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ARTICLE INFO ABSTRACT

This study examined whether a history of beneficial social learning experiences affects social partner preferences
in laboratory mice (Mus musculus) and whether observer mice acquire adaptive model-based social learning
strategies through associative learning. We tested whether observers would come to socially prefer demon-
strators who provide beneficial information through the social transmission of food preference (STFP), over
demonstrators who do not; and whether they would preferentially attend to and learn from such demonstrators.
Observers were given repeated exposures to two demonstrators who differed in whether or not they consistently
provided beneficial information (which increased observers’ ingestion of food via the STFP). After multiple social
learning experiences with a “relevant demonstrator” (our CS+) whose demonstrated food was available for
consumption (our US) by the observer and a “non-relevant demonstrator” whose demonstrated food was never
encountered, neither demonstrator was preferred over the other. Furthermore, observers learned equally well
from both relevant and non-relevant demonstrators. The present findings suggest that adaptive model-based
social learning strategies are not followed in the STFP, although we recommend further testing of the social
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preference hypothesis.

1. Introduction

Group living can have many benefits, including enhanced abilities
to detect predators and food sources, and opportunities for social
learning. Social learning is an adaptive strategy for acquiring new
useful information in which “learning is influenced by observation of,
or interaction with, a conspecific or its products” (Heyes, 1994, p. 207;
see also Hoppitt and Laland, 2008; Nicol, 1995). It allows ‘observer’
individuals to reap fitness benefits by copying others (‘demonstrators’),
so avoiding the costs (e.g. risks of poisoning or predation) associated
with trial-and-error learning (Boyd and Richerson, 1985). Within a
social group, however, interactions between group-living conspecifics
are typically not random (e.g. Holmes, 1988; Seyfarth and Cheney,
2012). Instead, some social partners are generally preferred over others,
such that greater amounts of time, proximity, energy or affiliation are
allocated to some individuals over others (Seyfarth and Cheney, 2012;
Terranova et al., 2000); and opportunities for social learning from
different group-mates thus differ too (Coussi-Korbel and Fragaszy,

1995).

Dugatkin and Sih (1995) hypothesized that such social partner
preferences are likely whenever choosing particular partners benefits
an individual’s fitness (e.g. by enhancing the chooser’s own foraging
success). For example, consistent with this idea, guppies develop pre-
ferences for trained conspecifics who had successfully employed a task
to gain food (Lachlan et al., 1998); and long-tailed macaques (Macaca
fascicularis) preferentially interact with proficient tool users, when
foraging for hard-shelled invertebrates, fruit, and seeds (Tan et al.,
2018). Associative learning is one possible mechanism for the emer-
gence of such preferences. After all, social partner preferences can be
experimentally conditioned in the laboratory by repeatedly pairing a
particular individual (the CS+) with a pleasant experience, the US (e.g.
Coria-Avila, 2012): a form of Evaluative Conditioning (cf. De Houwer,
2011), known as ‘Conditioned Social Preference’ (e.g. evident in both
mice [Kent et al., 2014, 2013] and rats [Coria-Avila et al., 2005;
Tecamachaltzi-Silvaran et al., 2017]). One principle aim of this current
study was to therefore see if social partner preference could similarly be
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conditioned in mice, but via social learning, because, as we review next,
social animals should have evolved mechanisms for detecting and re-
sponding to those demonstrators whose information is most likely to
benefit them.

In any group, individuals will differ in their foraging abilities (e.g.
Giraldeau, 1984). Using social information is therefore not always
beneficial (Boyd and Richerson, 1985; Giraldeau et al., 2002; Kendal
et al., 2005): socially acquired information may sometimes provide no
benefit to the observer, or even be costly (e.g. resulting in lost oppor-
tunities, time and energy that the observer could have spent elsewhere).
Laland (2004)’s Social Learning Strategy theory therefore proposes that
social learning is not indiscriminate between demonstrators, but instead
strategic, with observers using various heuristics to inform from whom
they should learn (“who” or “model-based” strategies). For example,
observers should preferentially attend to and learn from more knowl-
edgeable and/or successful demonstrators (as indicated by the pay-off the
demonstrator gains from a behaviour, or via proxies of success such as
age and/or social status: Boyd and Richerson, 1985; Mesoudi, 2008)
over unknowledgeable and/or unsuccessful ones because, theoretically,
such strategies are likely to increase their probabilities of acquiring
beneficial information (Kendal et al., 2018; Laland, 2004). Evidence for
this comes primarily from primates (cf. Kendal et al., 2018). For in-
stance, chimpanzees (Pan troglodytes) preferentially attend to the oldest,
highest-ranking individuals (Kendal et al., 2015) as well as trained over
untrained demonstrators (Kendal et al., 2015); vervet monkeys
(Chlorocebus pygerythrus) preferentially attend to and copy the foraging
tactics of the philopatric sex, perhaps because they have more knowl-
edge of the local environment (van de Waal et al., 2010); and tufted
capuchins (Sapajus spp.) learning to break open nuts, preferentially
attend to proficient, productive nut-crackers (Coelho et al., 2015). But
perhaps more important than demonstrator attributes alone is that
when observers preferentially attend to certain demonstrators, doing so
should increase their own rate of reward. Observers are thus likely to
learn who provides beneficial information via associative learning
(Heyes and Pearce, 2015; Heyes, 2016). Selective attention to the most
proficient nut-crackers in tufted capuchins for example, was likely be-
cause the most nuts could be scrounged from these individuals (Coelho
et al., 2015; see also Ottoni et al., 2005; Tan et al., 2018 for similar
examples). Such associative learning effects should then cause ob-
servers to preferentially attend to, copy, and seek out the most relevant
demonstrators, thereby increasing proximity and thus further oppor-
tunities for social learning (see Coussi-Korbel and Fragaszy, 1995).

