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Abstract

A previous study demonstrated that horses can learn socially from observing humans, but could not draw any conclusions
about the social learning mechanisms. Here we develop this by showing horses four different human action sequences as
demonstrations of how to press a button to open a feed box. We tested 68 horses aged between 3 and 12 years. 63 horses
passed the habituation phase and were assigned either to the group Hand Demo (N=13) for which a kneeling person used a
hand to press the button, Head Demo (N = 13) for which a kneeling person used the head, Mixed Demo (N = 12) for which a
squatting person used both head and hand, Foot Demo (N=12) in which a standing person used a foot, or No Demo (N=13)
in which horses did not receive a demonstration. 44 horses reached the learning criterion of opening the feeder twenty times
consecutively, 40 of these were 75% of the Demo group horses and four horses were 31% of the No Demo group horses.
Horses not reaching the learning criterion approached the human experimenters more often than those who did. Significantly
more horses used their head to press the button no matter which demonstration they received. However, in the Foot Demo
group four horses consistently preferred to use a hoof and two switched between hoof and head use. After the Mixed Demo
the horses’ actions were more diverse. The results indicate that only a few horses copy behaviours when learning socially
from humans. A few may learn through observational conditioning, as some appeared to adapt to demonstrated actions in the
course of reaching the learning criterion. Most horses learn socially through enhancement, using humans to learn where, and
which aspect of a mechanism has to be manipulated, and by applying individual trial and error learning to reach their goal.

Keywords Copying - Equus caballus - Human demonstrator - Interspecies specific social learning - Social learning - Social
enhancement

Introduction

Animals acquire new behaviours through individual and
social learning. In individual learning, a change in the ani-
mals’ behaviour is triggered by the experience of an indi-
vidual animal (Rescorla 1982), while in social learning the
animal is influenced by a second individuals behavioural,
visual, olfactory, and/or auditory cues in such a way that
it is more likely to learn (Hoppitt and Laland 2008). Indi-
vidual and social learning may be used in combination to
learn complex actions (Whalen et al. 2015; Leadbeater and
Dawson 2017). Several mechanisms for social learning are
under debate (Whiten et al. 2004; Hoppitt and Laland 2008).
Firstly: ‘Social facilitation’ (Zajone 1965) in which the pres-
ence of a demonstrator may cause an animal to change its
behaviour or ‘Response facilitation’ (Byrne 1994) in which
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the demonstrator performing an action may cause an ani-
mal to do the same. Secondly, ‘Social enhancement’ (Galef
1989) in which animals may be more likely to consume a
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certain food after being in contact with a demonstrator car-
rying cues of this food (Mersmann et al. 2011; Leadbeater
and Dawson 2017), ‘Stimulus enhancement’ (Heyes 1994)
in which animals may change their behaviour after being
exposed to a particular stimulus by an observer’s action, or
‘Local enhancement’ (Thorpe 1963) in which animals are
more likely to visit or interact at a location after observing a
demonstrator’s action at this particular location. However,
when the object to be manipulated is at a fixed location,
local enhancement and stimulus enhancement are indistin-
guishable (Zentall 2006). Thirdly, social learning can occur
through ‘Observational conditioning’ meaning positive or
negative conditioning to an object, process or event through
observing the outcome of repeated action sequences (Cook
et al. 1985). Finally, animals may copy the behaviour of oth-
ers as in ‘Contextual imitation’ (Byrne 2002) in which an
animal may show a particular action in the same context in
which it observed that behaviour, in ‘Production imitation’
(Byrne 2002) in which an animal displays a novel action
or sequence not in its repertoire after observing the same
action, or the animal emulates behaviours when it under-
stands the demonstrator’s goal from observing its action, but
uses other actions to achieve it (Tomasello 1990; Whiten and
Ham 1992; Custance et al. 1999).

Horses can learn socially from higher ranking, older
conspecifics in their social group (Krueger and Heinze
2008; Krueger et al. 2014; Rgrvang et al. 2015); Schuetz
et al. (2017) showed that horses learn socially from famil-
iar humans, but could not infer the social learning mecha-
nisms. A mix of individual trial and error learning and social
enhancement has been discussed as the primary mechanism,
as but this has not been confirmed (Brubaker and Udell
2016).

