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Abstract

Working memory is vital for complex tasks but is under-ex-

plored in non-human species, such as horses. This study evalu-
ates horse working memory through an invisible displacement
task involving delayed choices. Twenty-six horses were tasked
with selecting between two buckets containing a treat, with de-
lay intervals of 10, 30, or 45 seconds between presentation and
decision-making. The accuracy of correct choices was influ-

enced by delay duration, presence of distracting stimuli, and

performance in basic condition. Results showed that horses

could retain information for up to 30 seconds and process in-

formation about object displacement. These findings enhance

our understanding of horse cognition, revealing their capacity

for simple reasoning and a longer working memory span than

previously acknowledged.

Keywords: horses; working memory; displacement task;
transposition test

Introduction

Working memory (WM) plays a crucial role in virtually all
complex cognitive activities. Its importance has been widely
established in numerous studies on humans, including its key
connections with executive functions (Nee et al., 2013), at-
tention control (Engle, 2002), language comprehension
(Daneman & Merikle, 1996), and fluid intelligence (Chuder-
ski et al., 2012). However, little is known about the function-
ing of WM in species other than humans and other primates.
Sparse research in this area includes studies on species such
as pigeons (Diekamp et al., 2002) and mice (Light et al.,
2010) or broad theoretical analyses (Earl, 2023). Neverthe-
less, it has been shown that both in humans and animals, the
functioning of selective attention, as well as the capacity and
retention of working memory, are crucial for overall cogni-
tive abilities (Matzel & Kolata, 2010).

Recent studies reveal that horses are able to perform
complex cognitive tasks (Evans et al., 2024), These include
using symbols to interact with humans (Mejdell et al., 2016),
solving problems through conceptual understanding (Hanggi,
2003) and cross-modal recognition (Lampe & Andre, 2012;
Proops et al., 2009; Proops & McComb, 2012). Horses have
demonstrated the ability to adjust their decision-making
strategies after failure (Lovrovich et al., 2015), may possess
elementary numerical competencies related to spontaneous

quantity assessment (Uller & Lewis, 2009) and are capable of
utilizing local cues from humans, facilitated through joint
attention (Rgrvang et al., 2018; Wathan & McComb, 2014).

Working Memory

The existence of these skills raises questions about the most
fundamental cognitive abilities in horses that underlie them.
Although it is virtually impossible to identify a definitive set
of capacities that determine an animal’s general cognitive
ability, working memory and executive control efficiency
appear to be a good starting point (Constantinidis &
Klingberg, 2016; Gruszka & Necka, 2017; Unsworth et al.,
2015).

There are significant differences in WM retention span and
capacity across different animal species: dogs are capable of
maintaining object representation for up to 240 seconds (Fiset
et al., 2003); in cats, the ability to locate a hidden object
within 30 seconds of its presentation is minimal, but their per
formance significantly improves with 60-second delays (Fiset
& Doré, 2006). Rats typically succeed in tasks with a 60-sec-
ond delay (though, as in humans, retention declines with age;
Bizon et al., 2012; Means & Kennard, 1991; Beatty &
Shavalia, 1980). Capuchin monkeys, on the other hand, were
able to successfully perform a matching task after both 120-
second and 10-minute delays (Tavares & Tomaz, 2002, al-
though it is argued that the retention span was overestimated
in thos study because the monkeys could rely on the familiar-
ity of the stimuli rather than necessairly engage the working
memory, Basile & Hampton, 2013). Drawing firm cocnlu-
sions about systematic differences in working memory span
across species is challenging due to varied methodologies
among tasks. However, it is clear that there siginificant differ
ences in working memory capacity among the species that
have been studied. The considerable interspecies differences
may arise from the specific characteristics of the species be-
ing studied, whose perceptual and cognitive abilities are
adapted to their functioning style and environment (Doré et
al., 1996; Lind et al., 2015; Earl, 2023).

