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Horses  (Equus  caballus)  have  a rich history  in  their  relationship  with  humans.  Across  different  cultures and
eras  they  have  been  utilized  for work,  show,  cultural  rituals,  consumption,  therapy,  and  companionship
and  continue  to  serve  in many  of  these  roles  today.  As  one  of  the  most  commonly  trained  domestic
animals,  understanding  how  horses  learn  and  how  their  relationship  with  humans  and  other  horses
impacts  their  ability  to learn  has  implications  for horse  welfare,  training,  husbandry  and  management.
Given  that  unlike  dogs  and  cats, domesticated  horses  have  evolved  from  prey  animals,  the  horse-human
orse behaviour
orse welfare
earning
ocial cognition

relationship  poses  interesting  and  unique  scientific  questions  of  theoretical  value.  There  is  still  much  to
be  learned  about  the cognition  and  behaviour  of horses  from  a scientific  perspective.  This  review explores
current  research  within  three  related  areas  of  horse  cognition:  human-horse  interactions,  social  learning
and independent  learning  in  horses.  Research  on  these  topics  is  summarized  and  suggestions  for  future
research  are  provided.
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ontents

1. Introduction  . . . .  .  . .  . . . .  . . .  .  . . . .  . . .  .  . . .  .  . . .  . . . . .  . . . . . . . . . .  . . . . . . .  .  . . . . . .  .  . . . . . .  . . . . . .  . . .  .  . . . . .  . . . . .  . . .  .  . . . .  . . . .  . . . . . . .  . . . . . . .  .  . . .  .  .  .  . . .  .  . . . . .  . . . .  .  . . .  . .  . 121
2. Horse-Human  interactions  . .  . . . .  . . . .  . . .  .  . . .  .  . . .  .  . . .  . . . .  . . .  .  . . . . . .  . . . . .  . . . .  .  . . . . . .  .  . . .  . . . . .  . . . . . .  . . . . . . .  .  .  . . .  . .  .  . .  . . . . .  .  . . .  .  . . . .  .  . . . . .  .  . . .  .  .  . . . . .  .  . .  . .  . 122
3.  Social  and observational  learning  . . . .  . . . .  .  . . .  .  . .  .  .  . .  .  . . . .  . . . . . .  .  . . .  . . . . . . .  .  .  . . . . .  . . .  . . . .  .  .  . . . . .  .  . . . . . .  .  . . . .  .  . . .  . . . .  . . . .  .  . . . . . .  .  . .  . .  .  .  . . . . . .  . .  . .  . .  .  .  .  .  . 123
4.  Independent  learning.  .  . . .  .  . . .  .  . . .  . . .  . . .  .  . . . .  . . . .  . . .  .  .  . .  . . .  .  . . . . . .  .  . . . .  . . . . . . . . .  . . .  . . . . .  .  . . . .  . . . . .  . . .  . .  . . . .  . . . .  . . .  . . .  . . . .  .  . . . .  .  . .  . . .  .  . . . . . .  .  . .  .  . .  .  . .  . . .124

4.1.  Discriminative  and  generalized  learning  . .  . . . .  . . .  .  . . . .  . . . . . . .  . . .  .  . . .  .  . .  . . .  . . . . . . .  . . . . . . . .  . . . . . .  .  .  . . .  .  . .  .  . . .  . .  .  .  . . .  . . .  . .  .  .  .  .  .  . .  .  . . . . . . . . .  .  . . .  . .  124
4.2.  Reversal  learning  . . . . . . .  . . .  .  . . .  . . .  .  . . .  . . . .  . . .  . . . . . . . . .  . . .  .  . . . .  . .  .  . .  .  . . . . . . . . . . . .  .  . . . .  . . .  . .  . . .  . . . . .  .  .  . . .  . . .  . . . . . .  .  .  . . .  .  .  . . .  .  .  . . . .  .  . . . .  .  . . . .  .  . . .  . . 125

5.  Applied  considerations  .  . . .  .  . . .  . . .  . . . .  . . .  .  .  . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . .  . . . . . . .  . . . . .  .  . . . .  . . .  . . .  . . .  . . . .  .  . . . .  .  . . . .  . . .  . . . . . . .  .  .  .  . . .  . . . . . .  .  .  . .  . . .  . . .  . . .  .  . . .  125
5.1.  The  relationship  between  horse  cognition,  training  and  welfare  . . . . .  .  . . .  . . . .  . . .  . . .  . . . .  .  . . .  . . . .  . .  . . . . .  .  . .  . . . .  .  . . . . . .  .  . . . . . . . . .  .  .  .  . .  .  . .  . .  .  . .  . . 125
5.2.  Factors  affecting  horse  performance  and  considerations  for  future research  . . .  . . . .  . . .  . . . . . . . .  . . . . . . .  .  . . . .  .  . .  .  . . . . .  . . . . . .  .  . .  .  . .  . . .  . . . . . .  .  . . .  127

6.  Conclusion  .  .  . . . . .  .  . .  .  . . . . . .  .  . . .  . . .  .  . . .  .  . . . . . .  .  .  . .  .  . .  .  .  . .  .  . . . .  . . .  . . . . . . .  . .  . . .  .  . . . . . . . . .  .  . . .  .  . . .  .  . . . . . . .  . . . . . . .  .  . . . .  . . .  .  . . .  .  . . . .  . .  .  .  . . .  . . . . . . .  . . .  .  . .  .  . .  .  .  128
References  .  . .  .  . .  . . .  . .  . .  . . . .  . . .  .  . . .  .  . . . . . .  . . . . . . . . . . .  .  . . .  .  . . .  . . . .  . . .  . . . .  . . . . . .  .  . .  . . . . . .  . . . . .  . .  .  .  . . .  .  . . .  . . . .  . . . . . . .  . .  .  . . . . . . . .  .  . . .  .  .  .  .  . .  . . . . . . . . . .  .  .  .  .  . .  . 129

A horse that solves correctly problems in multiplication and division
by means of tapping. Persons of unimpeachable honor, who in the
master’s absence have received responses, and assure us that in the
process they have not made even the slightest sign. Thousands of
spectators, horse-fanciers, trick-trainers of first rank, and not one

That was  the riddle. And its solution was  found in the unintentional
minimal movements of the horse’s questioner (Pfungst, 1911).