Horses are well suited as subjects for the study of inter-
species social learning from humans, as their domestication
3000-5000 years ago (Mills and McDonnell 2005) may have
shaped their inter-species communication abilities. Simi-
larly, dogs, with a domestication history of 15,000 years
(Irving-Pease et al. 2019), are affected by human familiar-
ity in their learning abilities (Topél et al. 1997), and learn
socially from humans (Kubinyi et al. 2003; Pongrécz et al.
2001, 2004). Since Clever Hans, the “counting horse”, was
revealed to have “solved” mathematical tasks using human
facial and body cues as signals for when to start and stop
tapping his hoof (Pfungst 1907), it has been shown that
domestic horses are able to use human pointing gestures to
find food (Maros et al. 2008; Proops et al. 2010, 2013; Dorey
et al. 2014) and that they orientate on the direction of human
attention (Proops and McComb 2010; Sankey et al. 2011;
Krueger et al. 2011). Horses distinguish between familiar
and unfamiliar persons (Proops et al. 2009; Sankey et al.
2011; Proops and McComb 2012; Lamp and Andre 2012)
and may not respond to a familiar command if it comes from
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an unfamiliar person (Sankey et al. 2011). They have expec-
tations of human behaviour (Sankey et al. 2011), which may
inhibit their performance under test conditions (Lesimple
et al. 2012), and show referential communication when
expressing their needs to humans, such as indicating whether
a person should put on or take off a rug (Mejdell et al. 2016),
or open a fence to allow access to food (Malavasi and Huber
2016). Horses generalise positive and negative experiences
from one human to others (Sankey et al. 2011) and can infer
emotional states from human photos (Smith et al. 2016) and
human voices (d’Ingeo et al. 2019). They also know what
humans may have seen, for example, whether they witnessed
the hiding of food (Malavasi and Huber 2016; Ringhofer and
Yamamoto 2017).

Here, we tested 68 horses of different sexes and breeds,
aged between 3 and 12 years. We chose this age group as
young horses demonstrated better learning performances
in earlier studies (Nicol 2002; Krueger et al. 2014). The
horses were tested on whether they would learn to open
a novel feeding apparatus after observing a human dem-
onstrator, and whether they would copy the demonstrated
action sequence. They were semi-randomly assigned to five
experimental groups, to receive a demonstration of one of
four action sequences: pushing a button with the hand (Hand
Demo), with the head (Head Demo), with the foot (Foot
Demo), or with the hand and the head (Mixed Demo), or to
receive no demonstration (No Demo). This study aims to
evaluate (a) the action types and (b) the learning mechanism
horses would apply to open a novel feeding apparatus.

Methods
Locations, study periods

The experiments were conducted between April 2016 and
August 2018. We tested the horses in their home environ-
ments, as familiarity with the test area improves learning in
domestic animals (Miklési and Soproni 2006; Maros et al.
2008; Lovrovich et al. 2015). The horses were kept in differ-
ent locations with different housing and management con-
ditions (Table ESM_1), but all in line with German horse
management guidelines. All the horses had at least 3—4 h
turn-out in social groups each day. From April to June 2016
we used horses from 13 different locations close to Stuttgart,
Germany, in April and May 2017 horses from 7 different
locations close to Frankenthal, Germany, and in June and
August 2017 horses from one location close to Luzern, Swit-
zerland, and one location close to Vienna, Austria.
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Experimental groups and animals

The 68 horses included 22 ponies and 46 horses of various
breeds, all aged between 2 and 14 years (Table ESM_1).
They were semi-randomly distributed over 5 experimen-
tal groups with the demonstrations Hand Demo (N=13),
Head Demo (N =13), Mixed Demo (N =14), Foot Demo
(N= 13), and No Demo (N=15) (for detail see: Experi-
menters and their tasks; Table ESM_1) so that the horses’
age distribution in the groups was approximately similar.
We chose horses with at least 3 months of basic “ground
training” (Deutsche Reiterliche Vereinigung e.V. 2014) as
domestic animals with basic training from humans may
be better at reading human cues (Miklési and Soproni
2006). All horses were mentally and physically sound and
in good or very good feeding condition. During the 2 h
before the habituation phase and before the experiments
they were not trained and received only hay.

|
1m
Food Box| Button/
.

Experimental area and apparatus

We used lunging circles, riding arenas, or paddocks with
sand, wood shavings or slip-proof paving. We fenced in
experimental areas of 20 m?, making sure that grass and
other feed was out of the horses’ reach (Fig. 1). The test feed
eaten by humans and horses was pieces of carrot and apple
at all the premises.