The results regarding WM capacity and retention span in
horses are not only limited but also contradictory. Some stud
ies suggest that horses can maintain information in WM for
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up to 20 seconds (Valenchon et al., 2013) or even 30 seconds
(Baragli et al., 2011), while others indicate that horses are un
able to store information in WM for even 10 seconds
(McLean, 2004). These discrepancies may be attributed to
several factors, including differences in experimental design
(Hanggi, 2010). This situation is somewhat analogous to find
ings in humans, where working memory can depend on both
momentary and lasting factors, such as stress level (Valen-
chon et al., 2013) or age (Cellai et al., 2024). Additionally,
there may be other determinants of WM that are specific to
this species or, at least, difficult to generalize to other ani-
mals. Rochais et al. (2022) found that the type of work per-
formed by horses influenced their memory function, while
age, sex, and breed did not. They reported that riding school
horses performed better in attention and memory tests than
other horses, including sport horses. These findings are sup-
ported by observations that the type of training influences
horses’ attentional engagement (Hausberger et al., 2019).

Displacement Reasoning

The study of WM in humans has consistently demonstrated
that it can only be effectively assessed through tasks that de-
mand both the storage and processing of information. This re
quirement stems from the understanding that working mem-
ory relies on a shared attentional capacity to manage these
dual functions simultaneously. In contrast, tasks that involve
only storage, without engaging processing demands, risk
overlooking the multifaceted nature of working memory (see,
Rhodes et al., 2018).

So our goal was to present horses with a task which engage
an elementary cognitive skill which requires maintaining
some informations in the WM and simultaneously using the
information for simple reasoning. A task that meets the above
criteria and at the same time is relatively uncomplicated,
which has been confirmed by its successful use in examining
children at an early stage of cognitive development, is the test
of the object permanence (Sophian, 1985). Object perma-
nence, as one of the fundamental features of physical cogni-
tion, is the ability to reason about hidden objects and to men-
tally reconstruct their invisible displacement (Jaakkola et al.,
2014). Displacement reasoning in simple object permanence
tasks is an instance of an activity which in certain circum-
stances may require active processing of information stored
in WM.

One of the research paradigms employed in this area is the
transposition task, in which the subject observes an object be
ing placed into one container, which is then swapped with an
empty container or displaced (Doré et al., 1996; Barth and
Call, 2006; Hoffmann et al., 2011; Auersperg et al., 2014;
Nawroth et al., 2015). Solving that type of task is considered
to involve basic reasoning, as it requires mentally recon-
structing the unseen displacement of the object, thereby in-
volving secondary representations (Jaakkola, 2014). Object
permanence was first studied in children by Piaget (1954),
who outlined six developmental stages. Initially, children do

not search for hidden objects. By the third stage, they seek
partially hidden ones, progressing to retrieving fully hidden
items but sometimes erring by looking at olf hiding spots in
the stage 4. In the fifth stage, they consistently find objects at
the correct location, and by the final stage, they can mentally
track objects even when hidden (Dore & Dumas, 1987).
Stages 1-5 involve understanding visible displacements,
while only the stage 6 involves grasping invisible displace-
ments.

Previous studies have demonstrated that certain animal
species are capable of maintaining an object representation in
the context of invisible displacement, including primates
(Barth & Call, 2006), pigeons (Zentall & Raley, 2019),
corvids (Hoffmann et al., 2011), goats (Nawroth et al., 2015),
and psittacids (Auersperg et al., 2014). However, despite the-
oretical evidence and prior success in visible displacement
tasks even with delayed choice, horses have not yet been able
to achieve success in invisible displacement task (Trosch et
al., 2020, Rgrvang et al., 2021).

Conclusions and Hypotheses

Working memory is essential for many cognitive processes
and has been widely studied in humans, but much less is
known about its function in non-human species, including
horses. While horses have demonstrated advanced cognitive
skills like problem-solving, symbol use, and numerical as-
sessment, research on their WM capacity has yielded incon-
sistent results, with retention estimates ranging from 10 to 30
seconds. These discrepancies may stem from differences in
experimental design, task-specific factors, and individual
variations influenced by training or environment.