In laboratory rodents, social learning research often focuses on the
social transmission of food preference (STFP). Here, naturally food
neophobic rodents, most commonly Norway rats (Rattus norvegicus: e.g.
Galef, 1996; Galef and Wigmore, 1983) and house mice (Mus musculus:
e.g. Valsecchi and Galef, 1989), develop preferences for novel foods
whose odours are detected on the breath of a conspecific. The food
odour must be encountered on the breath of a living demonstrator:
carbon disulfide (CS,), a gas found at high concentrations in expired
breath, drives the STFP (Bean et al., 1988; Galef et al., 1988). Thus,
exposure to a novel food on its own, or with a conspecific simply nearby
is not sufficient to induce a preference (e.g. Choleris et al., 2011; Ervin
et al., 2015; Valsecchi and Galef, 1989). STFP arguably functions to
expand feeding repertoires and can be particularly useful when such
animals forage from a central place (e.g. a nest), especially when food
availability and distribution are unpredictable (e.g. Ward and Zahavi,
1973). Thus in theory, when successful foragers return to the colony
after exploiting a novel food patch, observer rodents can use this in-
formation to facilitate their own consumption of these novel foods
during their own future foraging attempts; observers thereby increase
their own rates of foraging due to reduced food neophobia (for evidence
see Galef, 1983; Galef and Wigmore, 1983; Valone, 1989).

However, foraging efficiency is only increased if the observers are
able to access this novel food and so reap these benefits of the STFP.
Consequently, the benefits of learning from successful foragers may not
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be equal: demonstrators accessing large, close or rapidly replenishing
patches of food which subsequent observers can then exploit would be
very beneficial to attend to, compared to demonstrators who access
distant, small or depleted sources that are difficult or impossible for
observers to exploit themselves. Thus, observers should - if strategic —
learn which individuals regularly carry beneficial information, de-
monstrating novel foodstuffs that observers can not only actually obtain
for themselves, but also readily exploit thanks to the neophobia-redu-
cing effects of STFP. We will term such individuals “relevant demon-
strators”.

Thus, in principle, adaptive model-based Social Learning Strategies
would be advantageous for rodents using the STFP, assuming that
colony-members differ in their provision of beneficial information.
Despite this, the STFP was not discussed in the most recent review of
Social Learning Strategy theory (Kendal et al., 2018). Furthermore,
experimental investigation into the use of such model-based strategies
in STFP has to date yielded equivocal results, at least in rats. For ex-
ample, some studies indicate that observer rats will preferentially learn
from healthy demonstrators, over sick ones (Hishimura, 2000; Kuan
and Colwill, 1997). However, other studies indicate that rats learn
equally well from both (Galef et al., 1990b, 1983; Galef and Whiskin,
2000); and also that they will learn from demonstrators rendered un-
conscious via anesthesia (Burne et al., 2009; Galef et al., 1983; Nicol
et al., 2014). Furthermore, observer rats will even continue to learn
from demonstrators whose information has made the observer sick
(Galef et al., 1999; Agee and Monfils, 2018). In contrast, the few studies
done with house mice suggest they may use model-based strategies in
the STFP: behaviourally abnormal mice exhibiting high levels of ste-
reotypic behaviour (e.g. repetitive route-tracing or bar-mouthing) tend
to be less effective demonstrators than non-stereotypic mice (Harper
et al., 2015); and pups are less efficient demonstrators than adult mice
(Choleris et al., 1997). The STFP can also be modulated by familiarity
between observers and demonstrators in mice (Forestier et al., 2018) as
well as in rats (Galef et al., 1998; Galef and Whiskin, 2008; Agee and
Monfils, 2018) and gerbils (Meriones unguiculatus: Valsecchi et al.,
1996). The adaptive value is unclear in these last examples (they might
better be termed ‘biases’ than ‘strategies: S.J. Shettleworth, personal
communication), but they do at least confirm that the STFP is sensitive
to effects of demonstrator identity.

Here, we therefore investigate whether laboratory mice (Mus mus-
culus) learn, via associative mechanisms, to use “copy relevant foragers”
(demonstrators who consistently carry beneficial information), and/or
“do not copy irrelevant foragers” (demonstrators who consistently carry
information that is not beneficial), as model-based strategies in the
STFP. We also investigate whether they would acquire a social pre-
ference for the proximity of relevant demonstrators. Our experiments
involved female mice, who reliably display robust STFP (e.g. Choleris
et al., 2011; Clipperton et al., 2008; Ervin et al., 2015; Phan et al., 2012,
2011; Valsecchi and Galef, 1989). They are also highly sociable, and
have non-random individual partner preferences for other females (e.g.
Weidt et al., 2014, 2008). Experiment 1 is a pilot in which we tested
whether we could condition a social preference for a “relevant de-
monstrator” with the STFP. In summary, observer mice were given the
opportunity to learn who provides beneficial information (i.e. by in-
creasing observers’ ingestion of food via the STFP) by repeatedly in-
teracting with a “relevant demonstrator” (our CS+) who consistently
provided information about safe novel foods which were then made
available for consumption (our US) by the observer; as well as with a
“non-relevant demonstrator” (our CS-) who only ever provided in-
formation about novel foods which the observers then never en-
countered. We hypothesised that if social learning influences partner
preferences in an adaptive way, such that a history of relevant flavour
demonstration induces social preferences in observer mice, and/or a
history of irrelevant flavour demonstration induces avoidance, then
“relevant demonstrators” should come to be socially preferred over
“non-relevant demonstrators”. Experiment 2 replicates Experiment 1
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with similar but improved methodology and larger sample size. Ex-
periment 2 also tests the hypothesis that demonstrator relevance shapes
which individuals observer mice will learn food preferences from; this
predicts that when given a choice, observers should preferentially learn
from relevant and/or discount non-relevant demonstrators, such that
flavour preferences acquired from the formerly “relevant demonstra-
tors” are stronger and/or food preferences from the formerly “non-re-
levant demonstrators” are weaker or even absent. Combined, the two
studies then provide a more robust test of our hypotheses by both in-
creasing sample size and thus statistical power, and demonstrating the
replicability of our results.