1. Introduction
of them during the course of many months’ observations are able
to discover any kind of regular signal

∗ Corresponding author at: Department of Animal and Rangeland Science, Oregon
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On December 9th, 1904 a scientific report was  published detail-
ing how a horse, later known as ‘Clever Hans,’ fooled casual
onlookers, horse experts, and scientists alike into believing that
he could not only do complex mathematical problems, but tell

time and demonstrate knowledge of pitch and music theory among
other cognitive feats (Pfungst, 1911). Of course the horse was not
aware of his trickery or of the mass media that propagated his
fame. Instead Hans had learned to read human behaviour, specifi-
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ally subtle unintentional movements made by a questioner (most
ften a nodding of the head followed by a quick upward gaze at
he horses face) that reliably signaled that the correct number of
oof stomps had been reached (Pfungst, 1911). Hans’ genius was
ot illustrated by mathematical or musical ability but in his ability
o carefully observe and learn about subtle human gestures that
redicted what response would maximize his chances of obtaining

 reward.
Horses are a common domestic animal often used for sport,

ompanionship, and in a variety of working roles (Equus caballus).
omestic horses fill a unique niche in human cultures, as nearly all
f them will undergo some type of extensive training during their
ifetime (Hausberger et al., 2008). Given the diversity in human
ifestyles, it comes as no surprise that there are a wide variety of
eliefs on how horses should be trained, what they are capable
f understanding, and how various training methodologies affect
heir welfare and relationship with humans. It is surprising, then,
hat comparatively little research has been done on the cognitive
bilities of the horse, with nearly seven times less research done on
orse cognition than on rat cognition (Cooper, 2007). The research
hat is available suggests that horses perform very successfully
n a range of cognitive tasks including discriminative learning,
emorization, and concept formation (Thomas, 1986; Murphy and
rkins, 2007; Hanggi and Ingersoll, 2009). As seen in the case of
lever Hans, horses demonstrate acute sensitivity to the actions
nd behaviours of other individuals, including humans (Pfungst,
911; Hausberger et al., 2008; Lansade and Bouissou, 2008; Birke
t al., 2011; Dorey et al., 2014); yet many areas of horse cognition
nd learning remain unexplored (Cooper, 2007; Goodwin, 2007;
urphy and Arkins, 2007).
Modern domesticated horses live in conditions that are in stark

ontrast to their wild ancestors and are often subject to training
nd management techniques that are contrary to their species-
ypical biological drives (Goodwin, 2007; Heitor and Vicente, 2007;

cGreevy and McLean, 2007). This includes asking the horse to
gnore their natural tendency to flee from situations that may  be
earful for them (i.e., working with horses in novel and stressful
nvironments such as carriage work or veterinary hospitals), and to
oth communicate and cooperate with another species that might
therwise be categorized as a predator: humans. Many horses, such
s the racehorse, undergo a variety of management and training
xperiences. This often involves retraining and relearning through-
ut the lifetime of the horse (Goodwin et al., 2009). The exact
mplications of this for learning, cognitive performance and welfare
re not well understood (Hausberger et al., 2008; McGreevy et al.,
009). Scientific knowledge of horses’ perceptual world and cogni-
ive abilities could aid in the design and implementation of training
rograms, as well as care and management systems, increasing the
verall welfare of this species (Heitor and Vicente, 2007; Goodwin
t al., 2009).

Like all animal cognition research, horse cognition can be tack-
ed from a variety of angles using a variety of methods. Horses raised
or different purposes, such as a horse used in hippotherapy versus

 stock horse, may  be exposed to different lifetime factors that could
nfluence their behaviour and cognition in important ways. This, as
oodwin (2007) suggests, may  lead to some discrepancies in the

iterature and can make seamless integration of scientific informa-
ion available about the ‘horse’ as a species a difficult task. As a
esult, a larger body of research on horse behaviour and cognition
han currently exists is needed to establish the full range of cogni-
ive abilities and capacities of horses, and to better understand the
nterplay between genetics, environment and lifetime experiences

hat inform the behaviour of distinct populations and individu-
ls. This review explores the current state of three related areas of
orse cognition that are of central relevance to those working with
orses in both scientific and applied contexts: human-horse inter-
l Processes 126 (2016) 121–131

actions, social learning and basic discriminative learning by horses.
Scientific challenges, welfare and management considerations are
discussed.

2. Horse-Human interactions

Given the diversity of roles horses play in society, the horse-
human relationship is an important area of study from both a
basic and applied perspective (Hausberger et al., 2008). Horses
and humans are often closely bonded, even to the point of some
humans describing their relationship with their horse as being syn-
chronous with them, particularly in the context of riding (Birke,
2007; Maurstad et al., 2013; Smith et al., 2016). Research has backed
this claim up to some extent by showing that a horse’s heart rate
will increase in response to a rider’s increased heart rate, regard-
less of outside stimuli (Merkies et al., 2014). Understanding the
human-horse bond is imperative to the safety of horses and humans
(Hawson et al., 2010; Thompson et al., 2015). This may be espe-
cially true in riding, therapeutic, and other working contexts. The
relationship between humans and horses appears to be complex
and dependent on a variety of factors, including the level of attach-
ment humans feel towards their horse (DeAraugo et al., 2014), the
emotional state of the human (Keeling et al., 2009), and the horse’s
past experience with humans (Sankey et al., 2010c).

In some cases horses have been shown to display acute sen-
sitivity to and memory for humans and human actions. Research
suggests that horses can recognize and remember individual
handlers and trainers and whether past interactions with those
individuals had been positive or negative (Sankey et al., 2010b;
Stone, 2010; Lampe and Andre, 2012). Horses can distinguish
human faces and voices and can match familiar voices to familiar
faces (Proops and McComb, 2012). Horses appear to use multisen-
sory information, including visual, olfactory, and auditory signals to
distinguish between humans, as well as to assess human attentional
state. One study found that when these signals were mixed (when
one person came into the visual field of the horse while an audio
recording from another person was played) the horses looked in the
direction of the signals quicker, more often, and for longer (Lampe
and Andre, 2012). In a different study, horses were more obedient
if a familiar person was  looking at them (rather than inattentive)
when they gave a verbal command; horses monitored an unfamil-
iar person more often and for longer periods of time compared to
a familiar person (Sankey et al., 2011).

Research has shown that operant conditioning can be used to
teach horses to distinguish pictures of human faces with high preci-
sion, even when presented with identical twins (Stone, 2010). Stone
(2010) demonstrated that privately owned horses react differently
in the presence of unfamiliar people in their territory. When each
horse was given a choice to occupy the presence of the familiar
person, the unfamiliar person, or an empty space, horses spent
more time on the side of the pen with the familiar person or in the
empty space than with the unfamiliar person (Stone, 2010). Horses
appear to distinguish between attentive and inattentive humans
with access to food rewards, preferring to approach humans who
are facing and looking at them to those who are not (Proops and
McComb, 2010); similar results have been found by Krueger et al.
(2010). Research has indicated that a horse’s attentional state is
important to a horse’s ability to learn a verbal command and that a
horse’s attention can be manipulated based on the type of reward
offered to the horse during training (Rochais et al., 2014). Lesimple
et al. (2012) showed that horses that failed to complete a task

demonstrated by an experimenter (opening a chest for a food
reward) spent more time showing exploratory behaviours towards
the experimenter and investigating the chest but not attempting to
open it. Similar to findings with dogs (Topál et al., 1997), the authors
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uggest that the horses were attending to the human more often
ue to an expectation that the human would provide the food for
hem, but they acknowledge that more research is needed to better
nderstand this finding (Lesimple et al., 2012). This suggests that
orses are likely sensitive to interpersonal contexts that have led
o positive outcomes in the past, and may  be strong candidates for
dditional research on individual recognition and theory of mind
nd sensitivity to attentional state.

