik, 2006; Whiten, 2021b).

The directional effects of two other social dynamics strat-
egies, copy breeding partner and copy conspecific, were not
significant. Despite the non-significant directional effect, the
copy breeding partner strategy had a significant absolute
effect, indicating that biased copying occurred but that who
was copied varied: in some cases observers showed a bias
to copy their breeding partner and in other cases observers
showed a bias to copy the non-partner demonstrator instead.
In zebra finches, for example, female observers fed from the
feeder demonstrated by their male partner over the feeder
demonstrated by a non-partner male. However, male observ-
ers fed more from the feeder demonstrated by a non-partner
female than from a feeder demonstrated their female part-
ner (Templeton et al., 2017). One possible explanation for
the behaviour of males is that it could be advantageous to
ensure that their female partner has unrestricted access to
food resources during the breeding stage, which demands
high energy investments from females. Therefore, as copying
their partner could increase competition for valuable food
resources within the pair, males might be more prone to
copy non-partner females instead and avoid copying their
partners. Another possible explanation for copying non-part-
ner females is that males might be seeking opportunities to
mate with other females. This biased copying of non-partner
individuals suggests that not all kinds of social bonds will
necessarily have the same effect on social learning (i.e.,
copying the demonstrator who shares the closest bond). In
some cases, for example when female partners act as dem-
onstrators, competition for resources might affect whether
one type of demonstrator is copied or not.

The non-significant directional effect for the copy conspe-
cific strategy was unexpected given that all but one of the
papers in our sample had positive effects, which indicates a
bias to copy conspecifics over heterospecifics. The non-sig-
nificance of the copy conspecific strategy directional effect
might, therefore, be driven by one single negative effect.

This interpretation is supported by the significant absolute
effect of the copy conspecific strategy, showing that when
the one negative effect is turned to a positive one, the overall
effect becomes significant. The negative effect in our sample
corresponds to an experiment on shiny cowbirds (Molothrus
bonairensis) who acquired a pecking response in slightly
fewer trials after observing a heterospecific demonstrator
(screaming cowbird, Molothrus rufoaxillaris) compared
to a conspecific demonstrator (May & Reboreda, 2005). In
this specific example, copying heterospecific demonstrators
might be influenced by the fact that cowbirds often give
lots of attention to other bird species for nest prospecting,
which could translate into other social learning behaviors.
Thus, showing that under some circumstances the behav-
iour of heterospecifics can also constitute a useful source
of information, and animals can make use of this kind of
information, even when conspecific information is also
available (Avargues-Weber et al., 2013; Hamaélédinen et al.,
2020; Slagsvold & Wiebe, 2017). Nevertheless, in most
cases within our sample animals seem to show a bias to
copy conspecifics over heterospecifics.

Status strategies

We found a small directional effect for status strategies
(0.29) that was positive and significantly different from zero.
This result means that, as predicted by theory, individuals
have a bias to copy high-status demonstrators over low-
status demonstrators. This result is expected because copy-
ing high-status demonstrators would theoretically yield the
better payoff (Boyd & Richerson, 1985;Hoppitt & Laland,
2013 ; Laland, 2004). The size of the status strategies effect,
however, was a small one, which was unexpected as status
or success biases theoretically represent the most benefi-
cial way to use social information and therefore be favored
by selection (Boyd & Richerson, 1985; Hoppitt & Laland,
2013). This claim, however, assumes that high-status indi-
viduals (e.g., larger individuals or dominant individuals)
have reached that condition because they have accumulated
more resources due to their ‘successful behaviour’, which
is not necessarily true. It is not always clear what factors
are the source of an individual’s high-status condition, and
the high-status condition could be based on factors that are
not directly related to an individual’s behaviour (Hoppitt &
Laland, 2013; Laland, 2004). Body size, for example, often
correlates positively with social dominance (Huntingford
et al., 1990) and is significantly influenced by genetics in
species like grass frog tadpoles (Rana temporaria; Pakkas-
maa et al., 2003) and collared flycatchers (Ficedula albicol-
lis; Kruuk et al., 2001), therefore, showing that certain high-
status characteristics like body size and social dominance are
based not on behaviour but on other non-behavioural factors
that cannot be socially learned. Consequently, copying the
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behaviour of high-status individuals does not necessarily
equal copying beneficial behaviors that lead to these high-
status conditions (i.e., successful behaviour).