2. Methods
2.1. Experiment 1 (Pilot)

2.1.1. Study animals and housing

We used CD1 mice because they are gregarious (e.g. Terranova
et al., 1963), and females as the more affiliative sex (Terranova et al.,
1963). All mice were purchased from Charles River Laboratories
(Quebec, Canada). To reduce the number of animals, demonstrator
mice (N = 22) were re-used from a previous experiment in which they
had been ovariectomized at around 10 weeks of age (as have been used
successfully in past work: Clipperton et al., 2008; Ervin et al., 2015;
Phan et al., 2011, 2012). They were 20-24 weeks old at the start of this
study. Observer mice (N = 11) were purchased for this experiment and
upon arrival, left undisturbed for a 2-week acclimation period; left
gonadally intact; and approximately 10 weeks of age at the start of the
study. After acclimation, and five days before testing, mice were housed
in groups of three with one observer and two demonstrators (one ran-
domly assigned to be the relevant demonstrator, and the other the non-
relevant). Mice lived in these trios for the 19 days of the experiment.
Since familiarity influences mouse social preferences (e.g. Nagy, 1965)
all procedures were run with both demonstrators present with their
observer, except during experimental feeding when all mice were fed
individually. Thus, at the time of testing, both demonstrators were
equally familiar to their observer.

Mice were housed in polyethylene laboratory cages measuring
27 x 16 x 12 cm (length X width X height, Allentown Inc.), furnished
with corn cob bedding and nesting material (Envigo, Mississauga,
Ontario, Canada), a paper cup for shelter and a wood tongue depressor
for chewing (Fisher Scientific, Ottawa, Ontario, Canada). Rooms were
maintained at 21 * 1°Cand on a 12:12 reversed dark/light cycle, with
lights off at 0800h so that daytime testing corresponded with the
nocturnal mouse active period. Food and water were given ad libitum
(except during food deprivation: see below); mice were fed a main-
tenance laboratory rodent diet (Harlan® Teklad Global Diet,
Mississauga, ON, Canada [14% protein]). On each experimental day, all
mice were moved from the colony room to the experimental room 12h
before testing to habituate. Over the course of the experiment, observer
body weights and home cage food consumption were measured each
night (2000 h) to monitor the effects of food deprivation. Procedures
were approved by the Animal Care Committee of the University of
Guelph (AUP # 3302) in accordance with the Canadian Council on
Animal Care recommendations.

2.1.2. Baseline social preference

A baseline assessment of observers’ preferences for their two de-
monstrators was conducted on Day 1 of experimentation.
Demonstrators were removed from the home cage 24 h beforehand to
ensure pronounced social investigation upon reunion (e.g. Lister and
Hilakivi, 1988). For the test, demonstrators were contained in clear
Plexiglas cylinders (7 cm diameter, 12 cm high) with 36 holes (4 mm
diameter) drilled into the bottom allowing for the passage of olfactory
cues (Choleris et al., 2006). Demonstrators were habituated to these
cylinders three days before Day 1 of experimentation by repeated bouts

Behavioural Processes 169 (2019) 103983

of containment increasing in duration (starting with 2 min. ending with
20 min.) until they showed no visible signs of distress. The two de-
monstrator containing cylinders were simultaneously placed into their
respective observer’s home cage, counterbalanced by side (left, right)
across cages for a 20 min investigation period (as is common in social
preference studies; e.g. Crusio, 2001), that was recorded under red light
with an Everio camcorder (JVC, Mississauga, ON, Canada) mounted on
a tripod approximately 30 cm above the cage. The recorded interactions
were then scored for investigation of each demonstrator (active sniffing
within ~2mm of the perforations of the stimulus cylinders) and cy-
linder-directed activity (including sniffing the part of stimulus cylinder
without holes, digging at the base of the cylinder, biting the perfora-
tions, and burying the cylinder with bedding: e.g. Phan et al., 2012,
2011), all using Observer Video Analysis software (Noldus Information
Technology, Wageningen, The Netherlands).

2.1.3. Social learning experiences

Starting on Day 2 of experimentation, seven social learning ex-
periences (SLEs), provided observers with opportunities to learn,
through the STFP, the predictive value of their relevant demonstrator
(CS+) whose breath odour predicted a novel food the observer could
consume (US), versus the non-relevant demonstrator (CS-) whose
breath odour did not predict this US. Both demonstrators provided ol-
factory cues about novel foods to the observer. This design was opted
for (rather than having the non-relevant demonstrator smell of nothing
or a familiar scent) to avoid effects of novelty preference, which would
otherwise have been a confound. This number of pairings should be
sufficient to condition social preferences (e.g. Kent et al., 2013 and
Wood et al., 2015 successfully used as few as four pairings of a social
stimulus with a highly salient US, such as ethanol or oxytocin).

Each demonstrator (relevant and non-relevant) was fed one of two
novel foods (made fresh every morning by mixing powdered rodent
chow with the flavourings [proportions by weight]) for each SLE, which
were counterbalanced for demonstrator relevance (e.g. on SLE 1 half of
the relevant demonstrators were fed anise, with the corresponding non-
relevant demonstrator fed marjoram, the other half of the relevant
demonstrators were fed marjoram and the corresponding non-relevant
fed anise). Flavours were presented in this order: anise (2%) and mar-
joram (2%) for SLE 1, clove (1%) and cumin (1%) for SLE 2, ginger
(1%) and coriander (1%) for SLE 3, mint (1%) and oregano (1%) for
SLE 4, sage (1%) and onion (1%) for SLE 5, garlic (1%) and nutmeg
(1%) for SLE 6, and basil (1%) and mustard (1%) for SLE 7. Flavours
were mostly chosen from the existing literature on the STFP in rats and
mice (e.g. Herrera et al., 2008; Strupp et al., 1990; Vale-Marto Anez
et al., 2002), but flavour pairings and concentrations used were not
tested for equipalatabilty. The SLEs were run consecutively (one SLE a
day) except for a 24 h break after SLE 4 when cages were cleaned since
this procedure can be stressful to the mice (e.g. Balcombe et al., 2004).
All mice were food deprived for 12h each night before a SLE (during
the light phase when food consumption is normally low; e.g. Clipperton
et al.,, 2008) to ensure adequate food consumption the following
morning.