Another area that has received some attention is the ability of
umans to communicate with horses using gestures (i.e. pointing),
odeled after research conducted originally with chimpanzees but,
ore recently, used to assess the social cognition of a wide range

f species including dogs and cats (Udell et al., 2010). Maros et al.
2008a) tested the ability of twenty horses to locate apple pieces in
ne of two buckets – with the “correct” bucket being the one that
he experimenter pointed to. Four different pointing methods were
sed: distal dynamic-sustained (the experimenter’s pointing hand
as at least 80 cm from the bucket and they kept their hand in the
ointing position while the horse made a choice), distal dynamic-
omentary (the experimenter lowered their hand so that it was not

aised while the horse was making a choice), proximal momentary
ointing (the experimenter’s pointing hand was ten centimeters
rom the bucket), and proximal dynamic-sustained pointing with
azing. Horses excelled at all of the pointing tasks except for the
istal dynamic-momentary pointing. This is reflective of findings

n other animals, as it is thought that distal dynamic-momentary
ointing is much more cognitively demanding than other pointing
tyles (Maros et al., 2008a).

Some have suggested that horses may  rely on stimulus or local
nhancement in human-guided choice tasks, instead of a referen-
ial understanding of the gestures themselves (Krueger et al., 2010;
roops et al., 2010; Lovrovich et al., 2015). More research in this
rea is required to tease apart these possible mechanisms. Given
hat some companion animals, including dogs, have performed suc-
essfully using momentary distal points (Udell et al., 2010), these
ndings have raised comparative questions about the social cog-
ition of horses versus other domesticated species (McKinley and
ambrook, 2000), as well as questions about lifetime factors that
ould contribute to the development of human-gesture responsive-
ess by horses.

This is evident in a recent study that asked if horses with dif-
erent training backgrounds varied in their ability to utilize human
ointing gestures to locate hidden food. Dorey et al. (2014) com-
ared ten horses originally trained using “traditional” training
ethods with ten horses originally trained using natural horse-
anship methods. Natural horsemanship training often claims to

mploy a greater use of human gestures as discriminative stimuli
han traditional training, with trainers instructing the horse visu-
lly from the ground (Parelli et al., 1993). To assess the effects
f these different training histories on gesture responsiveness,
esearchers used a momentary distal point to indicate which of
he two buckets (placed one meter from the experimenter) was
correct”. Similar to Maros et al. (2008a), researchers found that
either of the two groups initially performed above chance on this
ask. When given an additional sixty trials (where correct choices
ere always positively reinforced in the same way  – the horse was

llowed to eat the preferred food item), the horses in the natural
orsemanship group were able to learn to follow the cue with sig-
ificantly greater success than those in the traditional group (Dorey
t al., 2014). Past training style appears to influence horses’ success
n human-guided tasks and may  influence other areas of cognitive
bility (Dorey et al., 2014). This finding is supported by Proops et al.

2013) who found that horses seem to develop the skill of following
uman gestures as they age and that lifetime experience plays an

mportant role in this development.
 Processes 126 (2016) 121–131 123

3. Social and observational learning

Horses are herd animals, thought anecdotally to be capable of
learning and copying behaviour from conspecifics (Lindberg et al.,
1999; Krueger and Flauger, 2007; Ninomiya, 2007). A common
training method that is typically utilized by horse trainers is one
in which human handlers employ observational learning method-
ology to train younger horses by using older, well-trained horses
(Murphy and Arkins, 2007). This practice is heavily utilized in
horse training and has important implications for welfare of the
horse, particularly as it relates to group housing and the changing
environment and management that horses often undergo (Nicol,
2002; Christensen et al., 2006). Despite this, few studies have been
completed to better understand how effectively horses learn from
conspecifics (Murphy and Arkins, 2007). In the scientific literature,
observational learning is defined as learning in which a bystander
acquires a new skill or behaviour by watching the actions (and the
consequences) of another individual, usually a conspecific (Zentall,
1996). Observational learning has been demonstrated in many
species (Zentall, 1996). Evidence of observational learning in horses
has been varied, despite anecdotal claims (Baer et al., 1983; Baker
and Crawford, 1986; Clarke et al., 1996).

Some studies have suggested that horses only learn from con-
specifics when demonstrators are familiar and dominant to them
within a herd setting. In one such study observer horses had the
opportunity to watch a familiar dominant, familiar subordinate,
or unfamiliar individual learn to follow a trainer around a pen
(Krueger and Heinze, 2008). The researchers found that subordinate
horses mimicked the behaviour of the dominant, familiar horses,
even in cases where the dominant horse engaged in the incorrect
response (failed to follow the trainer around the pen). Dominant
horses did not learn from subordinate conspecifics, nor did horses
learn from unknown conspecifics (Krueger and Heinze, 2008). In
support of this, Andrieu et al. (2015) found that horses that are
“lower ranking” in a herd setting are followed to a hidden food
source less often than higher-ranking horses (Andrieu et al., 2015).

Clarke et al. (1996) showed that horses failed to follow pattern
cues (i.e., using a black and white pattern as a visual cue over a
solid yellow colour) when observing a horse performing a simple
discriminative task but did show a slight tendency to follow spa-
tial cues (decreased latency to approach the location of the food
reward) after such an observation. This may  be related to the fact
that horses seem to excel at spatial learning over pattern-based
learning more generally, making it an easier task (Hothersall et al.,
2010). Other research has shown that horses do not perform bet-
ter in spatial detour tasks (a maze) after given the opportunity to
watch a demonstrator being led down the correct route three times
(Rørvang et al., 2015).

Lindberg et al. (1999) failed to find evidence of social learn-
ing when observers watched a demonstrator (trained to open a
bin with a food reward inside by pressing on a pedal) before
encountering the task themselves. Other factors appeared to influ-
ence task performance. Younger horses showed more investigative
behaviour and interacted with the testing apparatus more than
older horses. While they were not more successful on this partic-
ular task, increased exploration in the presence of novel stimuli
could give younger horses an advantage in other learning con-
texts (Lindberg et al., 1999). Other research has supported this
finding by demonstrating that horses fail to learn an instrumen-
tal task (opening a container by sliding a lid with their muzzle)
after viewing an observer performing the task successfully but do
interact with the apparatus more after viewing a demonstrator

horse performing the task (Ahrendt et al., 2012). Breeds categorized
as “non-warmblood” (a temperament classification given to cate-
gories of horses that are more calm, agreeable, and are generally
stockier, as in ponies or heavy breeds such as draft horses) individ-
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ally learned the basic operant task faster than warmblood breeds
a temperament classification given to categories of horses that are

ore excitable and energetic; horses such as thoroughbreds and
rabians) (Lindberg et al., 1999). This finding has been expanded
n by Krueger et al. (2014), who found that younger, lower-ranking,
nd more exploratory horses were able to learn to pull a rope and
pen a drawer containing food after observing an older herd mem-
er perform the task. The younger observers learned faster and
ompleted more experimental trials than older observers; whether
his is due to the horse’s age, rank, increased exploratory tendencies
r all of the above is less understood (Krueger et al., 2014).