The experimental apparatus consisted of a feed box con-
taining feed rewards and a separate button, which had to
be pressed to open the feed box (Fig. ESM_2). The dis-
tance between the box and the button was 1 m, as learning
can clearly be demonstrated if animals have to memorise
a particular action for a couple seconds to achieve a goal
a distance away (Heyes 1994; Shettleworth 1998; Healy
and Jones 2002). The wooden feed box was 50 cm long,
50 cm wide, and 18 cm high, with a wooden lid. A remov-
able plastic container for the feed was placed inside and
cleaned after each test to avoid contamination. The button
was 20 cm long, 20 cm wide, 11 cm high, and mounted on
a 50 x50 cm base plate. In contrast to the study of Schuetz

= Experimenter
= Demonstrator

Hand Demo Head Demo

Fig. 1 Experimental procedure. a depicts the experimental set up in
the demonstration phase, in which experimenter 1, the demonstra-
tor (D) walks from the starting position (1) to the button (2), dem-
onstrates one of the action sequences under b and walks to the feed
box (3), eats a food item, returns to the starting position and remains

¢

o aai]

M'lxed Demo Foot Demo No Demo

there, facing away from the feed box. Demonstrators (D) of the No
Demo situation remained at the starting position (1) with their back
turned towards the horse. The experimenter 2 (E) keeps the horse on
a loose rope while turning her back towards the experimental appara-
tus. ¢ shows an observer horse, which pushes the button with its nose
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et al. (2017) the button was placed on the ground, so that
it could be operated easily with the hoof. Although horses
discriminate objects and colours best at ground level (Hall
et al. 2003), we increased the visibility of the ground level
button and the experimental apparatus by painting a blue dot
(Carroll et al. 2001) with a diameter of 10 cm on top of the
button and on the top of the feed box. Pressing the button
activated a battery powered servomotor at the lid of the feed
box. Within one second of activation the motor drew back
a locking bar, so that a gas pressure spring opened the lid
with a low-pitched clicking sound, which did not startle the
horses (Fig. ESM_2).

Habituation phase

A maximum of ten habituation trials per horse were con-
ducted on the first day. In this phase experimenter 1 touched
the button and the feed box to spread potential scent marks
equally (see “Experimenters and their tasks”, below). The
habituation criteria were reached when the horse approached
the open feed box unprompted, and ate the food inside, twice
in a row. Five horses were excluded from the test, because
they did not feed from the box after the 10th habituation
trial. The excluded horses were two horses from the Mixed
Demo group (N=14), one horse from the Foot Demo group
(N=13), and 2 horses from the No Demo group (N=15).
The remaining 63 test horses were N=13 in the Hand Demo
group, N=13 in the Head Demo group, N=12 in the Mixed
Demo group, N=12 in the Foot Demo group, and N=13 in
the No Demo group.

Experimenters and their tasks

Three experimenters participated, each with different tasks.

Experimenter 1 was the demonstrator (D; Fig. la). As
horses learn from familiar persons (Schuetz et al. 2017), per-
sons (N=55) who had cared for the horse for at least 1 year
were chosen. All were female. The persons demonstrated
for their own horses which were randomly assigned to the
demonstrations Hand Demo (N =13), Head Demo (N=13),
Mixed Demo (N=12), Foot Demo (N=12), and No Demo
(N=13).

In the four demonstration groups the demonstrator (D)
walked from the start to the button (about 4 m) and after
passing the horse at its starting position called the horse’s
name during the second half of the walk to get its attention
(Pongrécz et al. 2004). The demonstrators stopped at the but-
ton, facing the button in a 45° angle to the horse and a 45°
angle to the button, so that the horse saw the demonstration
clearly (Fig. 1b):

1. The demonstrators of the group Hand Demo knelt down
on their hands and knees, lifted the right hand from the
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ground and pressed the button with the flat of the right
hand.

2. The demonstrators of the group Head Demo knelt down
on their hands and knees bent their arms and pressed the
button with their heads.

3. The demonstrators of the group Mixed Demo squatted
down, but remained on their feet, bent their body and
head towards the button, then lifted their right hand from
the ground and pressed the button with the flat of their
right hand.

4. The demonstrators of the group Foot Demo stood at the
button lifted their right foot from the ground and pressed
the button with their foot.