To explore WM in horses further, we aim to use object per
manence tests, that require both the storage and processing of
information. We hypothesize that horses will be able to store
information in working memory (WM) and use it to solve a
basic reasoning task. Additionally, we expect that task accu-
racy will decrease as the duration for holding information in
memory increases.

Method

The university ethics committee approved the experimental
plan (221.0042.23_2024). Additionally, all horse owners pro
vided written consent for their horses to participate in the
study.

Subjects

Twenty six healthy horses from the same stable were in-
cluded in the study (15 geldings and 11 mares, mean age =
11.5, range = [4, 26]). Twenty of the horses were stabled,
while six were free-ranged. Fourteen horses were primarily
owned or used by a single person, while twelve were used in a
riding school.
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Apparatus

The test horses were housed in 3x3-meter stalls, where sta-
bled horses typically stayed overnight, and free-ranged
horses frequently spent time during the day for grooming and
veterinary care. To facilitate quick and easy repositioning of
the buckets during the experiment, a custom apparatus was
designed (Figure 1). This device consisted of a two-wheeled
wheelbarrow filled with hay, on top of which an adjustable
wooden platform was mounted, allowing the bucket height to
be tailored to the individual test horse. Two black feeding
buckets, familiar to the test horses, were placed on the
platform and secured to the wheelbarrow with ropes to
minimize movement.

Carrots were selected as treats due to their relatively low
odor, minimal risk of provoking allergic reactions, low likeli-
hood of causing digestive issues even with higher intake, and,
last but not least, the general preference of horses for this
type of reward. Considering the high olfactory sensitivity of
horses, specific measures were taken to reduce potential
olfactory cues. These included leaving traces of barley dust in
the buckets, placing good-quality hay in the wheelbarrow,
and positioning additional carrot pieces between the buckets
and the experimenter to serve as distractions.

Figure 1: The device used to provide the experimental setup
to the horses. The large star (black) represents one of two
possible locations of the treat. The small stars (gray) repre-
sent the locations of olfactory background distraction car-
rots.

Procedure

The objective of the experiment was to determine whether the
horse could identify which of two buckets contained the treat.
This study sought to evaluate horses’ working memory
retention under varying time intervals and their ability to
perform reasoning related to ivisible displacement of the treat
and maintain a mental representation of the reasoning’s
outcome.

The general procedural scheme began with placing the ap-
paratus approximately 1.5 meters from the stall door. The
experiment commenced by presenting a treat to the horse and
subsequently placing it in one of two identical, black buckets
(in the test trials, the buckets were then immediately
swapped). The chosen bucket was randomized to prevent
procedural learning and potential bias in the horse’s decision-
making process (Gabor & Gerken, 2010). To control for side
bias, the final position of the reward (left vs. right bucket) was
counterbalanced across trials. Each side was chosen equally
often in a pseudo-randomised order, avoiding predictable al-
ternation patterns. Additionally, rigorous precautions were
taken to ensure that the experimenter provided no non-verbal
cues about the treat’s location throughout the experiment
(Lovrovich et al., 2015). Following a delay corresponding to
the assigned time condition (or immediately in the training
phase), the apparatus was moved close to the stall door,
enabling the horse to select the bucket it believed contained
the treat and consume it. For data reliability, only the horse’s
initial response was recorded and analysed. This meant that
when the apparatus was moved toward the horse's head, the
animal could explore only one bucket. Exploration began
when the horse oriented its head toward the selected bucket.
Regardless of whether the choice was correct or incorrect, the
apparatus was withdrawn after the exploration of the chosen
bucket was completed. If the horse changed its mind—ini-
tially directing its head toward one bucket and then attempt-
ing to explore the other—only the first decision was recorded
as the trial outcome. All behavioural coding was conducted
by a single trained observer using a detailed coding manual
developed during pilot testing. While inter-observer reliabil -
ity was not assessed in this study, the coding protocol was de
signed to minimise subjectivity.

Training Phase Before the experimental phase, each horse
underwent training phase where it made immediate decisions
regarding the treat’s location.

