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Abstract

It is vital that the impact of different horse training approaches (TAs) is studied to ensure the methods employed are effective,
ethical, and do not compromise equine welfare. While a range of TAs are referred to within the scientific literature, no
research has explored whether the way these are applied, described, and reported is consistent across existing studies. This
is problematic as differences in training application and method reporting may alter study outcomes, limit the potential for
inter-study comparison, and impede effective scientific communication. A systematic search of the published literature from
three online databases (Scopus, Web of Science, and PubMed) was used to identify studies that apply horse TAs within their
methodology. A description of the training protocols was extracted from each paper and used to categorize the training
approach(es) employed, identify their defining characteristics, and assess consistency within TA description. A total of 75
studies published between 1992 and 2021 were reviewed using a mapping review method, within which ten distinct TA
categories were identified. Six of these aligned directly with the principles of learning theory; however, distinct differences in
their application were identified. The four remaining categories were less clearly defined, with a wider range of terms used to
describe them. Limited information provided within some methodologies would render accurate study replication impossible.
This study highlights a need for more consistent and detailed reporting of horse TAs within the scientific literature, and
subsequently, some initial recommendations to promote this have been made. This would facilitate communication between
researchers and further enable comparisons to be made across studies, ultimately improving understanding of modern horse
training practices and their welfare impact.
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1. Introduction have prompted considerable public uproar surrounding the
use of horses in modern sports [3,4]. One area that appears
to be of the greatest concern to both spectators [5,6] and
industry stakeholders [7,8] is the continued use of training
practices considered to be highly aversive, involving high
levels of punishment or that conflict with the horse's learning
capabilities. Consequently, there is a growing need for more
ethical and socially acceptable horse training approaches to be

Animal-centered industries are continuously striving for
the implementation of more 'welfare-friendly' and socially
acceptable management and training practices to help
ensure their continuation by obtaining and maintaining
Tegitimacy' in the public eye [1,2]. This is particularly true of
equestrian disciplines, where a series of 'bad press' incidents
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utilized, while still ensuring that the approaches are effective
in meeting training aims and minimizing the risks to safety
associated with horse riding and handling activities [9,10].

The term 'training' is typically used to mean 'the intentional
modification of the frequency and/or intensity of specific
behavioral responses’ [11], which can be achieved using
a variety of different training approaches (TAs), applied
together or independently. For example, desirable behaviors
can be rewarded to increase their frequency, or undesirable
behaviors reduced through the application of punishment.
For horse training to be both effective and ethical, it is vital
that TAs are carefully selected to ensure they align with
the underpinning cognitive principles of animal learning
[12-14] with careful consideration given to their limitations
and potential welfare implications. For this to be achieved, a
comprehensive and unbiased understanding of different TAs
must first be established. This relies on robust, well-reported,
and peer-reviewed research being conducted to compare
different TAs, investigate their effect on the horse, and assess
their potential to influence welfare, to ultimately optimize
horse training practices.

Over the last 30 years, the number of published studies that
focus on horse training has rapidly increased as equitation
science continues to be a growing area of research interest
[15,16]. While this is a positive step toward improved
understanding and subsequently more informed decision-
making in this area, the nature of equine research means
that physical and financial constraints often limit the scale
to which research can be conducted by a single research
team [17]. Consequently, studies involving small and often
heterogeneous samples make up the body of work in this
area, which may contribute to reduced result credibility when
studies are considered in isolation. Maximizing opportunities
for inter-study comparison and method replication is,
therefore, a vital step to increase confidence in the findings
and subsequently facilitate their real-world implementation
[16-18]. To achieve this, existing methods must be applied
consistently across different research groups and the
terminology used to describe them universally understood
to facilitate clear communication both within the scientific
community and between researchers and individuals who are
directly responsible for training horses [19,20]. The need for
this is particularly pressing, given that poor understanding
of horse training terminology is frequently highlighted as an
area of concern within both horse-owner and practitioner
populations [21-24] and may further hinder research
interpretation and continued application at the industry level.