Inconsistent evidence of social learning in horses to date may
ave more to do with study design, coupled with a shortage of
esearch on this question, rather than the absence of observa-
ional learning skills on the part of the horse (Murphy and Arkins,
007). Many past studies have failed to control for the prior expe-
iences of the horses, or the relationship between the observer and
he demonstrator, making it difficult to draw strong conclusions
Krueger and Flauger, 2007). Given the discrepancies between these
eemingly negative results and anecdotal claims of social learning
n the horse, more research in this area is needed; either to deter-

ine the contexts under which social learning is more likely to
ccur, or to better understand the alternative processes at play −
specially those that may  look like social or observational learning
o trainers.

. Independent learning

.1. Discriminative and generalized learning

The study of discriminative learning in animals not only pro-
ides insight about the basic individual learning capabilities of a
pecies but can be used as a tool to learn about other areas of
hat species’ cognition, including memory and perception as well
s more complex problem solving and reasoning. This knowledge is
mportant for understanding horse behaviour and cognition from

 scientific perspective and may  serve as a useful tool in train-
ng and management contexts. While research on discriminative
earning in horses is still limited compared to many other species,

 much longer history of research exists in this area. As with other
reas of horse cognition, mixed results suggest more research is
eeded with careful attention paid to context, methodology and
emographic factors that could influence performance.

Dating back almost a century, early studies suggested that
orses could discriminate between three basic boxes when the
oxes were placed at various heights and positions (left, mid-
le, or right) by using a black cloth – the discriminative stimulus

 to cover the correct box. Some of these horses were retested
ore than two years later and could still successfully discriminate

etween boxes using the same cue, despite no training between
ests (Gardner, 1933). Since then researchers have attempted to
etter understand the parameters of this ability. In some cases,
orses have been taught to lever press for a food reward, much

ike laboratory pigeons or rats, later using this behaviour to make
hoices in tasks requiring them to discriminate between a vari-
ty of stimuli (McCall et al., 2003), including complex patterns of
hapes and colours to a degree that may  suggest concept formation
Sappington and Goldman, 1994). Blackmore et al. (2008) demon-
trated that horses could learn to discriminate between different
ues of colour, although this ability was limited given that horses
re dichromatic. Horses were less able to distinguish red and green

rom shades of grey compared to their ability to distinguish yellow
nd blue hues (Blackmore et al., 2008).

Horses show the ability to discriminate between 2D and 3D
bjects and generalize this ability when the objects are rotated in
l Processes 126 (2016) 121–131

novel ways (Hanggi, 2010a). Interestingly, horses are more suc-
cessful when viewing an object from the top and less successful
when the object is viewed from the bottom. The researchers sug-
gested that this difference may  be due to visual cues (which are
more easily seen from the top of 3D objects) or due to the fact that
the horses are less familiar with viewing the bottom of objects in
their day to day experience (Hanggi, 2010a). The knowledge that
horses learn about and respond differently to objects based on ori-
entation, colour, size and shape could be valuable in applied and
training contexts, as it suggests that trained responses to certain
props or environmental features may  not automatically general-
ize to other similar items or features in the horse’s environment. It
suggests that scientific studies need to carefully control for these
features when designing protocols for cognitive research in horses.

Horses have proved successful on at least some quantity dis-
crimination tasks. When given a choice between two apples and
one large apple of relatively the same volume, horses will choose
two apples (Uller and Lewis, 2009). Researchers suggest that, simi-
lar to non-human primates and infants, horses could be attending to
an object’s surface area over the object’s volume – objects that take
up a greater surface area may  be more “valuable” or appealing to the
horse (Uller and Lewis, 2009). Whishaw et al. (2009) tested horses
on their ability to remember where a pole on the ground was rel-
ative to their foot position, and results suggested that horses have
excellent place-object memory (Uller and Lewis, 2009; Whishaw
et al., 2009).

Horses appear capable of retaining learned information for
extended periods of time. Hanggi and Ingersoll (2009) showed
that horses could discriminate between previously trained reward-
ing and non-rewarding stimuli, such as 3D household objects and
2D photographs of those objects, for more than seven years after
the initial training. Horses who  had learned to categorized shapes
with and without holes in the center and, in a second experiment,
according to relative size (big or small) could correctly sort shapes
and sizes nearly a decade after initial training, and could gener-
alize these concepts to novel shapes with no additional training
(Hanggi and Ingersoll, 2009). Horses have been shown to remember
people (particularly trainers who use positive reinforcement) and
conspecifics for up to eight months (with the potential for lasting
up to 10 years), even after contact with the individual had ceased
(Miller, 1995; Hanggi and Ingersoll, 2009; Sankey et al., 2010c)

Horses can learn to generalize across at least some visual stimuli.
Gabor and Gerken (2012) found that Shetland ponies successfully
generalized from geometric shapes to symbols (such as a peace sign
or a musical symbol) presented on a computer screen in a match-
ing to sample task within a maximum of eight testing sessions,
with two  ponies achieving learning criteria within the first session.
Gabor and Gerken (2012) acknowledged that there was some diffi-
culty in interpreting what the ponies learned over the course of the
study and whether they had truly performed a matching to sam-
ple generalization, and suggest that it’s possible the ponies used
a procedural learning mechanism rather than learning concepts.
Flannery (1997) found that horses could generalize across differ-
ent shapes and letters with shared features in matching trials, and
that this ability improved with additional training and reinforce-
ment. When matching stimuli were placed farther apart or when
the background stimulus was changed from the initial experimen-
tal conditions (from an uneven wooden surface with beams to a
flat gray panel), horses could generalize information to these novel
environments and presentations (Flannery, 1997).

Dougherty and Lewis (1991), asked horses to discriminate
between a black circle 2.5 in. in diameter (the positive or rewarded

stimulus) and a black circle 1.5 in. in diameter (the negative stimu-
lus). Interestingly, when horses were presented with intermediate
stimuli Dougherty and Lewis (1991) found that, unlike pigeons
and humans, horses showed symmetrical generalization gradi-
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nts (they chose stimuli that were closest in size to the originally
ewarding stimulus on average), as opposed to asymmetrical gen-
ralization (where there is a tendency to choose exaggerated
ersions of the initially rewarded stimulus, i.e. choosing circles
arger than the original positive stimulus on average, represent-
ng an avoidance of the negative stimulus). This may  suggest that
orses find negative stimuli, or the absence of reward associated
ith their selection, to be less aversive than most humans do. This
ints at a fundamental difference between horses and other species,
espite their ability to learn the basic task at the same rate, and
ould have a significant impact on how horses learn and respond
o choice tasks in a variety of settings. Consequently, this may  be
n especially interesting area for future research.