At the beginning, it was confirmed that the horse’s species-
specific needs were met, it had not participated in other train-
ing activities that day, and it exhibited no signs of physical or
mental discomfort.

Initially, the treat was placed twice in each of the buckets.
After the animal understood the association between experi-
menter’s action and localization of the treat, the method of
bucket selection was changed so that the treat was alternately
placed in the buckets. In the third training phase, the treats
were placed twice in one bucket and then once in the other
bucket. Once each horse achieved 100% accuracy in all three
phases of training, the experimental phase began.

Experimental Phase Each horse participated in three experi-
mental conditions, where the variable was the delay (10, 30,
or 45 seconds) between the experimenter’s action and the
horse’s chance to choose a bucket. To ensure balanced pro-
portion of each possible conditions order, the sample was ran

4188



domly divided into six approximately equal subgroups, each
representing a distinct combination of experimental condi-
tions. Each experimental condition was recorded for further
analyses and consisted of three control trials and one test trial.
In total, each horse took part in 12 trials (not including the
number of trials in the training phase).

In the control trials, no additional manipulations were in-
troduced, and success depended on the horse’s ability to re-
call the treat’s location after a set time interval. In the test tri-
als, the empty bucket and the one containing the treat were
immediately swapped after placing the treat. Success re-
quired the horse to perform and recall the outcome of dis-
placement reasoning after a specified time interval. Failure in
the control trials was not interpreted as a lack of understand-
ing of the procedure, given the prior requirement of 100%
success during training. Instead, the result was interpreted as
the horse’s inability to retain the consequences of the dis-
placement due to the time delay.

Although the study was conducted during specific times of
the day when the horses typically rested and no additional
people were present in the stable area, the animals were
sometimes distracted by external stimuli. The most common
distractions were auditory, such as passing vehicles, neighing
horses, low-flying airplanes, and other unexpected sounds.
Some visual stimuli also contributed to distractions, includ-
ing the sudden appearance of another animal (horse, cat, or
dog) within the horse's field of view or the presence of a per-
son.

Statistical analysis

The generalized mixed model was fitted to the data. The re-
sponse variable was success in finding the treat. The indepen
dent variables included time delay, farming type (free-range
or stable), type of work (privately owned or used in a riding
school), and the presence of auditory distractions during the
trial. We also included covariates such as the order of condi-
tions and performance in the control/training condition (num
ber of successes). The model incorporated random effects to
account for the within-subject experimental design, with ran-
dom intercepts specified for individual horses. The selection
of random effects was guided by an analysis of the variance
components. We compared the variance attributable to poten
tial random effects with the residual variance.

In the second step we fitted similar generalized mixed
model but instead of making the performance in control con-
dition a covariate, we used the condition (control vs experi-
mantal) a predictor and included the number of succeses in
any of these condition as a dependent variable.

Statistical significance was set at o = .05. all analyses were
conducted in R (version 4.4.1; R Core Team, 2024) and Ime4
package (Bates et al., 2015).

Results

The horses managed to choose the bucked containing treats in
.77 of the trials. The influence of time delay and several other

predictor variables on success in finding the treats appeared to
be statistically significant. Table 1 presents analysis of de-
viance based on the generalized mixed model.

Table 1: Analysis of Deviance Table (Type II Wald

X2 tests).

Predictor x? df )4
Time delay 8.898 1 003 **
Farming type 0.002 1 960
Work type 0.26 1 .610
Distractions 12.17 1 <.001
Order 3.273 1 .070
Training performance 7.509 1 006 **

# p < 01, %% p < 001

We observed that the larger the time delay the lower the
probability of success (see below for more detailed analysis),
that the auditory distractions presence significantly reduced
the horses’ performance (from .99 to .54, the distractions ap-
peared in 35% of the trials), and that horses who performed
better in training also performed better in the main task.
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Figure 2: The marginal probability of finding the treats
depending on the time delay of the finding stage of the task.
The Vertical lines represent 95% confidence intervals. The

dashed line represents the random guessing level.