The demonstrators of the group No Demo remained at the
starting position with their back turned towards the horse.

After the demonstrator pressed the button, she waited for
the feed box to fully open, then walked to the box, squatted
down at the left side of the box so that the horses could see
the procedure. She then took a piece of carrot or apple out of
the box with her hand, and ate it within 5 s. She then closed
the box, stood up, passed the horse at its starting position
and returned to the demonstrator’s start position, turning
her back to the apparatus. The horse was then released by
experimenter 2.

Experimenter 2 handled the horse (E; Fig. 1a) and was
unknown to the horse. 17 different persons (16 women, one
man) fulfilled the task at random assignment. Experimenter
2 led the horse to the start (Fig. 1), then stayed at the left
shoulder of the horse, turning his/her back to the apparatus.
S/he kept the horse on a loose rope, and did not touch the
horse (Krueger et al. 2014) while it observed the demonstra-
tor. Experimenter 2 released the horse at the starting position
and led the horse back to the start after each trial.

In the No Demo group, if the horse did not open the box,
experimenter 2 turned the horse away from the feeder and
covered the horse’s eyes with a hand, so that the feed could
be removed from the box out of sight of the horse.

Experimenter 3 recorded the results, controlled the video
camera, recorded the time, and refilled the box. One person
recorded the groups Hand Demo and Head Demo, one per-
son the groups Mixed Demo and Foot Demo, and a third per-
son recorded the No Demo group. They placed themselves
outside the experimental area, to the right of the apparatus,
and turned away to about 135°. Refilling the feed box was
done in full sight of the observing horse to reduce feature
negative effects (Hopewell et al. 2010) which may lead some
animals to assume that no food is left in the box.

Experimental procedure

The test horses received a maximum of 120 demonstrations,
10-20 per day, spread over 1-2 weeks, depending on their
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motivation (Krueger et al. 2014). To increase the motiva-
tion, horses were allowed to eat once from the box before
the experiment started on each test day. If horses hesitated
to approach the box, or if they kept approaching the experi-
mental apparatus, but failed to push the button, they received
a motivation feeding after the 10th trial on each test day.

The horse was positioned with its front feet 1 m away
from the button to ensure it could closely observe the dem-
onstration (Fig. 1a). The horse was then free to investigate
the apparatus and attempt to open it for 3 min during each
trial. After 3 min, experimenter 2 led the horse back to the
start. When horses pressed the button (Fig. 1¢) and opened
the feed box they were allowed to eat the food inside.

Learning criteria were reached and the experiment fin-
ished when the horse opened the feed box 20 times in suc-
cession, ten trials with demonstration and ten without (Krue-
ger et al. 2014). If a horse lost interest and did not touch the
feeding apparatus (apart from one possible approach directly
after a motivation feeding) or did not reach learning criteria
within a total of 120 trials, the experiment was terminated
for this particular horse. The button and/or the feed box was
counted as touched when a horse nuzzled, licked, bit, or
pushed it with its mouth, or when the horse pushed it with
its hoof or tilted the button and its base plate with the hoof.
Touches were counted whether the touch activated the open-
ing of the feed box and were recorded on paper, and the
technique used by the horse was analysed from the video
recordings.

Contacts with the experimenters were counted when
a horse turned away from the test apparatus at least 70%,
walked 1 or two steps to experimenter 2 (the handling per-
son) or walked 4 m to experimenter 1 (the demonstrator) at
her starting position, and stayed in close proximity of 2 m
or less for at least 3 s.

Data analysis

We used the R-Project statistical environment (R Develop-
ment Core Team 2019), Libre Office 4.3.3.2 and Photo shop
CC2019 for statistical analysis and the depiction of the data.
As most of the data were not normally distributed (K-S test)
we applied non-parametric tests. Chi square tests and Bino-
mial tests were used for likelihood evaluations. Sequential
Bonferroni corrections, after Holms, were used to adapt the
significance level for multiple testing. Multivariate Factor
analyses were conducted by applying Generalized Linear
Models (GLMs). Whether horses reached the learning cri-
terion and the numbers of action types they applied were
used as dependent variables, while the demo group, the age,
the sex, the type of management, and the contact to experi-
menters were considered fixed factors. None of the factors
were considered to be random, as all were affected by the
controlled experimental set up. The full, initial model was

reduced to the model with the lowest Akaike information
criterion (AIC), and the remaining significant factors from
the reduced model were used in a follow-up model. All tests
were two-tailed and the significance level was set at 0.05.