Despite these intriguing findings, research suggests that there
ay  be important limits to a horse’s discriminative learning ability.

or instance, while horses appear to discriminate between visual
timuli in novel tasks for a food reward, they may  fail to use the
ame visual stimuli to solve new problems. McCall et al. (2003) used

 striped board to signal a correct lever that a horse could press
or a food reward. That same board was then used as a stimulus
hat could direct the horse left or right through a simple Y-maze
oward a food reward. Horses were unable to navigate the maze
orrectly despite having used the signal succesfully in the lever-
ressing context. McCall et al. (2003) suggested that their protocol
ay  have been too lenient in the initial training of the visual stimuli,

nd that more training may  have helped the horses generalize the
se of this discriminative stimulus to novel contexts. These findings
ay  alternatively suggest that horses are unable to generalize the

se of discriminative stimuli to new situations or contexts. Horses
ay  benefit from having distinct stimuli for different tasks, such as

sing one stimulus for spatial tasks and another for discrimination
asks (McCall et al., 2003).

While research would suggest that many horses can be suc-
essful on a wide range of discrimination tasks, variability in
erformance has made it difficult to draw conclusions about the
pecies as a whole or applicability to horses kept in different set-
ings (Dougherty and Lewis, 1991; Sappington and Goldman, 1994;
lannery, 1997). Breed, background, study design (especially the
ype of stimuli used), and a number of other factors appear to
mpact a horse’s ability to succeed on discriminative learning tasks
Lindberg et al., 1999; Murphy et al., 2004; Murphy and Arkins,
007; Sankey et al., 2010c; Henselek et al., 2012; Starling et al.,
013).

.2. Reversal learning

Some research has suggested that horses may  lack the ability
o engage in reversal learning. While researchers have found that
orses can be trained fairly easily in a basic discriminative learning
ask, such as discriminating between a black and white coloured
ood bucket for a reward, they appear to have difficulty “unlearn-
ng” that same task in a reversal protocol (Sappington et al., 1997),
.e. learning to go to the white food bucket that previously did not
esult in a reward. Some have suggested that the primacy effect
what was learned first is most salient in an individual’s mem-
ry) may  be crucial to a horse’s ability to perform on certain tasks
nd may  be difficult to overcome; therefore, reversal trials may  not
e an ideal measure of equine cognitive ability (Sappington et al.,
997; Innes and McBride, 2008; Sankey et al., 2010c).

Reversal learning does appear to occur under some condi-
ions. When presented with varying stimuli that contrasted in both
rightness and relative position, Fiske and Potter (1979) found that

orses could successfully learn reversals after 20 trials. Horses that
ere faster at learning the reversal were rated as more trainable

y an independent trainer (Fiske and Potter, 1979). To determine
f the horses were using spatial cues or brightness cues to com-
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plete the reversal task, Martin et al. (2006) compared horses in a
“visual” reversal learning condition to horses in a “spatial” rever-
sal learning condition and found that horses in the spatial group
made fewer and fewer errors over the course of six trials. Horses
in the visual group struggled to even learn the initial discrimina-
tion task and were not subject to any reversal trials (Martin et al.,
2006). Other studies have suggested that horses struggle with both
basic discrimination and reversal learning based on visual charac-
teristics of stimuli compared to spatial stimuli – although horses
can often learn to discriminate visual cues with additional training
(Hothersall et al., 2010). Horses may  form learning sets, or “learn to
learn,” as subjects tend to commit less errors on each reversal trial
as the experiments progress (Martin et al., 2006).

5. Applied considerations

5.1. The relationship between horse cognition, training and
welfare

In addition to the pure scientific value of understanding horse
behaviour and cognition, there are many practical applications for
additional research in this domain. Greater knowledge about the
behavioural and cognitive potential of domestic horses could shed
light on the welfare status and needs of horses kept in a variety
of captive settings. Likewise, understanding how a horse’s genet-
ics, welfare, environment and experiences work together to predict
performance on cognitive tasks or training potential would be
informative to scientists and horse handlers alike. In other words,
integration of knowledge about horse cognition, biology and mod-
ern horse care/welfare practices will likely be of critical importance
to a fully developed understanding of this species and the applica-
tions that could extend from this work.

Rivera et al. (2002) found no physiological differences (i.e. no dif-
ferences in cortisol levels) between pastured versus stalled horses
during basic training, including initial round pen work, desen-
sitization to equipment (lead ropes, bridles, saddles, and saddle
pads), and riding (walk, trot, and canter). Horses that were kept
on pasture with other horses had lower overall training times,
displayed less undesirable behaviours and required less desen-
sitization time to novel equipment during training trials (Rivera
et al., 2002). Søndergaard and Ladewig (2004) found that horses
kept in group housing displayed less aggressive behaviours (such
as biting and kicking) and passed a series of 43 training stages
(including catching, tying, verbal commands for stop, walk, and
trot, and free-jumping) faster than horses who were housed sin-
gularly (Søndergaard and Ladewig, 2004). Other research indicated
that yearlings that were separated from conspecifics habituated to
a novel stimulus and learned an instrumental task faster than year-
lings kept in a group, suggesting that social separation may  result
in decreased emotional reactivity which increased the yearlings’
learning ability (Lansade et al., 2012). This adds to a growing body
of research which demonstrates that the horse’s psychological state
is important in learning, performance, and its relationship with
humans (McBride and Mills, 2012; Starling et al., 2013; Merkies
et al., 2014). The fact that living and testing environment of horses
appears to significantly influence learning abilities may  be due, in
part, to the impacts these factors can have on the horse’s psycholog-
ical well-being. Given the diversity of roles horses play in different
societies and the wide range of rearing and home environments
horses can be found in, this suggests that research findings on the
cognitive abilities of one population of horses may  not be represen-

tative of other populations with different life experiences. Further
research is needed to clarify how and why these populations differ.

Previous research has demonstrated that individuals exhibiting
stereotypic behaviours tend to have stunted learning and problem
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olving abilities and that the type of stereotypy a horse engages
n (such as weaving or cribbing) may  influence their behaviour on
ertain cognitive tasks (Kirsty et al., 2015). Hausberger et al. (2007)
ound that horses with stereotypic behaviours, such as weaving,
ribbing, head shaking, and tongue play, tend to take longer to
earn and complete basic tasks, such as pushing open a chest for

 food reward, when compared to non-stereotypic horses. Horses
ith stereotypic behaviour tended to not lie down or sleep as much

s non-stereotypic horses, which, as Hausberger et al. (2007) sug-
ests, may  lead to lower attention spans and motivation levels that
mpact a range of behaviours. As a result, stereotypy, a phenom-
na that can be a health hazard to the horse and is often troubling
n terms of husbandry, may  be a relevant factor that should be
onsidered when testing horses for learning ability or interpreting
ognitive results. Stereotypic horses appear to differ from typi-
ally functioning populations and may  require specialized training
r methodological approaches (Hausberger et al., 2007), a find-
ng that could be relevant to learning disability studies in human
sychology. It should be noted that past research suggests a cor-
elation between stereotypic behaviours and the stalling of horses
McGreevy et al., 1995), although the exact relationship between
talling, the display of stereotypic behaviours, and learning ability
s still largely unknown.