Each specific effect size within status strategies (e.g.,
copy high-ranking, copy older), was not significantly dif-
ferent from no effect in the directional scale. Each of these
strategies, however, was significant in the absolute scale.
This indicates that each of these status strategies had nega-
tive effects, reflecting a bias to copy low-status individuals.
The bias to copy low-status individuals could be related to
the kind of interactions that observers have with high-status
demonstrators. Antagonistic interactions between observers
and high-status demonstrators could limit the acquisition
and use of information provided by high-status demon-
strators. In the copy high-ranking strategy for example, if
dominant individuals tend to be aggressive towards others,
then observers might actually avoid copying high-ranking
demonstrators, as doing so could lead to attacks from the
dominant individuals if observers join them in their foraging
patch, and copy low-ranking demonstrators instead (Thorn-
ton & Malapert, 2009). A similar effect could occur in the
copy older strategy, where adults might have low tolerance
towards younger individuals and attack them if approached
(Coussi-Korbel & Fragaszy, 1995). It is possible, then, that
antagonistic interactions with certain types of high-status
individuals weaken the effect of status strategies on social
information use, despite the assumed benefits of copying
high-status demonstrators.

Copy females

We found a significant medium effect (0.46) reflecting a bias
to copy females over males in our sample. That females were
copied more than males could be explained by different fac-
tors. In mammals for example, a bias to copy females could
be due to females acquiring some sort of higher affective
value than males, which might be related to the weaning
period where individuals form a strong bond with their
mothers (Schumacher & Moltz, 1985). An experiment on
the African striped mouse (Rhabdomys pumilio), for exam-
ple, found that juveniles preferably acquired information on
novel food from their mothers compared to their fathers,
who also provide parental care in this species (Rymer et al.,
2008). In group-living species like vervet monkeys where
females remain in their native group while males disperse,
bias towards copying females might actually reflect a strat-
egy to copy the philopatric sex (Bono et al., 2018; Van De
Waal et al., 2010). Because members of the philopatric sex
are the ones that remain in their natal group, they might
provide more relevant information about the environment
than dispersing individuals, thus making copy philopatric
sex a type of social dynamic strategy. If copy philopatric sex
were indeed a social learning strategy, then we would predict
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that where there is male philopatry, like in chimpanzees,
males might be preferred as models, at least after mater-
nal attachments wane (Lawson Handley & Perrin, 2007).
These examples suggest that, at least in mammals, mother-
offspring relationships and group-level dynamics can influ-
ence biased copying toward females.

The few cases of males being copied more than females
in our sample all occurred in zebra finches, and mostly when
the observers were females (Benskin et al., 2002; Guillette
& Healy, 2014; Katz & Lachlan, 2003). One possibility is
that in some cases, the bias to copy a specific sex is related
to the observer’s sex (Katz & Lachlan, 2003). If this were the
case, some observers might have a bias to copy members of
the opposite sex, as demonstrators of their same sex could
be perceived as direct competitors.

Experimental procedure and other moderators

Experimental design significantly influenced directional
effect size, with between-subject designs having a larger
— and positive medium — directional effect than within-sub-
ject designs, which had a non-significant directional effect.
These two designs differ in the basic question they are ask-
ing. Within-subject designs ask which of the two demonstra-
tors the observer will copy, and therefore, assume that any
choice made by the observer is social learning. Between-
subject designs, on the other hand, do not assume social
learning is occurring and ask whether the observer will copy
a specific kind of demonstrator or not. Another difference
between the two experimental designs is that in within-sub-
ject designs observers can directly compare both demon-
strators, whereas in between-subject designs observers only
get access to one type of demonstrator and cannot compare
between demonstrator types. It might be possible that when
directly comparing demonstrators (as in within-subject
designs), factors other than the identity of the demonstrator
(e.g., the demonstrator’s behaviour) become more relevant
in determining which demonstrator is copied. Moreover, the
fact that each experimental design is underlined by a dif-
ferent question suggests that the influence of demonstrator
characteristics on social learning is stronger when observ-
ers are making the decision to copy a demonstrator or not
(as in between-subject designs), than when using social
information is the only option available the observers (as
in within-subject designs). It is still unclear, however, why
demonstrator characteristics would influence social learning
especially when deciding whether to copy a demonstrator or
not, and further study on the topic could be relevant to better
understand social learning mechanisms.