Results

More horses learned to open the feed box after receiving
a demonstration (40 horses out of 53 =75%, Hand Demo
(N=12), Head Demo (N=9), Mixed Demo (N=10), Foot
Demo (N=9)) than horses which did not receive a dem-
onstration (four horses out of 13=31%, No Demo group;
GLM: N=63, SE=1.48, z=—- 2.05, p=0.04; Figs. 1 and
2; Table ESM_1).

Action types used by the horses

The 63 test animals manipulated the button of the experi-
mental apparatus using six different action types: four with
their heads and two with their hoofs. The head action types
were (Fig. ESM_3; Tables ESM_4 and ESM_5): “pushing”
with the upper lip, “nuzzling” with the upper lip, “licking”,
and “biting”. The hoof action types were “tapping” with the
front hoof and “tilting” the button with the front hoof”. From
the 50 test horses that received a demonstration 17 horses
each used between two and five different action types, and

MM match with demonstration preferred actions horses

M  no match with demonstration & head use
T no demonstration @ hoof use
s E\\ 9 head and hoof use

10

nr. of horses

Head Demo  Mixed Demo

Hand Demo

Foot Demo No Demo

demonstrated actions sequences humans

Fig.2 Action demonstrated by humans and the learner horses’
actions for opening a feed box. Most of the 44 horses that reached
the learning criterion preferred to use their head (Chi Square Test:
N=44, ;(22=31.4, p<0.001). Most actions which were applied by
the animals did not match the demonstrated actions (GLMM: N=40,
z=-0.144, p=0.89). However, the foot demo group had the highest
percentage of hoof use (44% of the learners in the foot demo group,
Chi Square test: N=35, ;(f: 118.5, p<0.001) and the lowest percent-
age of head use (33% of the learners in the foot demo group, Chi
Square test: N=5, y7=36.46, p<0.001)
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33 horses used only one action type, of which 16 “pressed”
with their nose. From the test horses that did not receive a
demonstration, nine used two or three action types and four
used only one action type.

Fulfilling the learning criterion and number
of applied action types

Our statistical analysis does not reveal effects of age, sex
or type of management on the performance of the horses
(GLM: N=63, all p>0.05). The 44 horses that fulfilled the
learning criterion applied more action types when manipu-
lating the apparatus (median three, min. =1, max.=4; Fig.
ESM_3; Tables ESM_1, ESM_4 and ESM_5) than the 19
horses which did not reach it (median 2, min.= 1, max. =4,
GLM: N=63, SE=0.52, z=2.94, p=0.003). The horses
in the demonstration groups did not differ significantly in
the number of action types they applied to opening the box
(Mixed Demo: median =3, min. =2, max. =4, Hand Demo:
median=2.5, min.=1, max.=3, Head Demo: median=2,
min. =1, max.=4; Foot Demo: median=2, min.=1,
max.=23, No Demo: median=2, min. =1, max.=3; GLM:
N=63, all > 0.05; Fig. ESM_3; Tables ESM_1, ESM_4 and
ESM_5).

Head and hoof actions and demonstrated action
sequences

Of the 44 horses that reached the learning criterion, 33 pre-
ferred head actions, six horses preferred hoof actions, and
five used both hoof and head actions (Fig. 2; Fig. ESM_3;
Tables ESM_4-6). Comparing the demonstrated action
sequences with the horses’ opening actions we suggest that
the horses’ hoof actions matched the experimenters’ extrem-
ity (hand and foot) use, the horses’ head actions the experi-
menters’ head use, and no preference in the horses for hoof
or head actions was revealed after the combined action of
the persons in the Mixed Demo or with no demonstration in
the No Demo group.