The duration and method of training may  affect a horse’s abil-
ty to learn. Research has suggested that horses that are trained
very day learn faster, have lower average heart rates during train-
ng, and make less errors during training than horses that are given
reaks (or “days off”) during training. This was only found when
he horses were subject to complex training systems that required

 horse to learn and process multiple pieces of information at
nce, and seemed to not be true for simple avoidance or associa-
ion tasks (Kusunose and Yamanobe, 2002). Horses rehabilitated or
rained using positive reinforcement (as opposed to negative rein-
orcement) techniques tend to have lower training times, higher

otivation to participate in training, engage in more exploratory
ehaviour, appear to perceive training and humans (both famil-

ar and unfamiliar) more positively, have increased memory, and
isplay less problem behaviours during training sessions (McCall,
007; Warren-Smith and McGreevy, 2007; Innes and McBride,
008; Sankey et al., 2010a, 2010b; Slater and Dymond, 2011). The
ype of reinforcement used and the training environment appear to
lay a role in a horse’s perception of humans (Sankey et al., 2010c;
aragli et al., 2011) This is consistent with findings in other animals
Desmond and Laule, 1994; Hiby et al., 2004; Laule and Whittaker,
007).

Horses seem to be profoundly affected by prior positive or neg-
tive associations with their human trainer. Sankey et al. (2010b)
howed that when horses are taught a simple voice command
“stay”) and are then taught to generalize this voice command
o different contexts (such as veterinary care and basic handling
rocedures) using positive reinforcement, those horses engage in
ore affiliative behaviours with known and unknown humans dur-

ng training. Horses trained with positive reinforcement are able
o respond to the voice command even after eight months of no
raining and engage in more affiliative behaviours with known and
nknown humans outside of training contexts when compared to
he control group, which received no reward. This suggests that
reating positive affiliations with human trainers is beneficial to
oth the learning process and the human-horse bond in the long
erm (Sankey et al., 2010b). A study by Visser et al. (2003) showed
hat a negative emotional state, as defined by elevated heart rate
nd engaging in aggressive or anxious behaviours during training

e.g., pawing or vocalizing) may  lead to unresponsiveness during
raining, especially in young horses with little to no prior training
xperience(Visser et al., 2003). This makes sense in light of a recent
tudy that showed that when horses were under stressful condi-
l Processes 126 (2016) 121–131

tions (such as a novel environment) they completed less training
stages when taught to step sideways than horses in a home environ-
ment (Christensen et al., 2012). Other research has shown similar
findings, indicating that a horse’s emotional state can influence how
well the animal learns, at least in the context of discriminative tasks
and reversals and a horse’s memory in a delayed-response task
(Starling et al., 2013; Valenchon et al., 2013; Mengoli et al., 2014).
Horses may  have individual preferences for training techniques
(Visser et al., 2003). This suggests the need for more individual-
ized training programs for horses, a concept that has been shown
in other species, including humans (Visser et al., 2003).

Many animal trainers believe that positive reinforcement
appears to be the best training technique from an animal welfare
standpoint (Pryor, 1999). Some horse trainers have incorporated
this training method, at least partially, in their programs in the form
of clicker training (using a secondary reinforcer, such as a clicker or
tongue pop, to mark a correct response in a training context prior
to the delivery of food or some other positive reinforcer) (Pryor,
1999; Kurland, 2004). Despite this, many horse trainers, handlers,
and caretakers rarely use this training method. Cultural traditions
surrounding horse training and the belief that this method may not
be effective in horses are commonly cited reasons for this choice
(McCall, 2007).

While researchers have found ways to use positive reinforce-
ment for basic operant tasks with horses (Sappington and Goldman,
1994; Hanggi, 2003; McCall et al., 2003; Innes and McBride, 2008;
Murphy, 2009; Hanggi, 2010b), less empirical research has been
done on the effectiveness and outcomes of different training meth-
ods more broadly. The research that does exist suggests that many
common equine practices, such as farrier work, loading into a
trailer, and the reduction of problem behaviours (such as biting) can
all be trained using differential positive reinforcement (Slater and
Dymond, 2011; Fox et al., 2012). When combined with the evidence
that positive reinforcement appears to be beneficial for training
and the human-horse relationship (Sankey et al., 2010a), this sug-
gests that some of the popular cultural beliefs surrounding horse
trainability may  be incorrect and in need of further investigation.

As horses are a typically a ridden animal, in many settings using
only positive reinforcement as a training method may  present chal-
lenges for researchers and trainers alike which may be very difficult
to overcome. This is especially true under conditions where neg-
ative reinforcement may  occur as a natural contingency (e.g., the
rider removing equipment or shifting their weight to keep balanced
in response to a horse’s actions). More user-friendly education
about positive and negative reinforcement and the use of rid-
ing techniques that correctly maximize horse welfare and human
safety may  reduce the apparent gap between empirical findings
and applied practices. Horse trainers and owners often incorrectly
implement negative reinforcement or positive punishment with
horses, leading to welfare concerns and behavioural problems –
identifying effective strategies to educate owners, handlers and
trainers about horse cognition, including the best ways to imple-
ment principles from learning theory (and avoid the undesirable
side effects associated with aversive control) may  be an important
direction for future applied research as well as animal behaviour
education (McGreevy and McLean, 2007; Ödberg and Gombeer,
2012; Baragli et al., 2015).

One popular training technique or practice gaining traction in
the horse community is the idea of “natural” or “sympathetic”
horsemanship. This technique allegedly utilizes horse ethology in
the hopes of creating a more efficient training program while simul-
taneously increasing horse welfare (Birke, 2007). Although such

methods often imply a scientific approach, the use of scientific ter-
minology in popular training programs is often incorrect and not
true to the underlying ethological or scientific findings that they are
reportedly borrowed from (McGreevy and McLean, 2007). Never-
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heless, some research has suggested that the resulting approaches
ay  still have advantages when compared to conventional train-

ng methods. Visser et al. (2009) found that horses trained using
onventional methods, which often employ punishment and neg-
tive reinforcement techniques, i.e. horse breaking, showed more
igns of fear and stress (including higher heart rates during train-
ng and future riding) when compared to horses trained using
ympathetic horsemanship methods. Likewise, Fureix et al. (2009)
ound that horses trained for basic handling using natural horse-

anship methods were faster in their approach to an unfamiliar
erson when compared to horses trained with traditional meth-
ds. Given that no difference was found between the two groups in
erms of their emotional reactivity during handling, the researchers
cknowledged that more studies are needed to draw definitive con-
lusions (Fureix et al., 2009). Recent research has shown that there
re differences between breeds in how horses respond to a sympa-
hetic training approach, suggesting that not all horses will respond
o a training technique in the same way (Janczarek et al., 2013).

It may  be important for future research to define what con-
titutes traditional versus natural horsemanship. Some, including
irke (2007), suggest that the general methodology employed
y natural horsemanship may  often be similar to conventional
ethods; the culture or mindset associated with natural horse-
anship may  promote positive feelings among human members

nd encourages them to rely less on tradition alone (Birke, 2007).
his is supported by the fact that horse training techniques rely
n negative reinforcement, regardless of whether they are sym-
athetic or not (Baragli et al., 2015), and more research is needed
o better discern why one training method appears more effective
han another.