While attempts to review the equitation science literature
have been made [17,25], none aim to identify which
TAs are receiving the greatest research focus and assess
methodological and terminology consistency across existing
work. A comprehensive review of existing TAs and their
application is critical to informing the development of future
study methodologies and facilitating consistent reporting of
equine training protocols within the literature. This would
further enable comparisons to be drawn across multiple
studies, increasing confidence in their findings and ultimately
improving understanding of modern horse training.
Consequently, this study utilizes a mapping review [26]
approach to answer the following questions: (1) Which horse
training approaches have been applied within the published

scientific literature? (2) Which terms are used to describe
the TAs identified? (3) Are inconsistencies in terminology
use or study reporting that may limit inter-study comparison
present within existing work?

2. Method

2.1. Study Identification and Retrieval

In December 2021, a literature search for published research
articles written in English was conducted using three
online databases (Scopus, Web of Science, and PubMed).
Variations of the following search terms were applied:
("training method"” OR "training” OR "punishment” OR
"reinforcement”) AND ("horse” OR "pony” OR "equidae”
OR "equine”) AND NOT "exercise.” The search terms were
intentionally broad to capture as widely as possible. The
term 'exercise’ was excluded to minimize the use of the term
'training' to mean physical conditioning, rather than a means
of behavior modification. Despite this, the search still yielded
many studies that were unrelated to the topic of interest,
leading to a considerable number being excluded (Figure 1).
The literature was exported to Mendeley Desktop referencing
software for sorting, and later to Microsoft Excel for data
extraction. Titles and abstracts were initially screened by one
author (EB) and were excluded from further review if they (1)
did not refer to the species of interest, (2) did not describe the
application of (non-physical) training method/s, (3) were not
original primary research, or (4) were published more than 30
years ago. Studies where the training method was not directly
applied (e.g. survey-based studies) were also removed, as
these methodologies typically rely on horse owners reporting
on their own training approach and are therefore subject to a
greater level of bias [27] or may lack sufficient detail in their
description to facilitate review. Studies that focused on other
equids (e.g. donkeys) as the main training subject were also
excluded, as it is generally recommended that horse training
strategies are not directly applied to donkeys [28] given
the differences in their behavioral response to threats and
potential differences in spatial reasoning [29]. The remaining
articles were retained for full-text review.

2.2. Coding of Studies and Data Extraction

A description of the training protocols applied within each
study was extracted verbatim from their methodology
section. These descriptions were then reviewed to identify the
defining characteristics and learning theory principles that
underpinned each of the techniques used to modify horse
behavior within these protocols. This information was then
used to group the techniques into individual TA categories.
As some studies involved applying more than one TA, the
aim was not to categorize each article but rather each training
approach described within an article. The descriptions of
training and the terminology used were recorded and later
assessed for consistency against other work that involved the
same TA. To increase the reliability of the assessment process,
15 of the studies (representing 20% of those included) were
randomly selected and assessed by two authors (EB and EJB),
with the latter blinded to all other study information. Inter-
assessor agreement was assessed using IBM® SPSS® Statistics
(V29) software, and any discrepancies between assessor
coding were recorded and later discussed until a consensus
was reached. Agreement between assessors across 20% of the
sample was almost perfect (k = 0.952; p < 0.001) [31], with
only a minor difference seen in relation to 'habituation’ and
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how this should be coded. These discrepancies were easily
resolved during a follow-up discussion where a consensus
was reached.

The following additional information was also extracted
from each study: (a) bibliographicinformation (e.g., authors,
publication date, and publishing journal); (b) sample size;
(c) study aim and variables; (d) the reasons for applying
the training; and (e) additional notes about the training
(for example, 'type of reinforcer' given, where appropriate).
Any areas within the text that had the potential to limit
accurate study interpretation or replication were recorded
for further discussion.

3. Results and Discussion

3.1. Overview of Studies

A total of 75 studies were included in this review
(Supplementary Materials). Only six studies were published
before the year 2000 (Figure 2), which may reflect the growing
interest in equitation science over the last 20 years, perhaps
in response to the increasing recognition of animal welfare
and sentience [32,33] resulting in greater consideration for
the ethical nature of horse training [34,35]. It may also have
been driven by the establishment of the International Society
for Equitation Science in the early 2000s, which advocates for
the integration of science within equitation [15].