The demonstrators were fed individually in clean polyethylene
cages (27 X 16 x 12cm) for 1h. Flavoured food was presented in a
cylindrical glass jar 5cm high and 7.5cm in diameter (Dyets Inc.,
Bethlehem, PA), with a stainless-steel cover with a hole (2.5 cm dia-
meter) and a perforated stainless-steel disk being placed on top of the
powdered food to reduce digging and spillage, and ensure accurate
measures of food consumption (Clipperton et al., 2008). Food intake
was determined by weight to 0.01 g precision with a digital scale
(Sartorius Corp., Edgewood, NY) and demonstrators were required to
eat a minimum of 0.10 g of food. Demonstrators met this criterion on all
but one instance (average consumption 0.74g; range of 0.08-1.60
across SLEs). After feeding, the demonstrators were placed in the
Plexiglas cylinders and simultaneously presented to the observers in the
home cage (counterbalanced by side) for a 20 min investigation period
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that was video recorded and scored for observers’ relative investigation
- namely, active sniffing within ~2 mm of the perforations of the sti-
mulus cylinders (Phan et al., 2011, 2012) - of each demonstrator (re-
levant, non-relevant) using Observer Video Analysis software. After
each investigation period, the observers were immediately fed (from
the glass jars like those used for the demonstrators) the same food that
had been fed to their relevant demonstrator for 1 h. The observers were
never given the food consumed by the non-relevant demonstrator.
Thus, the relevant demonstrator provided multiple opportunities for
observers to utilize their social learning, while the non-relevant de-
monstrator did not. Observer food intake was checked by weight of the
food jars to 0.01 g precision. Observer mice ate on average 0.69 g of
food in the 1-h feeding period (range: 0.10-1.25 g). This procedure was
repeated for all seven SLEs.

2.1.4. Final social preference

To re-assess the observers’ relative preferences for the two demon-
strator types, the same procedures were followed as for the baseline
social preference test. But here, removing demonstrators from the home
cages for 24h beforehand was done not only to ensure social in-
vestigation, as before, but also to allow any dietary olfactory cues on
their breath to dissipate to a level undetectable by observers (validated
in pilot testing), as to not influence observers’ investigation of their
demonstrators. Video recorded interactions were scored as described in
the baseline social preference test.

2.2. Methods experiment 2

2.2.1. Study animals and housing

As in Experiment 1, female CD1 mice from Charles River
Laboratories were used. Observers (N = 30) were between 10 and 12
weeks of age at the start of the experiment, while the demonstrators
(N = 60) were aged 12-15 and 14-17 weeks. Demonstrator mice were
re-used from a previous experiment (except this time they were go-
nadally intact, as in Choleris et al., 2011, 1997), while observer mice
were purchased. Because of the larger sample size, mice were run in
two successive cohorts to which observers were randomly assigned
(n = 15 per cohort). Experimentation lasted 15 days/cohort (total 30
days of experimentation). As in Experiment 1, procedures were always
run with both demonstrators in the presence of their observer, except
for experimental feeding, where all mice (observers and demonstrators)
were fed individually. Housing, lighting, and feeding, and general ex-
perimental procedures followed Experiment 1. Body weights and home
cage food consumption were not monitored because they had not been
affected in Experiment 1.

2.2.2. Baseline social preference

Like in Experiment 1, we took a baseline measure of observers’
preferences for each of their demonstrators (relevant and non-relevant
demonstrators). Procedures followed those of Experiment 1, with one
exception: only the first 10 min of the social interaction was video re-
corded because in Experiment 1, observer investigation of demonstra-
tors during the first 10 min of social interaction strongly predicted their
investigation over the full 20min interaction period (r = 0.82, t
(117) = 19.62, p = 0.000). The video recorded interactions were again
scored as previously described for the baseline social preference test in
Experiment 1, and by the same experimenter, but this time the ex-
perimenter was blind to the identity of each demonstrator.

2.2.3. Social learning experiences

The SLEs commenced the next day. We increased the number of
flavours used for each SLE from 2 to 4 (each observer receiving 1 of the
4 flavours per SLE), so increasing the variation in palatability and at-
tractivity of the foods each day; and we also increased the number of
SLEs from seven to eight. For practicality, observers and their respective
demonstrators were randomly divided into two batches (Batch 1 n = 8;
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Batch 2 n = 7 observers) run one after the other on the same experi-
mental day. Batch 1 received their novel food (counterbalanced for
demonstrator relevance as outlined in Experiment 1) in this order:
parsley (2%) and rosemary (1%) for SLE1, anise (2%) and marjoram
(2%) for SLE 2, ginger (1%) and coriander (1%) for SLE 3, sage (1%)
and onion (1%) for SLE 4, basil (1%) and mustard (1%) for SLET 5,
clove (1%) and cumin (1%) for SLE 6, mint (1%) and oregano (1%) for
SLE 7, and garlic (1%) and nutmeg (1%) for SLE 8; Batch 2 received
these flavours (counterbalanced for demonstrator relevance as outlined
in Experiment 1) in the reversed order.

All mice were food deprived for 12h before each SLE. On the
morning of testing, Batch 1 demonstrator mice were fed first (0800 h) in
clean polyethylene cages for 1 h, using the same feeding jars described
in Experiment 1. Batch 2 demonstrator mice were fed after (1000 h),
with cleaned cages (50% ethanol and water) re-used from Batch 1 and
feeding jars (cleaned with unscented soap, baking soda, and water).
Demonstrators were again required to eat a minimum of 0.10 g of food.
Demonstrator mice ate on average 0.85 g (range 0-3.62 g). The relevant
demonstrator for Observer 22 ate 0 g on SLE 5 & 6, and thus Observer
22 was excluded from all analyses. Observer mice ate on average 1.00 g
of food in the 1-hr feeding period (range: 0.10-3.50 g). A “break” (48 h)
in the SLEs was implemented after SLE 4 for cage changes. The same
experimenter as in Experiment 1 scored the interactions as previously
described for the SLEs in Experiment 1, this time using JWatcher
Version 1.0 (Sinauer Associates Inc., Massachusetts, United States).