There may  be less explored downsides to natural horsemanship.
his is particularly true given the tendency to emphasize the repli-
ation of horse–horse social behaviour during training, which can
resent the possible danger of encouraging unwanted behaviours
ith people that horses engage in with conspecifics. This includes

ough play-fighting or the aggression that comes when horses
stablish herd hierarchies (Birke, 2007; McGreevy et al., 2009).
ome natural horsemanship approaches capitalize on the notion
hat horses may  perceive humans as predators. The human-horse
elationship appears to be more complex than one described as

 traditional prey/predator relationship (McGreevy et al., 2009).
irke et al. (2011) showed that the manner in which a human
pproached a horse affected the horse’s flight distance. A direct
as opposed to indirect) approach led to larger flight distances in
xperienced riding horses. A fast approach lead to greater and faster
ight responses in feral ponies. Unlike other vertebrae species, indi-
ect gazing increased the horse’s reactivity, and tense versus relaxed
ody posture seemed to have no effect on the horse’s flight distance
Birke et al., 2011). The assumption that the human-horse relation-
hip is similar to a traditional predator-prey relationship may  be
awed.

Given the wide variety of training techniques used by train-
rs with their horses, including natural horsemanship, traditional
ethodology, positive reinforcement or a combination of those

DeAraugo et al., 2014), it is of no surprise that there is much con-
usion about how horses should be handled, ridden, and trained.
everal researchers have suggested that properly utilizing learn-
ng theory in horse training and riding (Goodwin et al., 2009;
awson et al., 2010; McLean and McGreevy, 2010a; Ödberg and
ombeer, 2012; Baragli et al., 2015) as informed by equitation sci-
nce (Ödberg and Bouissou, 1999; Goodwin et al., 2009; McLean
nd McGreevy, 2010b) is the most logical approach to main-

aining equine welfare and human-horse safety in a variety of
ontexts. Thus more research is needed to determine what aspects
f training, or differences training culture, can account for reported
ifferences in horse and human behaviour where differences exist,
 Processes 126 (2016) 121–131 127

as well as possible benefits and downsides of different meth-
ods in terms of welfare and the human-horse bond (McGreevy
and McLean, 2007). More research evaluating positive reinforce-
ment based methods for horses, including clicker training (Kurland,
2004), is needed, particularly when considering the difficulty in
providing positive reinforcement from a riding position (Starling
et al., 2013). Here substantial differences are known to exist based
on learning theory (when compared with traditional methods),
yet empirical studies in this area are limited. This is especially
important given evidence that these methods are sometimes less
utilized by the general public or, more often, are applied incorrectly
(Hockenhull and Creighton, 2013; Baragli et al., 2015).

5.2. Factors affecting horse performance and considerations for
future research

Research suggests that a number of individual factors, includ-
ing sex, breed, social status and genotype, can influence a horse’s
learning style and abilities. In an experiment done by Murphy et al.
(2004), horses were given a task that required them to use depth-
based visual cues to obtain food from one of four stalls. Each stall
had a food reward that was  either accessible to the horse, or not,
based on the depth of a wooden board positioned at varying lengths
from the reward. When the board was placed at a depth of 1.1 m
the horse could obtain the reward, making the stall with this design
the optimal choice. In the other stalls, boards were positioned
at increasing increments of 0.3 m,  such that the horse could not
reach food in any of the other stalls. While female horses located
the stall with accessible food slightly faster than male horses on
the first trial, female performance remained largely unchanged
throughout six trials. In contrast, the male horses took longer to
solve the task on the first trial but were faster to solve the task
than females on all subsequent trials, making fewer errors over-
all (Murphy et al., 2004). A similar study by Wolff and Hausberger
(1996) found that the age of the horse, sex, and the sire did not affect
the horse’s ability to learn during the relatively simple instrumen-
tal task of opening a chest for a food reward. Foals of a particular
sire tended to take longer to learn the task, suggesting that genetics
may  play a role. Mares tended to learn faster than stallions, show-
ing that females may  excel at instrumental tasks while males excel
at visual-spatial problem solving (Wolff and Hausberger, 1996;
Murphy et al., 2004). This may  be due, at least in part, to head
or eye shape difference between horses, as individuals and breeds
can have dramatically different head shapes (e.g., the Arabian) that
may  influence learning. These findings were supported by a recent
study that demonstrated that offspring of certain sires and dams
showed higher learning efficiency during target training than off-
spring from other sires and dams, indicating that genetics do play
a role in a horse’s learning ability (Bonnell and McDonnell, 2016).

Perceptual abilities interact with study design to influence
performance. Multiple studies have found that the placement of
stimuli in basic discrimination trials can unintentionally alter suc-
cess rates. When signals for food are placed above eye level, horses
have been shown to be less successful on a basic operant task
than when stimuli are placed at or below eye level (Gardner,
1933). When stimuli are placed at ground level, horses are even
more successful (Hall, 2007). Likewise, stimuli placed laterally
around the horse can lead to enhanced discrimination success,
while decrements in performance have been noted when stimuli
are placed directly behind, or nearly directly behind, the horse; a
finding that makes sense given a horse’s blind spots (Hanggi and
Ingersoll, 2012). While some hypotheses have been proposed for

such outcomes, e.g. horses are less comfortable with their head
held high (Hanggi and Ingersoll, 2012), more research is needed to
understand these performance trends. Nonetheless, these results
demonstrate that placement of stimuli may  be a critical considera-
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ion when assessing a variety of cognitive abilities in the domestic
orse.

It has been suggested that horses may  have colour-vision abil-
ties that are similar to humans with red-green colour blindness,

aking them dichromatic and potentially hinting at problems in
he design of discrimination tasks that rely solely on colour (Hanggi
t al., 2007). In a study that tested a horse’s reaction to a variety of
oloured mats, it was found that horses reacted more to mats in yel-
ow, white, blue, and black than mats in grey, brown, green, or red.
nterestingly, yellow, white, and black mats elicited more aversive
eactions from the animal, but only if the mats were placed on the
round (Hall and Cassaday, 2006). If the mats were placed on the
all, less aversive behaviour was shown (Hall and Cassaday, 2006).

his is may  be because horses are more likely to attend to stimuli
hat is at or near ground level in general (Hall, 2007) or this differen-
iated response could be based on previous experience with similar
timuli (Hall, 2007; Fureix et al., 2009; Sankey et al., 2010c). Horses
ay  have previous experience with differently coloured food buck-

ts, tack, or wall decorations that are often encountered in human
nvironments, leading to some desensitization and less aversion
hen confronted with the coloured stimulus (Hall and Cassaday,

006).
Some anecdotal evidence suggests that horses will react differ-

ntly to a stimulus depending on which side the horse views the
timulus on. Many horse trainers will claim that each side of the
orse is a “new side” and that horses are likely to react in novel
ays when the sides are switched. Because of this, a common train-

ng belief is to ask the horse to approach a human with both eyes,
s opposed to one more than the other (Hanggi, 1999). There is no
natomical reason for why horses would be incapable of brain later-
lization (Olivares et al., 2001; Aboitiz et al., 2003). Indeed, in what
ppears to be contradictory evidence to these anecdotal claims,
orses were taught a basic discrimination task using a positive
isual stimulus and a negative visual stimulus while one eye (right
r left) was covered. Horses were able to learn the task with one
ye covered and replicate it while the “learning eye” was covered
nd the untrained eye was  uncovered (Hanggi, 1999). Horses could
hen perform a reversal of the initial task. This would be indicative
f interocular transfer, or the ability to transfer information across
rain hemispheres (Hanggi, 1999).