Authors' reasons for applying training within each study
loosely fell into one of three categories: (1) 'training approach
comparison,’ (2) 'training approach application,” or (3)
'equine cognitive research.' "Training approach comparison'
studies involved applying more than one TA and comparing
the outcomes associated with each. 'Training approach
application' studies applied one training approach and
assessed their viability when applied to horses or documented
the outcomes associated with the approach (without
comparison to other approaches). ‘Equine cognitive research'
studies were those where the primary aim was to investigate
factors associated with equine learning, memory, or cognitive
abilities. Any training applied within these studies was only
used to facilitate data collection (e.g., teaching horses to touch
a specific shape to enable memory testing) and was not the
focus of the research.

3.2. Training Approach Categorization

Following a review of the training protocols described within
each study, ten unique TAs were identified by the assessors
(Table 1). Six of the TA categories ('positive reinforcement,’
‘negative  reinforcement,’ ‘'combined reinforcement,
‘positive punishment," 'combined positive punishment and
negative reinforcement,’ 'habituation’) were considered to
align directly with associative or non-associative learning
principles [14], while the remaining four TAs either
involved utilizing a combination of different learning theory
principles, were underpinned by concepts that do not align
with learning theory, or were reported in a way that made
it not possible to definitively identify the learning principles
associated with them.

—

Identification of studies via databases and registers }

Records identified from:
g ecords identitied from Records removed before
ki Scopus (n =2712) _ Screening:
£ Web of Science (n = 2560) D“phm‘&‘fcfg‘;;; emoved
= PubMed (n= 1371 B
e ubMed (n ) Records removed for other
=
Total = 6643 reasons (n = 1262)
— |
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Titles/abstracts screened Not Relevant* (n=1081)
(n=3529) Exercise-based (n = 2340)
l Not original research (n = 20)

Full text manuscripts sought
for retrieval >
(n=288)

Reports not retrieved
(n=6)

Screening
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Reports assessed for Training not applied within the
cligibility > study (relied on owner
(n=82) reporting) (n = 6)
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l

Studies included in review
n=75)

(tncludea | [

*Titles/abstracts were completely unrelated to the topic or about a different
species (not Equidae).

Figure 1: The number of articles included and excluded at
each stage of the retrieval process. Adapted from the updated
PRISMA reporting guidelines [30].
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Figure 2: Studies included in this review (n = 75) displayed by
year of publication.

Along with identifying which TAs have been studied within
the scientific literature, a secondary aim of this study was
to evaluate the way in which the methodologies of these
studies were reported. This evaluation included exploring
terminology use and identifying areas within the text that
could limit accurate study interpretation, replication, or
reduce the impact of the findings in practice. This assessment
resulted in four key areas for discussion being identified: (1)
the use of inconsistent terminology and poorly described
methodologies; (2) within-approach variation in method
application; (3) lack of information provided in some studies
limiting readers' ability to identify/replicate the methods
applied; and (4) misrepresentation/mislabeling of learning
principles that underpin an approach. These points will be
further discussed, with examples of each provided. Further
discussion around the fact that ‘negative punishment' was
not mentioned by any authors, and the limited recognition of
‘combined positive punishment and negative reinforcement’
as an approach to modify horse behavior is also provided.
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Table 1: Key characteristics of horse training approaches identified within the published scientific literature.

The training

approach Number
category of studies
identified within that
thi i i

s review 1nvoly ¢ Key characteristics of the training approach Overview of studies and additional comments
(Alternative applying
terminology t.hf?
used within training
the scientific approach
literature)

b qsitive 11/41 (26.8%) studies referred to the learning process that underpinned

Reinforcement this approach as only 'reinforcement,’ which does not differentiate it from

(‘clicker negative reinforcement.

training,’ None of the studies mentioned 'megative punishment,” even though both

differential- assessors considered it to be a key feature of the training applied in at least

reinforcement- 'Positive reinforcement' (PR) was defined as six of the PR studies.

of-other- 'the addition of pleasant stimuli after a behavior  40/41(97.6%) used food as the reinforcer (some also used tactile reinforcement
C is performed to increase the likelihood that it alongside this), while the remaining study used 'scratch' to train only foals.

behavior," food 41 . . . : o .