The Head Demo group was the only one in which all
the nine horses reaching the learning criterion preferred
the same action as the demonstrator (Binomial test: N=9,
p=0.004; Fig. 2; Fig. ESM_3; Tables ESM_4 and ESM_5).
In the three remaining demo groups most of the horses’
actions did not significantly match the demonstrated action
sequences. They did not match in the Hand Demo (Binomial
test: N=12, p=1; Fig. 2; Fig. ESM_3; Tables ESM_4 and
ESM_5), in which 11 animals preferred the head (Binomial
test: all p <0.05) and one used head and hoof equally (Bino-
mial test: N=22, p=0.29). In the Foot Demo (Binomial
test: N=9, p=0.42; Fig. 2; Fig. ESM_3; Tables ESM_4 and
ESM_5), three animals preferred the head and four the hoof
(Binomial test: all p <0.05), while two horses showed no
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clear preference and used both head and hoof (Binomial test:
both p > 0.05). Finally, the animals’ actions did not match
the unclear “Mixed Demo” (Binomial test: N=10, p=1;
Fig. 2; Fig. ESM_3; Tables ESM_4 and ESM_5), where 7
horses showed a clear preference for the head and two for the
hoof (Binomial test: all p <0.05), while only 1 horse did not
have a clear preference for either the head or the hoof (Bino-
mial test: N=24, p=0.15). In the No Demo group all four
horses that learned the manipulation of the box individually
used the head (Binomial test: all p > 0.05; Table ESM_6).

The highest percentage of hoof use (44% of the learners
in the foot demo group compared to learners in other demo
groups, Chi Square test: N= 5,;(f= 118.5, p<0.001) and the
lowest percentage of head use (33% of the learners in the
foot demo group compared to learners in other demo groups,
Chi Square test: N=35, )(f =36,46, p<0.001) was in the Foot
Demo group. While the lowest percentage of mixed head and
hoof use (0%) was in the Head Demo group (Chi Square test:
N=5, ;(f =32.92, p<0.001; Fig. 2).

The horses’ preference for using the hoof in the four dem-
onstration groups increased from the first to the last success-
ful opening, but not significantly (Chi Square test: N=38,
)(22=4, p=0.13). One horse in the Hand Demo, one in the
Head Demo, two in the Foot Demo, and one in the Mixed
Demo used the hoof for the first opening. The rate of using
the hoof changed from the first opening to the last opening
with no horse using the hoof in the Hand and Head Demos,
but 6 horses using the hoof in the Foot Demo and 3 in the
Mixed Demo (Fig. ESM_3).

Animals contacting the experimenters

Horses that did not reach the learning criterion contacted the
experimenters more often than horses that were successful
in reaching the learning criterion (GLM: N=63, SE=0.04,
z=-2.87, p=0.004).

Discussion

Most horses’ actions during the 20 trials to reach learning
criterion did not match the demonstrated human actions.
Most of the horses used their head, irrespective of the
demonstrated action. Therefore, we suggest, that a few
horses may have learned socially through ‘Social facili-
tation’ (Zajonc 1965) or ‘Response facilitation’ (Byrne
1994). As with the detour behaviour shown in a social
learning experiment in dogs (Pongrécz et al. 2001) it can-
not be excluded that some horses already had the pushing
of buttons in their behaviour repertoire. Most automatic
drinkers designed for horses require a button or lever to be
pressed with the nose, so the presence of a demonstrator
close to the button or taking action at the button may have
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caused them to use this behaviour in learning to open the
test box. Most horses probably learned through enhance-
ment, as discussed to be the primary social learning mech-
anisms for apes (Byrne and Whiten 1988; Whiten et al.
2004) dogs (Pongréacz et al. 2001; Mersmann et al. 2011)
rats (Thorpe 1963), and social insects (Leadbeater and
Dawson 2017). The human demonstrator may have served
as an unconditioned, local stimulus indicating where to
manipulate the feeding apparatus, i.e. they learned through
‘Local enhancement’ (Thorpe 1963), or the sight of the
demonstrator eating may have stimulated the horse to learn
to open the feeder at the location where the demonstra-
tor found food (‘Stimulus enhancement’, Heyes 1994). In
the present study it is impossible to clearly distinguish
between local or stimulus enhancement, as the learning
stimulus was given at the location of learning (Zentall
2006). Horses that initially learned through enhancement
eventually learned to operate the button of the feeding
apparatus by individual trial and error learning. This is
supported by the observation that horses switched between
manipulation techniques throughout the learning process.
Combining simple social learning mechanisms with indi-
vidual learning has been shown to generate fast learning
of complex action sequences in mountain gorillas (Wha-
len et al. 2015) and has been discussed as common in
dogs (Mersmann et al. 2011), in social insects (Leadbeater
and Dawson 2017) and in many other species (Whalen
et al. 2015). Future studies should also monitor poten-
tial changes in resolution time, for example latencies to
approach the feed box or latencies to open the feed box,
in order to provide more insight into the horses’ learning
process.