Other studies suggest that lateralized emotional processing
ccurs in the horse, a finding that is consistent with research done
n the horse’s closest undomesticated relative, Przewalski horses
Austin and Rogers, 2014). Researchers presented horses with pos-
tive (a feed bucket the horses were familiar with), neutral (a novel
range cone), and negative (a white coat commonly worn by the
arn veterinarian) stimuli. Horses took the longest to approach the
egative stimuli, showed a preference to view the neutral stimuli
ith their right eye, and used their right nostril more often than

heir left when investigating the neutral and novel object. Horses
ended to use their left eye to investigate the negative stimulus and
oth eyes to investigate the positive stimulus (Deboyerdesroches
t al., 2008). Research has indicated that horses appear to prefer to
iew humans with their left eye; and although horses are tradition-
lly trained on their left side, this finding was found in horses who
ad been trained from both sides (Farmer et al., 2010). These results
ay  hint at the animal’s emotional state while assessing stim-

li, a potentially important factor while performing behavioural
esearch on any animal, but in particular on predominantly monoc-
lar animals such as horses (Deboyerdesroches et al., 2008; Farmer
t al., 2010; Leliveld et al., 2013).

Complicating the problem of testing equine learning ability is

he perception that horses lack an ability to focus their attention on
ny one stimulus for an extended period of time. Research on this
as yielded mixed results (McLean, 2004; Murphy, 2009; Whishaw
t al., 2009; Hanggi, 2010b). If this is true, it would be in contrast
l Processes 126 (2016) 121–131

to other animals used in behaviour research, such as dogs, which
are often asked to focus their attention on a researcher or human
handler for extended periods to accomplish some goal (e.g. Miklósi
et al., 2000; Jakovcevic et al., 2012; Udell et al., 2013). Conversely,
as is evident with Clever Hans, there are reports that horses are
capable of responding to very subtle movements given by human
handlers (Pfungst, 1911; Maros et al., 2008b; Dorey et al., 2014),
a trait used by trainers and handlers but not well covered by the
empirical literature (Hall, 2007). Some have suggested that horses
may  be strongly driven by survival needs, and have difficulty gener-
alizing learned concepts, particularly those associated with visual
or spatial stimuli. Though this has previously been associated with
poor learning ability, Hall (2007) suggests it may  be due to their
biological niche and status as a prey animal, not a lack of intelli-
gence. Given that dogs and cats fill a different niche as scavengers
and predators, this may  be another important consideration in the
design and interpretation of future research, especially for compar-
ative studies.

Both memory and human influence may  influence performance
on cognitive tasks. McLean (2004) found that when horses were
allowed to view and hear the dropping of food into a bucket,
they could successfully chose that bucket upon immediate release.
Horses did not successfully chose the rewarding bucket after a ten-
second delay (McLean, 2004). McLean (2004) notes that people
tend to have expectations of their horses in regards to cognitive
tasks, and this may  have contributed to experimenters inadver-
tently cuing horses during trials. To test this hypothesis, Murphy
(2009) tested horses in a Y-maze apparatus with a food bucket
at each end. Horses were allowed to view and hear feed being
dropped into the bucket but were delayed in their release for up
to 12 s. An apparatus was built that allowed the experimenter who
delivered the food to remain out of sight of the horses, while han-
dlers were only involved with collecting the horses after they had
been tested and bringing them to the “start” position of the maze,
where the horses were then allowed off of their lead ropes but were
kept in place by a gate that handlers could open once they stepped
away from the horse. Horses were able to solve the problem above
chance and improved in subsequent trials, suggesting that horses
may  have a trainable form of memory (Murphy, 2009). Similarly,
Hanggi (2010b) found that horses who  were taught to stand with-
out a handler at a start point while viewing feed being dropped
into two buckets (with the experimenter who  delivered the food
hiding behind a board between the buckets during testing trials)
could chose the rewarding bucket after a 30 s delay. This was true
even when horses attended to distractions in the environment and
did not maintain their gaze on the bucket (Hanggi, 2010b).

Study design plays an important role in assessing and inter-
preting the outcomes of horse behaviour and cognition research.
Catering to a horse’s prey animal nature, using spatial cues over
visual, being mindful of any signals coming from researchers, and
placing stimuli near the ground may  allow for better and more accu-
rate evaluations of equine cognitive capacity. Researchers should
be cautious of anecdotal claims when designing, implementing, and
interpreting results regarding equine cognitive abilities, as horses
appear to be much more capable of solving complex problems and
learning advanced tasks than previously thought.

6. Conclusion

Horse cognition research sometimes yields results that contra-
dict commonly held beliefs about horse cognition and behaviour,

and thus common horse management and training techniques
(McCall, 2007; McGreevy and McLean, 2007; Murphy and Arkins,
2007). Consequently, greater empirical knowledge could improve
horse welfare while simultaneously adding to a base of research
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hat can be used to better understand the horse as a species. This
ould allow for more comparisons with other animals, particularly

ompanion animals and other grazing ungulates such as cattle and
heep.

It would be folly to not acknowledge that there is difficulty
tudying an animal such as the horse. While horses themselves
ay  be relatively easy to obtain, their care and housing is much
ore expensive than typical research animals, often resulting in

maller sample sizes that make drawing definitive conclusions dif-
cult (Cooper, 2007). Researchers can use volunteer subjects, but
he public may  sometimes be wary of experimentation when it
omes to their animals, regardless of whether the research has
een approved by an ethical committee or not (Murphy and Arkins,
007).

It is clear from the empirical work that a horse’s background
an have dramatic effects on research results, and this can be
hallenging to control for when using volunteers, unless, as some
ast researchers have done, only foals are used. This can influence
esults, as younger horses appear to perform at least somewhat dif-
erently on cognitive tasks than older horses. As with the study of
ny species, scientists may  encounter horse-specific limitations or
hallenges that determine what can and cannot be studied effec-
ively within certain populations. These limitations should not
iscourage further research, but instead should inform the ques-
ions asked and procedural designs used.

More public outreach is needed if extension of scientific find-
ngs to applied work is to be achieved; a task that many equine
ehaviourists report as a challenge (McCall, 2007). This may  explain
hy common beliefs of many horse handlers and trainers – for

xample, the idea that horses are not good at basic discrimination
nd generalization tasks, or that positive reinforcement training
annot be employed effectively with this species – are not con-
istent with the findings of modern scientific research on horse
ehaviour. Overcoming these problems is not an easy task, but
ould make an important difference in the understanding, care and
elfare of horses and human-horse interactions on a monumental

cale. The current research on horse behaviour and cognition has
rovided an important foundation for what can and should become

 rich and exciting area of basic and applied research in years to
ome.
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