. ) is repeated. A secondary reinforcer was used in 22/41 (52.7%) studies (there was some
Temforcemenf, If used in conjunction with NR, this was instead ~ debate as to whether 'the sound of food landing in a bucket' constitutes a
;fo?d reward, ) classified as 'combined reinforcement.’ secondary reinforcer (e.g., [36], although a decision was ultimately made to
reinforcement, exclude this). Within these, the most commonly used was a 'clicker' (10/22),
‘reward followed by the use of the word 'good' (7/22), a buzzer sound (2/22), 'electric
learning,’ chime sound' (1/22), and one study simply referred to the use of a 'tone.'
'reinforcement None of the studies that focused on applying positive reinforcement involved
training’) training any behaviors associated with ridden work.

'Negatlve remforce_:ment‘ (NR) was defined A5 Al (100%) of studies referred to this approach as 'negative reinforcement.'
removal of aversive stimuli after a behavior . " .
. . o .. Inthree studies, assessors felt that another approach (e.g., positive punishment
is performed to increase the likelihood that it e inf 1d also h laved a role in shapine the h .
is repeated.’ or positive reinforcement) would also have played a role in shaping the horses
I .y . . response, although this was not mentioned by the study authors.
n all NR studies, pressure was applied until the Allb o . b ) . .
. ut one study (19/20, 95%) applied only 'contact’ negative reinforcement,
horse showed the desired response. It was also . - ) , . :
. . . while one used a combination of 'contact' and 'no-contact' pressure (see
Negative common for this pressure to first be used to obtain di . definiti "
Reinforcement 20 the behavior (for example, applying pressure to the iscussion for definitions of these).
horse's si . ’ 6/20 (30%) did not state whether any pressure applied was escalated or
orse's side until they take a step away) and later o . .
b maintained until the desired response was shown by the horse.
ecome the cue.
. . . . . . 13/20 (65%) stated that the pressure was escalated.
If used in conjunction with PR, this was classified . . . .
. . . . ) . Only one study clearly said that the pressure applied was kept consistent until
as 'combined reinforcement." If used with PP, this h . favi
was considered 'combined positive punishment the desired behavior was seen.
. X ) 5/20 (25%) studies involved training behaviors associated with ridden work.
and negative reinforcement.
'Positive punishment (PP)' was defined as the
. 'addmon of aversive stimuli 'afte'r 2 behavpr Only one study clearly described the use of positive punishment.
Positive is performed to reduce the likelihood that it . N A . X f
. 1 . ) The aversive applied in this study was the delivery of 'immediate and ventral
Punishment is repeated. ressure on halter lead.'
If used with NR, this was considered 'combined P '
positive punishment and negative reinforcement.'
In all studies, NR was to elicit the performance of a desired behavior at
which point any pressure applied is released (NR) and food reinforcement
delivered (PR).
2/3 (66.6%) studies called it 'combined reinforcement' while one never used
this term, but just referred to 'the addition of positive reinforcement to
Combined negative reinforcement.’
Reinforcement ' ) ' y Al.l studies applied 'contact' pressure for the NR element and food
(‘blended Combined reinforcement (CR)' involves the use of  reinforcement for the PR part of the protocol.
iti d 3 both negative and positive reinforcement together ~ One study used a secondary reinforcer (the word 'good’) to mark a correct
postitve an to reinforce the same behavior. response. No others reported the use of secondary reinforcers.
negative . Only one study involved training behaviors associated with ridden work
reinforcement’) (shaping a halt response on long lines). This was the only study within this
review that involved using PR for ridden behaviors. They used a 'telemetrically
operated reward device' to remotely deliver a reinforcer (molasses water)
directly to the horse's mouth through the bit. This may support the idea that
positive reinforcement is (or is perceived to be) difficult for the rider to deliver
in training [37,38].
Combined
Positive
Punishment Both of these studies referred to their approach as 'avoidance conditioning/
and Negative '‘Combined positive punishment and negative learning.'