In a meta-analysis on the effect of experimental design
on mate-choice experiments, it was found that mating pref-
erences were stronger when tested using a choice design in
which subjects get to choose between two potential mates,
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than when tested using a no-choice design in which subjects
only get access to one potential mate and decide whether to
mate with it or not (Dougherty & Shuker, 2015). The rea-
son for this, the authors argue, could be due to an increased
cost of rejecting potential mates in no-choice tests. How
choice and no-choice designs differ in the access they get to
potential mates (two potential mates to choose from, or one
potential mate with whom to mate or not respectively) makes
within-subject designs analogous to choice designs, and
between-subject designs analogous to no-choice designs.
According to this analogy, our finding that observers were
the most selective when deciding whether to copy or not in
between-subjects designs contradicts the finding that sub-
jects were less selective when choosing whether to mate
or not in no choice designs (Dougherty & Shuker, 2015).
This contradiction might have occurred because rejecting a
breeding partner in no-choice designs could be considered
costly if not given the opportunity afterwards to mate with
another and miss the opportunity to mate altogether. On
the other hand, not copying a demonstrator is a less costly
decision since observers also have the option to use aso-
cial information, thereby giving observers the freedom to
be more selective with whether to copy a demonstrator or
not in between-subject designs (Czaczkes et al., 2019; Dall
et al., 2005; Danchin et al., 2004).

The other secondary moderator with a significant effect
was behavioural context, where the predator/aversion avoid-
ance context had a significantly larger effect compared to
the foraging and reproduction context. This result means
that individuals copied more in the predicted direction in
predator/aversion avoidance contexts, which constitutes an
unexpected result as we would have predicted indiscriminate
social learning in these kinds of aversive situations (Hoppitt
& Laland, 2013). The reason behind this prediction is that
when high costs are involved (e.g., being predated), it would
be beneficial to learn from others’ experience, regardless of
who they are. However, it might be possible that in some
high-cost situations, copying specific individuals is more
beneficial. For example, Siberian jay (Perisoreus infaustus)
juveniles copied the movements of kin adults more than the
movements of non-kin adults in their flock upon a preda-
tor encounter (Griesser & Suzuki, 2016). In these types of
situations, where multiple individuals are responding to
a predator encounter in an aroused manner, having a bias
to copy specific individuals might be better than copying
indiscriminately. Moreover, 20 out of 22 of the studies in
the predator/aversion avoidance context tested for a copy
familiar or a copy kin bias, which are the strategies with the
strongest effect on social learning (e.g., Agee et al., 2019;
Griesser & Suzuki, 2016; Kavaliers et al., 2005). It could
be then that during aversive situations it is beneficial to bias
attention and social information use towards specific types
of demonstrators.

Conclusions

1) Our meta-analysis provides the first quantitative review of
the effects of demonstrator characteristics on social learning.
Our results support the role that demonstrator characteristics
play on the use of social information in animals. Moreover,
demonstrator characteristics were found to influence social
information use in the direction predicted by theory (e.g.,
copying familiar over unfamiliar demonstrators).

2) Social dynamics strategies have a medium directional
effect on social learning, in particular animals have strong
biases to copying others that are familiar or kin.

3) Status strategies have a weak directional effect on
social learning, which is likely due to status strategies con-
taining a relatively large number of experiments in which
animals copied in the non-predicted direction.

4) Experimental design plays a role in the effect of dem-
onstrator characteristics on social learning: between-subject
experiments had stronger effects compared to within subject
experiments. This result could mean that when observers
have the opportunity to compare both types of demonstrators
at the same time (as in within-subject designs), demonstrator
characteristics become less relevant when selecting whom
to copy.

5) Overall, our findings support a role of demonstrator
characteristics on social learning with strong implications
on the formation and establishment of cultural traditions in
animals. The familiarity and kinship of the demonstrators
seem to be key factors for the transfer of information within
a group of animals. These findings also provide groundwork
for future studies that might explore (a) how demonstrator
characteristics promote and/or limit the spread of informa-
tion in a population, and (b) how these who strategies influ-
ence the formation and establishment of cultural traditions.
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