2.2.4. Final social preference

After the last SLEs demonstrators were removed from their ob-
servers’ home cage 24h before the final social preference test.
Procedures were the same as in Experiment 1. Observer investigation of
their demonstrators and cylinder-directed activity was scored by the
same experimenter, but this time blind to demonstrator identity, using
Observer Video Analysis software

2.2.5. The social transmission of food preference (STFP)

After the last social learning experience, we assessed the observers’
preferences for the foods eaten by each of their demonstrators (relevant
and non-relevant). All mice were food deprived for 12 h before the test.
On the morning of testing, demonstrator mice were individually fed
novel foods from the same jars used in the SLEs in clean polyethylene
cages for 1h. All demonstrators (relevant and non-relevant) were fed
either 2% cocoa (Fry’s Premium Cocoa, Cadbury Ltd., Mississauga,
Canada) (n = 30) or 1% cinnamon (McCormick Ground Cinnamon,
McCormick Canada, London, Canada) (n = 30) counterbalanced for
demonstrator type. The cinnamon and cocoa flavoured diets were
previously established as generally equipalatable to female CD1 mice
obtained from Charles Rivers (Choleris et al., 2011; Clipperton et al.,
2008) but we counterbalanced the use of these two flavours between
relevant and non-relevant demonstrators because palatability varia-
tions in different batches of mice are common. Food intake was de-
termined by weight to 0.01 g precision and demonstrators were re-
quired to eat a minimum of 0.10 g of food: none needed to be excluded
(average consumption was 0.93 g; range 0.24-2.04 g).

After feeding, demonstrators were placed in the Plexiglas cylinders
and placed into the home cage, counterbalanced by side (left, right) for
the observers to investigate. This time both demonstrators, not just the
relevant one, would predict novels foods that would be presented to the
observer. Observers were given 20 min to investigate their demonstra-
tors. This interaction was scored by the same experimenter, blind to
demonstrator identity, for observers’ investigation — again active
sniffing within ~2 mm of the perforations of the stimulus cylinders — of
each demonstrator (relevant, non-relevant) using Observer Video
Analysis software. After the interaction, the observers were tested for
food preferences in polyethylene cages (37 x 21 x 19 cm) with two
food magazines affixed to one side (Tecniplast, Varese, Italy), which
had removable food trays, each with an apron to catch spills and allow
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for precise measurements of intake (Clipperton et al., 2008; Valsecchi
and Galef, 1989). Observers were given 1h of access to 1% cinnamon
and 2% cocoa flavoured diets for consumption, and food intake was
determined by weight of the food trays to 0.01 g precision. Thus ob-
servers were able to consume both flavoured foods demonstrated by the
different demonstrators (relevant and non-relevant) (cf. e.g. Galef et al.,
1990a; Galef and Whiskin, 2000, 2004; Kuan and Colwill, 1997). Only
observers who ate more than 0.01 g were included in the analysis; in
practice this meant all of them. Observer mice ate on average 0.81 g of
flavoured food in the 1-h food choice test period (range: 0.24-1.91 g).

2.3. Statistical analyses

Statistical analyses were performed using IBM SPSS Statistics,
Version 24 and 25 for Windows (SPSS Inc., Chicago, IL) and JMP (SAS
Institute Inc. Cary, NC). The Shapiro-Wilk test was used to assess nor-
mality of studentized residuals from the General Linear Models. Data
with non-normal residuals were transformed using either square-root,
logarithmic or Box-Cox transformations. The studentized residuals from
each model were plotted against the predicted values to assess fulfill-
ment of the homogeneity of variance assumption for all models. All data
appeared homogeneous.

Analyses were conducted to test the following predictions: (1) that
after multiple social learning experiences, observers would direct more
social investigation towards the relevant demonstrator than the non-
relevant demonstrator, during both the final social preference test (in
which dietary olfactory cues were absent) and the final STFP interac-
tion (in which dietary olfactory cues were present), and also during the
later SLE trials; and (2) that observers will learn the STFP better from
the relevant than the non-relevant demonstrator.

2.3.1. Investigation of and preference for relevant and non-relevant
demonstrators

Social investigation times were analysed using Mixed General
Linear Models with greater investigation durations indicating greater
social/investigative preference (Harrison et al., 2016). Separate ana-
lyses were run for: the social preference tests (model: test [baseline,
final] and demonstrator [relevant, non-relevant] and their interaction
as repeated measures, plus observer as a random effect); the social
learning experiences (model: SLE [with day as a continuous effect],
demonstrator [relevant, non-relevant] and their interaction as repeated
measures, with observer as a random effect); and the STFP (model:
demonstrator [relevant, non-relevant] as a repeated measure, with
observer as a random effect). The first two models were then re-run
with Experiment 1 and Experiment 2 combined (blocking by Experi-
ment) to enhance statistical power and to investigate (using the inter-
action term) whether any effects differed between the two experiments.
Observers’ social preference for their demonstrators was also re-ex-
amined using total cylinder directed activity (the sum of the time spent
sniffing the cylinder perforations, sniffing the part of stimulus cylinder
without holes, digging at the base of the cylinder, biting the perfora-
tions, and burying the cylinder) for the social preference tests (model:
test [baseline, final] and demonstrator [relevant, non-relevant] and
their interaction as repeated measures, plus observer as a random ef-
fect). This was to check that our non-significant findings were not just
artefacts of the ‘sniffing’ variable initially measured.

Observer 33’s datum from the final social preference test, the STFP
test, and SLE 5-8 was dropped from the analyses because her relevant
demonstrator did not eat any food on two of the SLEs (5 and 6).
Observer 31 escaped from the cage during observation on SLE 4, and
thus her data for SLE 4 was dropped from the analysis on SLEs. Data
from Observer 7, 8 & 9 were also missing from SLE 5 due to a lost video
file; the missing data were imputed using Multiple Imputation via
Linear Regression model and the Monotone method.
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2.3.2. The social transmission of food preference (STFP)

Social learning from the relevant versus non-relevant demonstrator
was assessed by examining observers’ flavour intakes using a Mixed
General Linear Model (with demonstrator type [relevant, non-relevant]
as the repeated measure, flavour [cinnamon, cocoa] as the between-
subjects variable, their interaction, and observer as a random effect).
Only demonstrators and observers who ate =0.10 g of food were in-
cluded in these analyses (Clipperton et al., 2008).

2.3.3. Power tests on social preference data

To evaluate whether our non-significant preference results could
have been Type II errors, we first calculated the effect sizes for partner
preference found in Conditioned Social Preference studies where one
conspecific was a CS+, another a CS— using female mice as both
subjects and stimuli (Kent et al., 2013; Kosaki and Watanabe, 2016;
Wood et al., 2015). Effect sizes in these studies were all large (Cohen's
d = 0.97-2.12). We then used a sample size calculator (Dhand and
Khatkar, 2014) to assess our ability to detect effect sizes this large in
our own preference tests in Experiment 1 and 2 alone, and across both
experiments pooled.