At the end of the 20 trials of the learning criterion six
of nine learners in the Foot Demo group used the hoof, all
learners in the Head and the Hand Demo group used the
head and in the Mixed Demo group three used the hoof
and seven the head. The increasing conformity with the
demonstrator’s action sequence could have been the result
of observational conditioning. Observing that pushing
the button with a particular action is followed by a food
reward from the feed box may have served as a conditioned
stimulus and established an operant response of using a
matching action as in apes (Cook et al. 1985; Whiten et al.
2004) and elephants (Greco et al. 2013).

It is interesting that in the Foot Demo group signifi-
cantly more horses than in the other demo groups matched
the demonstrator’s actions and used a hoof and signifi-
cantly fewer used the head, despite the head being gener-
ally preferred in the other groups. This suggests that at
least some horses endeavoured to follow the demonstra-
tor’s technique and may have copied the human demon-
stration, as has been mostly discussed in apes (Byrne and

Whiten 1988; Whiten et al. 2004; Byrne 2009). This topic
needs to be given further attention in a follow-up study.

In total, 80% of the test horses reached the learning crite-
rion of opening the feeding apparatus twenty times in suc-
cession after observing a human demonstrator, slightly more
than in the study of Schuetz et al. (2017). The large propor-
tion of successful horses in the demonstration groups may
have been the result of the studies’ age selection, as young
horses have been shown to learn better and faster (Nicol
2002; Krueger et al. 2014). Age differences within this pre-
selected group did not have any effect on whether horses
reached the learning criterion, as in dogs, where familiarity
with the demonstrator appeared to overcome the effects of
the dog’s age or breed (Pongracz et al. 2005).

Learning was not primarily due to matching the shape of
the mark on the button to the mark on the food box, i.e. by
relational discrimination learning (Flannery 1997; Black-
more et al. 2008). The marks on the button and the box
increase the visibility of the experimental apparatus but
not the learning success, as horses without demonstrations
were not as successful in reaching the learning criterion as
horses with demonstrations. Both were supplied with the
same marks, but additional social information was needed
to initiate a learning process.

Finally, it needs to be questioned whether horses actually
perceive the demonstrator’s hand as an extremity. The lack
of matching, particularly in the Hand and Mixed demos,
could have been caused by assuming a correspondence
between the human hand and the horse’s hoof that may not
be the case from the horse’s point of view. Humans use their
hands for carrying and manipulating objects, and for groom-
ing horses (Feh and de Maziéres 1993); tasks that horses
usually undertake with their head (Nicol 2002; McDonnell
and Haviland 1995). Similarly, the head use of the human
demonstrator may not have matched the horses’ mouth use.
If the horses were, in fact, trying to copy the action of the
demonstrator, they may simply have used their heads as
being what they considered to be the corresponding body
part to the persons’ hand or head.

Human interference with horse performance

The animals that reached the learning criterion in the present
study applied more action types, and approached the human
experimenters less often, than horses that did not reach it, as
in Schuetz et al. (2017).

Some horses may have been motivated to try more action
types and to be more persistent in solving the task, while
others may have expected their caretakers to help solve the
task and therefore gave up trying for themselves (horses:
Sankey et al. 2011; Lesimple et al. 2012; Malavasi and
Huber 2016; Ringhofer and Yamamoto 2017; dogs: Topél
et al. 1997). In addition, even though the experimental set
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up of the present study tried to prevent unintentional inter-
ference by the demonstrating persons, some horses may
have been affected by inadvertent cues given by caretakers
when their horses were not successful for several trials. As
horses react to emotional expressions displayed in pictures
of humans (Smith et al. 2016) and in human voices (d’Ingeo
et al. 2019), and read unintended human cues precisely
(Pfungst 1907), sensitive horses may have been affected by
their caretakers’ expectations.

Both the mismatch between human and animal extremity
use, and the possible inadvertent cues used by some human
demonstrators, call for a follow up study with conspecific
demonstrators performing several opening techniques for
further conclusions on the horses preferred social learning
mechanism. Krueger et al. (2014), found that when horse
demonstrators opened a feeding apparatus only with their
head, most observers used the same actions, but it is not
possible to conclude from this whether the observers imi-
tated the demonstration or simply applied a preferred head
technique.
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