. reinforcement' involved the combined use (applied  In both studies, trainers preceded the desired behavior with a noise cue, if no

Reinforcement 2 . o - ; . - :
"avoid sequentially) of positive punishment, followed by  response was given and an aversive was applied (PP) which only ceased when
(avo:I ance negative reinforcement. horses performed the desired behavior (NR).
learning, 'Electric shock' and 'puff of air' were the aversives used.
‘avoidance
conditioning')
It was difficult for assessors to separate out habituation as its own TA, as it
Habituation was defined as 'repeated exposure to  was frequently combined with techniques based around associative learning
Habituation 4 stimuli that do not result in any reinforcement or  and was considered to play a role in shaping equine behavior even when

punishment, resulting in a decreased response to
the stimulus.’

trainers were not consciously applying it. For this reason, it should be noted
that >4 studies would have involved the use of this approach, however, only 4
specifically outlined a protocol that highlighted habituation as a key feature.
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The training
approach Number
category of studies
identified within that
this review 1nvoly ¢ Key characteristics of the training approach Overview of studies and additional comments
(Alternative applying
terminology t.he'
used within tramning
the scientific approach
literature)
Emphasis is placed on horse-human interaction/
communication through the use of body language.
Attempts to replicate horse-horse communication
were a key theme throughout.
Conspecific It was common for the early stages of the training
Model process to involve teaching the horse to look at/
(‘round pen approach/spend time near the trainer. This was
technique,’ not mentioned in relation to any other TAs. This
Toin up, was most commonly achieved with the use of Learning theory principles mentioned by study authors did not fully align
; g NR, although some also describe using PP or PR with those identified by assessors in any of the studies (see Supplementary
Mont'y Ro’berts (never food, only tactile reinforcement). Materials).
technique, Much more reliance on the use of 'non-contact In 10/14 (71.4%) studies, the assessors felt it was not possible to reliably
‘natural pressure’ than any of the studies that were determine which learning principles were being applied within the
horsemanship,’ 14 classified as using purely NR (which all involved  study methodology.
‘natural making contact with the horse). Habituation, negative reinforcement, and positive punishment were most
training,’ 'Desensitization of the horse to touch and frequently identified by assessors.
‘Parelli Natural equipment' also appeared to be a common feature ~ 9/14 (64.3%) studies aimed to compare the outcomes associated with the
Horsemanship,’ of this TA. However, details of how this was 'conspecific model' to those of different training approaches. It was compared
‘round pen achleve'd were lgck'mg in many of the studies. against NR (n= 1?, P‘R (n=2), aljld. convent19nal tram}ng (n = 6).'
] , Some 'sensitization' to pressure cues was also  9/14 (64.3%) studies involved training behaviors associated with ridden work.
technique, alluded to.
sympathetic Elements of this method appeared to be unique to
training,’ the trainers themselves or reliant on trainer skill
'training’) (which may be why many of the studies failed to
outline a 'step-by-step' protocol, as it relies on the
trainer observing, interpreting, and responding
to each individual horse and adapting their
approach accordingly).
It was not possible to consistently identify key
features of this approach, as its meaning appears
to vary between studies, and in most instances was
Conventional not described.
Training The term was typically used to refer to methods In 7/9 (77.8%) studies, the assessors felt it was not possible to reliably
(traditional, considered to involve habituation, NR, and determine which learning principles were being applied within the study
. ? 9 some PP. It was less likely to involve adding methodology. This also meant that it would not be possible to accurately
European inf t (PR) or placi hasi licate these studi
. reinforcemen or placing emphasis on  replicate these studies.
training attempting to replicate equine communication. 6/9 (66.7%) studies involved training behaviors associated with ridden work.
method’) More focus was placed on detailing the tasks
horses were required to complete (e.g., lunging,
accepting a rider) rather than outlining the
methods used to achieve this.
Only one study that reported using this approach
was included in this review, which ultimately
means that it is not possible to identify common
features across multiple studies.
The only feature that differentiated this from other
TA categories was the addition of ‘bodywork
as part of the training session. Other than this,
T-touch Equine assessors considered the approach described to
Awareness 1 simply involve applying NR, and at times PR, to  n/a (only one study)
Method influence horse behavioral response to handler
cues when being asked to work over/around
obstacles. Interestingly, the study authors report
that this training approach ‘does not use force or
Pphysical pain to motivate the horse to comply’ and
described it as a ‘non-aversive’ technique, despite
the fact that NR features quite heavily as part of
this approach.
'Imprint training' involves exposing foals to a
range of different stimuli and handling techniques
shortly after they are born.
Imprinting The way in which this training is applied varied ~One study began 'imprint training' within 10 minutes of foals being born.
('Imprint 3 across studies but always included rubbing the Both other studies trialed applying imprint training at various time points
training') foal all over its body and exposing it to novel within 72 hours of a foal's life.