3. Results
3.1. Experiment 1 (Pilot)

3.1.1. Investigation of and preference for relevant and non-relevant
demonstrators

3.1.1.1. Social preference tests. Analysis of observers’ investigation of
relevant and non-relevant demonstrators in the social preference tests
found no main effect of test (baseline versus final: F (1, 34.29) = 1.07,
p = 0.308), nor of demonstrator type (F(1, 34.29) = 0.28, p = 0.600),
and importantly, no interaction between them (F(1, 34.29) = 0.01,p =

0.930) (Fig. 1). Likewise, observers’ total cylinder -directed activity (as
an index of social proximity) yielded similar results: observers directed
significantly less activity towards their demonstrators in the final test
compared to the baseline (F(1, 36.83) = 5. 02, p = 0.031), but did not
differentially direct activity towards either demonstrator (relevant
versus non-relevant: F(1, 36.83) = 0,22, p = 0.639), with again, no
interaction between test and demonstrator type (F(1, 36.83) = 0.03,
p= 0.865). There was thus no a priori preference for either
demonstrator, and furthermore, preferences did not change by the
final social preference test.

3.1.1.2. Social learning experiences. Examination of observers’
investigation during the social learning experiences showed a
significant decrease in demonstrator investigation duration over all
SLEs (F(1, 85.82) = 100.70, p = 0.000) but with no differences
between demonstrators (F(1, 78.00) = 0.25, p = 0.621), nor any
interaction between demonstrator type and SLE number (F(1,
85.82) = 0.30, p = 0.588) (Fig. 2). Thus, over the course of the SLEs,
observers spent less time investigating all demonstrators, regardless of
whether they were relevant or non-relevant.

3.2. Experiment 2

3.2.1. Investigation of and preference for relevant and non-relevant
demonstrators

3.2.1.1. Social preference tests. Analysis of observers’ investigation of
relevant and non-relevant demonstrators in the baseline and final social
preference tests revealed a significant main effect of test (baseline
versus final: F(1, 110.62) = 3.95, p = 0.049), but no main effect of
demonstrator (F(1, 110.62) = 0.00, p = 0.992), nor any interaction
between test and demonstrator type (F(1, 110.62) = 0.27, p = 0.604)
(Fig. 7). The effect of test was explained by the fact that unexpectedly,
the relevant demonstrator was investigated significantly more in the
baseline than the final test ({(28) =2.20, p = 0.036), whereas
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Fig. 1. Investigation duration of relevant and non-relevant demonstrators during the baseline and final (i.e. after seven Social Learning Experiences) social preference
tests for Experiment 1 (the pilot) (N = 11 observer mice). Error bars represent = 1 SE.

investigation of the non-relevant demonstrator did not change (t
(28) = 1.52, p = 0.140) (Fig. 3). But the important result here is that
relevant demonstrators did not attract more investigation after the
SLEs. Likewise, comparing observers’ cylinder-directed activity
(indexing social proximity) yielded a significant main effect of test (F
(1, 111.29) = 6.18, p = 0.014, for the same reasons as for sniffing
alone) but no main effect of demonstrator (F(1, 111.29) = 0.07, p =
0.68), nor any effect of the interaction between test and demonstrator
type (F(1,111.29) = 0.17,p = 0.682). Thus overall, the social learning
experiences did not cause the observers to prefer the relevant
demonstrators.

3.2.1.2. Social learning experiences. The investigation of both relevant,
and non-relevant demonstrators showed a significant decrease over the
SLEs (F(1, 238.96) = 349.34, p = 0.000), but with no effect of
demonstrator type (F(1, 223.36) = 0.53, p= 0.470), nor any
interaction between demonstrator type and SLE number (F(1,
238.96) = 0.00, p = 0.990) (Fig. 4). Thus, as in Experiment 1,
demonstrator investigation decreased over time, but similarly for
both relevant and non-relevant demonstrators.

Mean Investigation Duration (s)

1 2 3 4

5

3.2.1.3. Investigation during the STFP test. The investigation durations
for the relevant and non-relevant demonstrators were again assessed in
the final STFP test (run after the SLEs), during which both
demonstrators smelled of novel foods (one smelling of cinnamon, the
other of cocoa). There was no significant difference in observers’
investigation of relevant and non-relevant demonstrators (F(1,
53.70) = 0.00, p= 0.970) (Fig. 5). Observers thus showed no
investigative preference for relevant demonstrators during the STFP
test.

3.2.2. The social transmission of food preference (STFP)

Analysis of the observers’ flavoured food intake revealed a sig-
nificant main effect of flavour (F(1, 53.90) = 18.13, p = 0.000), but no
interaction with demonstrator type (F(1, 53.90) = 1.55,p = 0.219) nor
any main effect of demonstrator type (F(1, 53.90) = 0.68, p = 0.414)
(Fig. 6). Thus, observers did not prefer a flavour when demonstrated by
relevant demonstrators over the same flavour when demonstrated non-
relevant demonstrators.

[ERelevant Demonstrator
[ENon-Relevant Demonstrator

6 7

Social Learning Experience

Fig. 2. Mean investigation duration of demonstrators (relevant, non-relevant) during social learning experiences 1 through 7 for Experiment 1 (the pilot) (N = 11

observer mice). Error bars represent = 1 SE.
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Fig. 3. Investigation duration of the relevant and non-relevant demonstrators during the baseline and final (after eight social learning experiences) social preference

tests for Experiment 2 (N = 30 observer mice). Error bars represent + 1 SE.
*p < 0.05.