The analysis including the condition and time delay re-
vealed that the longer the time interval the lower the horses’
accuracy in finding the treats (x*[1] = 7.9, p = .005). There
was no main effect of the condition (x*[1] = 0.086, p = .77)
and the interaction between time delay and condition ap-
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peared not to be a significent predictior of the accuracy (x*[1]
= 1.1, p=.29). However the time delay was not entirely inde-
pendent form the condition in the influence on the accuracy:
In the longest time delay trials (45 seconds) the accuracy was
not significantly different from random guessing level (.5) in
the experimental condition (mean = .64, 95% CI = [ .45, .8])
but it was significantly above guessing level in the control
condition (mean = .74, 95% CI = [.62, .82]). Accuracy was
above random guessing level in all remaning trials (see Fig-
ure 2).

Discussion

The obtained results partially support previous findings sug-
gesting that the WM retention span in horses can reach up to
30 seconds (Baragli et al., 2011). However, when performing
simple reasoning cocnerning displacement was not required,
horses were able to retain information for up to 45 seconds,
indicating a longer WM retention span under certain condi-
tions. Furthermore, the findings broaden our understanding of
equine cognitive abilities by demonstrating that horses are
not only capable of simple reasoning in the context of
invisible displacement but can also maintain a representation
of the outcome of this reasoning for up to 30 seconds.

Achieving this level of cognitive development, allowing
for object permanence in invisible displacement tasks,
represents a novel finding, contrary to previous research
(Trosch et al., 2020). By adding a delay before allowing
decision-making, the transposition task was significantly
more challenging, yet most horses successfully located the
treat under the 10- and 30-second conditions. This discovery
raises the hypothesis that domestic horses may possess a form
of prospective memory, potentially enabling at least
rudimentary planning of future actions. Given that horses
frequently undergo training within the context of human
interaction, this knowledge could enhance training methods
and improve the safety of individuals working with these
animals.

The use of positive reinforcement in the experimental
procedure raises potential concerns about whether horses
could have been influenced by the scent of the treats when
making decisions. However, distraction methods applied
during the procedure resulted in 23% of experimental trials
and 22% of control trials ending in failure. If horses were
solely relying on olfactory cues, the failure rate in the
experiment would likely have been much lower, and the
horses would not have required prior training to comprehend
the task.

The comparison between control and experimental trials
yields mixed results. Although no statistically significant
difference was found regarding the effect of time delay on
accuracy between the two conditions, horses in the control
condition performed better across all time delays, including
the longest 45-second delay. In contrast, within the
experimental condition, horses exceeded random guessing
accuracy only at the 10-second and 30-second time delays,

while their mean accuracy at the 45-second was not
statistically different from guessing level. So, with some
caution, it can be assumed that in simple tasks requiring only
the recall of treat locations, horses” WM retention may extend
to 45 seconds. The reduced success rate in test trials under
this time condition may not only reflect the increased
difficulty of the task but also the significant impact of
distracting factors, which appear to impair WM functioning
in horses. Exogenous auditory stimuli, causing a
reorientation of attention, negatively impacted the likelihood
of success in experimental trials. Meanwhile, no evidence of
endogenous distraction affecting performance was observed,
suggesting that horses can maintain the representation of
reasoning outcomes despite internal attention shifts.
Endogenous distraction was defined as a situation in which
the horse appeared to lost interest in the experimental setup
and, for instance, chose to explore the box instead, without
being triggered by any specific external stimulus.

It is important to note that not all auditory stimuli visibly
distracted the horses, indicating that the sensitivity of equine
orienting attention may vary individually and warrants
further investigation. Currently, little is known about the
functioning of the equine attentional system and its influence
on cognitive task performance. These results suggest that
exogenous distracting stimuli can significantly affect
cognitive research outcomes in horses. The observed
discrepancies in other studies might not only stem from
variations in experimental protocols but also from the failure
to account for potential exogenous stimuli, which, for flight
animals like domestic horses, may act as stress-inducing
factors.
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