procedures (e.g., electric clipper, plastic bags, and
water spray) while restraining the foal so that it
could not evade the treatment applied.
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3.3. Inconsistent Terminology and Poorly Described

Methodologies

While only ten unique TA categories were identified within
this review, 29 different terms were used by study authors
to describe the training applied within their studies (Figure
3). Some of these terms represent well-defined, pre-existing
scientific terminology (e.g., relating to operant and classical
conditioning), while others were more reminiscent of
subjective descriptors (e.g., 'Sympathetic,' 'Natural') that seem
to reflect the intentions behind the way in which horses were
trained, but do not provide information about the strategies
applied to modify horse behavior. Additionally, several
terms used to describe the training (e.g., 'conventional or
‘traditional’) were specific to the countries/regions within
which the studies were conducted.

The use of these more subjective or location-specific terms
to describe the training applied would not have been
so problematic if these were accompanied by accurate
descriptions of what this training constitutes. However, in
many cases, this was lacking, with the apparent assumption
being made that these terms alone were sufficient to
communicate the way in which training was applied. This
renders the reader unable to understand how the training
was applied or reliably replicate the results. Instead of clear
protocol descriptions, broad statements such as "the horse was
taught to accept the saddle” and "getting the horse accustomed to
the whip's movements over its head” were commonplace in the
reviewed studies. Statements of this nature do not specify how
these steps were achieved, the extent to which stimuli were
applied, whether the horse was systematically desensitized,

A e
Avoidance-conditioning “Food reward’

‘Avoidance-learning’ ‘Habituation’ (4)
‘Blended positive and negative ‘Imprinting’ (3)
reinforcement’ ‘Join up’
‘Clicker training’ ‘Monty Roberts’

‘Combined reinforcement’
‘Conventional’ (3)
‘Differential-reinforcement-of-
other-behavior (DRO)’
‘European training method’
‘Food reinforcement’ (4)

‘Natural horsemanship’ (2)
‘Natural training’ (4)
‘Negative Reinforcement’ (20)
‘Negative reinforcement +
positive reinforcement’
‘no-reinforcement’

whether the horse was restrained, or if any punishment/
reinforcement was applied to facilitate this process.

Variation in the terms used to describe training was most
evident in TAs considered to fall within the 'conspecific model'
category, with nine different terms used when describing these
(Table 1). This raised the question of whether these should be
further categorized as different approaches. This was initially
attempted; however, it was not possible to identify distinctive
features that clearly differentiated between these approaches
based on the descriptions alone. A common feature
across these studies was the reported basis on how horses
communicate with other horses in a naturalistic setting, with
trainers applying a 'herd-leader’ premise to explain human-
to-horse attachment [39]. The term 'conspecific model' [40]
was used. Several terms used to describe training within this
category relate to the people (e.g., 'Monty Roberts," 'Parelli’)
who developed or popularized their own approach. Given
this, it was initially assumed that defining features of these
would have been clearly evident and render them sufficiently
different to classify as separate approaches. However, this
was not possible, and even though some training techniques
were trademarked (e.g., Join up®), other studies that reported
using a very similar 'round-pen technique' which (based on
the, often limited, description given) appeared to follow the
same process, but did not specifically attribute this to the
trademarked method.

Ultimately, the reliance on poorly defined and often subjective
terminology in many of the reviewed studies highlights
considerable concerns about the quality and value of the
research being produced. This not only limits opportunities for
study replication but also hinders accurate result interpretation
and reduces the real-world utility of the findings.

‘Parelli Natural Horsemanship’
‘Positive punishment’
‘Positive reinforcement’ (25)
‘Reinforcement’ (8)
‘Reward learning’
‘Round-pen-technique’ (3)
‘Sympathetic’ (5)
‘Tellington-Touch Equine
Awareness Method’
‘Traditional’ (4)

‘Training’ (2)

Figure 3: Phrases used to describe the training approaches applied within the studies (n = 75) reviewed. Those used in more
than one study are accompanied by a number to illustrate how many studies used this phrase.