3.3. Data from experiment 1 and experiment 2 pooled

3.3.1. Investigation of and preference for relevant and non-relevant
demonstrators

3.3.1.1. Social preference tests. Combining observers’ investigation data
from Experiment 1 and Experiment 2 to enhance statistical power
revealed a significant effect of test (baseline versus final: F(1,
150.33) = 4.13, p = 0.044), but again no effect of demonstrator type
(F(1, 150.33) =0.32, p= 0.574), nor any interaction between
demonstrator type and test (F(1, 150.33) = 0.16, p = 0.693) (Fig. 7).
There was a significant effect of experiment (F(1, 151.52) = 34.29,p =
0.000), but no significant interactions with test (F(1, 150.33) = 0.00,
p = .978) or demonstrator type (F(1, 150, 33) = 0.31, p = 0.581), nor
a 3-way interaction (Experiment x Demonstrator x Test) (F(1,
150.33) = 0.02, p = 0.897). Thus, the lack of effect of demonstrator
relevance on social preference was consistent across our two
experiments. Exploration of the main effect of test with a paired
sample t-test again revealed that the relevant demonstrator was
investigated less in the final social preference test than in the
baseline test (#(39) =2.12, p=  0.041). The non-relevant
demonstrator was also investigated less in the final than in the
baseline test, but this was only a statistical trend (t(39) = 1.75, p =

100

el
o

Mean Investigation Duration (s)

1 2 3 4 5

0.088) (Fig. 7). Similarly, examination of total cylinder- directed
activity revealed a significant effect of test (F(1, 153.56) = 11.22,
p = 0.001) and experiment (F(1, 154.38) = 101.36, p = .000), but no
effect of demonstrator type (F(1, 153. 56) = 0.00, p = 0.953), nor any
interaction between demonstrator type and test (F(1, 153.56) = 0.06,
p= 0.811).

3.3.1.2. Social learning experiences. Analysis of combined data from
Experiment 1 and Experiment 2 confirmed the significant decrease in
investigation durations over SLEs (F(1, 365.65) = 279.41, p = 0.000),
but again found no effect of demonstrator type (F(1, 285.30) = 0.21,
p = 0.651) nor any interaction between SLE number and demonstrator
type (F(1, 365.65) = 0.01, p = 0.944) (Fig. 8). There was also a
significant main effect of experiment (F(1, 285.30) = 39.84, p =
0.000) but, again, no interaction with demonstrator type (F(1,
285.30) = 0.91, p = 0.340) or SLE number (F(1, 365.5) = 0.87, p =
0.350) nor a 3-way interaction (Experiment x Demonstrator x SLE) (F(1,
365.65) = 0.01, p = 0.965). Thus, demonstrator relevance did not
affect observers’ social investigation during the SLEs, consistently
across both experiments.

[ERelevant Demonstrator
B Non-Relevant Demonstrator

6 7 8

Social Learning Experience

Fig. 4. Investigation duration of demonstrators (relevant, non-relevant) by observers during Social Learning Experiences 1 through 8 in Experiment 2 (N = 30

observer mice). Error bars represent = 1 SE.



L. Kitchenham, et al.

1007

807

60

40-

Mean Investigation Duration (s)

207

0~

Relevant Demonstrator

Behavioural Processes 169 (2019) 103983

Non-Relevant Demonstrator

Fig. 5. Demonstrator investigation durations during the STFP test (after eight social learning experiences) for Experiment 2 (n = 29 observer mice). Error bars

represent = 1 SE.

3.3.2. Power tests on social preference data

Power tests (Dhand and Khatkar, 2014) showed that Experiment 1
alone did not have enough power to detect the smallest effect sizes
observed in previous conditioned partner preference studies (Cohen’s
d = 0.97). Experiment 2 alone did have enough power to do so and
could also have detected smaller effect sizes (Cohen’s d = 0.53:
Medium). However, with our pooled sample size of 41, we not only now
had ample power to detect the smallest effect sizes seen in previous
conditioned partner preference studies, but we also should have been
able to detect effect sizes less than half that size (Cohen's d = 0.43:
Small-Medium) with 80% power. This indicates that the lack of sig-
nificant partner preference evident after our SLEs was not a Type II
error.

4. Discussion

We hypothesized that if social learning adaptively influences social
preferences, then relevant demonstrators, those providing information
that always predicted exploitable food (and so was beneficial to the
observer) should be preferred over ones providing irrelevant informa-
tion (not beneficial to the observer because the food the demonstrator
had eaten could never be exploited). Additionally, if through associa-
tive learning, demonstrator relevance influences who female observer
mice learn from in the social transmission of food preference, observers
should preferentially learn from demonstrators who have consistently
carried relevant olfactory information predicting food reward and learn
less well (or not at all) from ones who had only ever carried irrelevant
olfactory cues. Neither hypothesis was supported. Below we discuss the
possible reasons for these results.

Starting with social preference, even after multiple social learning

n.g.d.
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Fig. 6. Amount of cinnamon vs. cocoa flavoured foods consumed by observers whose relevant demonstrator was fed either cocoa or cinnamon for Experiment 2

(n = 29 observer mice). Error bars represent + 1 SE.
**¥%p < 0.001, n.s.d. p > 0.05.
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Fig. 7. Investigation duration of the relevant and non-relevant demonstrators during the baseline and final social preference tests for the combined analysis of data

from both experiments (N = 41 observer mice). Error bars represent = 1 SE.
*p < 0.05, T = 0.088.

experiences (SLEs), female CD1 mice did not come to direct more social
investigation towards the relevant demonstrator than to the non-re-
levant demonstrator, neither during the final STFP test and SLE trials
(in which dietary olfactory cues were present), nor during the final
social preference tests (in which dietary olfactory cues were absent).
The one notable effect was a decrease in all investigation durations over
the course of the SLEs, likely just reflecting both demonstrators’ in-
creasing familiarity to the observers (cf. Kareem, 1983). Thus female
observer mice did not seem to preferentially seek out, nor spend more
time in close proximity with, demonstrators from whom they had
successfully learned in the past. Furthermore, our replication of this
effect across two experiments, and our power tests, both indicate that
this lack of effect was not a Type II error (since we had enough power to
detect much smaller effect sizes than those generated by Conditioned
Social Preferences in female mice [cf. Kent et al., 2013; Kosaki and
Watanabe, 2016; Wood et al., 2015]). Additionally, experiments using
food as the US could establish Conditioned Place Preferences in just 6-8
pairings, further suggesting that we had sufficient trials (Chaperon
et al., 1998; Maes and Vossen, 1993; Perks and Clifton, 1997). Our
results thus resemble those from two other species in which social
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preferences appear unrelated to foraging outcomes. First, Egyptian fruit
bats (Rousettus aegyptiacus) who lick fruit residue from the muzzles of
others preferentially do this from just 2-3 individuals, but such pre-
ferences are unrelated to the chances of acquiring food (Harten et al.,
2018). Second, in bearded capuchin monkeys (Cebus libidinosus) the
foraging proficiency of individuals (i.e. their abilities to open palm nuts,
which then leads to the social learning of this task by observers) does
not seem to affect how much time others spend close to them (Howard
et al., 2018).

Considered together, one interpretation of our finding is therefore
that the payoffs gained by an observer from social learning opportu-
nities do not drive social preferences. However, because, to the best of
our knowledge, ours is the first study to empirically investigate whether
social learning affects social preferences, we urge for more research
before this hypothesis is fully rejected. In particular, as a first attempt at
testing this idea, our methodology may not have been ideal for pro-
moting the differential association of the relevant demonstrator via
successful social learning. This is because the relevant and non-relevant
demonstrators were always presented together, and simultaneously
predicted a food reward (without any adverse consequence being

[ERelevant Demonstrator
B Non-Relevant Demonstrator
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Fig. 8. Investigation duration of demonstrators (relevant, non-relevant) during the social learning experiences for the combined analysis (N = 41 observer mice).

Error bars represent + 1 SE.
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associated with the non-relevant demonstrator). The observers could
therefore have responded to the two demonstrators as a single com-
pound stimulus. An alternate design would be to present the demon-
strators and novel foods sequentially, in separate trials, such that re-
levant demonstrators are always followed by same-odour novel foods,
while non-relevant demonstrators are always followed by no food. This
might better allow observer mice to associate dietary olfactory cues on
the breath of demonstrators with demonstrator identity and the sub-
sequent presence or absence of food. If methods like these also fail to
induce social preferences or aversions, then that would be a more
convincing rejection of the hypothesis. Thus, we would urge replication
of our study and with alternate methods, before drawing firm final
conclusions about how social learning does or does not shape social
preferences.

Turning to social learning itself, our hypothesis also predicted that
observers would preferentially learn from their relevant demonstrators,
such that the STFP effect on observers’ novel flavour preferences would
be stronger from relevant and weaker (or even absent) from non-re-
levant demonstrators. This was because even though both demonstra-
tors had previously provided opportunities for social learning during
the eight SLEs, only the relevant demonstrators’ information could ac-
tually be used by the observers. Despite this, in the final STFP trial,
when given a choice to now utilize information from both demonstra-
tors, the observers did not appear to respond to them differently,
seeming to learn equally from both, thus suggesting that they neither
relied more heavily on information from the relevant demonstrators nor
discounted information from the non-relevant.

This finding suggests that observer mice do not learn differently
from demonstrators who vary in whether they consistently provide
information predicting a reward. It also adds to suggestions that
adaptive model-based Social Learning Strategies are not followed in the
STFP of laboratory rodents (see review by Galef, 2009, and the most
recent test of this idea in rats by Agee and Monfils, 2018). Although our
Introduction gave examples supporting this idea, all these results are
open to alternative explanations. Thus the apparent ineffectiveness of
stereotypic demonstrators (Harper et al., 2015) was only a statistical
trend, could not be replicated by a subsequent study (Pond, Ervin,
Choleris, Walker, & Mason unpublished data) and therefore may not be
a true effect; while the mouse pups were judged less efficient demon-
strators, not because they did not induce STFP, but because the pre-
ferences they induced did not last as long as those from adults (Choleris
et al., 1997): in terms of immediate STFP, they were actually as effec-
tive as adults. Turning to the three studies in which sick conspecifics
failed to be effective demonstrators in the STFP, one (Kuan and Colwill,
1997) used male rats, finding an effect that could not be replicated in
females (Galef and Whiskin (2000), as if perhaps sex-specific; while the
other (Hishimura, 2000) could instead be explained by observers ex-
periencing the post-ingestion consequences of a sick demonstrators’
food prior to social interaction. There is far more evidence that ob-
servers are rather indiscriminate about demonstrators in the STFP. For
instance, as well as the many sickness examples given in the In-
troduction, observer rats will copy juveniles just as readily as older
demonstrators (Galef et al., 1984; Galef and Whiskin, 1998, 2004; and
see also Choleris et al., 1997 on mice). Likewise, indicators of foraging
success such as the size (Galef et al., 1999) or nutritive quality of the
food source being exploited (Galef et al., 1999) do not affect the STFP in
rats. Overall, it appears that adaptive model-based Social Learning
Strategies have not been selected for in the STFP, at least in laboratory
mice and rats.

Why not, in terms of both evolutionary function and underlying
mechanism, should be addressed in future Social Learning Strategy
research: to date, the STFP has largely been overlooked by these the-
orists (cf. Kendal et al., 2018). Future studies should also consider in-
creasing the cost of information acquisition and misinformation to both
make observers more discriminating (as hypothesized by Koops, 2004)
and better approximate the conditions wild animals are likely to
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experience. Furthermore, more empirical studies on adaptive model-
based strategies in the STFP should examine different species with
varying social systems (e.g. monogamous gerbils, or the socially-flex-
ible African striped mouse, Rhabdomys); while future studies on adap-
tive model-based strategies in rats and mice should examine different
forms of social learning (e.g. observational conditioning or response
facilitation).

5. Conclusions

We found no evidence that a history of beneficial social learning
experiences influences observers’ social preferences for their demon-
strators, with relevant demonstrators not coming to be preferred over
irrelevant ones. This is a novel hypothesis, however, and should be re-
tested before being rejected after just one study (using methodologies
that might better enable observers to learn the differential value of their
demonstrators). Furthermore, our findings also did not support the
hypothesis that past experiences with a demonstrator who consistently
provides relevant, beneficial information directs and enhances female
mouse observers’ subsequent social learning of food preferences from
them. Our results instead add to a growing body of data suggesting that
the STFP is typically not modulated by adaptive model-based Social
Learning Strategies in laboratory rats and mice. This is a challenge for
Social Learning Strategy theories. However, adaptive model-based
strategies may still occur in rodents for forms of social learning other
than the STFP: an interesting avenue for future work.
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