3.4. Variation in Method Application

Even when the wording used to describe TAs was consistent
across studies, this did not necessarily mean that the way in
which the methods were applied was comparable. In several
instances, differences in TA application were identified even
within studies that reportedly used the same approach.
Differences in application will again limit the potential
for inter-study comparison and could alter how horses
respond to training, thus reducing the ability to generalize
study outcomes to one specific approach. For example,
the application of 'megative reinforcement’ (NR) involves
removing something aversive (e.g., pressure) to reinforce
behavior and is the most commonly used method in horse

training [14,41]. However, there are a variety of ways in
which NR can be used in practice. This review highlighted
that the type of aversive stimuli applied during NR protocols
fell into two distinct categories; one involving the trainer or
training equipment making physical contact with the horses'
body (e.g., pressure is applied through a lead rope or reins),
the other involving no physical contact, with the trainer
instead using their body position, posture, or equipment to
direct the horse's movements within an enclosed space (e.g.,
stable, round pen). Further consideration needs to be given to
whether or not NR involves making physical contact with the
horse, and work conducted to compare the effects of each on
equine learning and welfare. If substantial differences are seen,
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it may be beneficial to consider these as two separate methods
in future work - for example, referring to them as 'contact'
or 'no-contact' negative reinforcement, rather than using one
term to refer more generally to both. This further distinction
between the approaches may also be relevant when the welfare
implications of NR are discussed, as it will likely influence the
way in which the approach is perceived. Anecdotally, training
approaches that involve no-contact' NR are often viewed or
marketed as being 'force-free, thereby implying that it is more
‘ethical’ or has less potential to compromise welfare, which
could result in psychological distress being overlooked.

Another observation made when reviewing studies that
involve applying NR was that several did not clearly report
whether the trainer waited for the full desired behavioral
response to be performed before releasing the aversive
applied, or whether they reinforced progressive steps towards
the desired behavior ('shaping'). Not only is this problematic
in the sense that it would not facilitate study replication,
but both [42] and [43] suggest this difference in application
may have implications for horse learning success, and thus
has the potential to alter study findings. In addition, many
studies failed to report whether the pressure exerted was
escalated or simply maintained following its application. It
is logical to assume that this difference may influence the
outcome of studies that use 'completion time' or latency to
perform desired behavior' as a measure of TA success and
may ultimately influence how horses perceive and respond to
the training.

The application of positive reinforcement (PR) was similarly
subject to variation in application across studies. While the
majority used food-based reinforcers (Table 1), the type of
food given differed between studies, from perceived 'low-
value reinforcers' such as 'handfuls of the horses” usual hay,’
to those that are unlikely to be given in large quantities
within the horses' normal diet, such as the pieces of carrots,
apples, vanilla wafers, sugar cubes, crackers, bread, and sweets’
used in another. While the impact of reinforcers' perceived
'value' on horse training performance has not been explicitly
studied, reward preference and volume (which was also
not standardized across equine studies) have been shown
to predict performance outcomes in dog training [44,45].
It is therefore possible that these differences in reinforcer
value could influence equine performance-related outcomes
and subsequently prevent reliable cross-study comparison.
Furthermore, some studies reported that horses were food
deprived (for as much as 8 hours in one instance), or that their
diet was altered prior to training in an attempt to increase
food motivation. This, in itself, may be considered ethically
questionable and highlights a need to acknowledge the wider
welfare implications associated with different TAs [46,47]
that may exist outside of formal training sessions. The way
in which food restrictions were reported was inconsistent
between studies, or not mentioned at all, meaning that it
was not always possible to reliably determine whether or not
horses' diet had been altered prior to training.

3.5. Lack of Information about Study Methodologies
Provided

Within the scientific community, it is widely accepted that
the 'method' section of a research study should be written
in sufficient detail to enable replication [48,49]. However,

this was not always seen within the horse training studies
reviewed. Authors frequently failed to provide the level of
detail needed to fully understand or replicate the methods
used. An example of this seen across many of the studies was
the fact that information about the individuals applying the
training was limited or not provided. In some studies, specialist
trainers were recruited to apply the training approaches,
while in others, it appears to be the researchers carrying out
this part of the methodology themselves. However, this was
not always made clear as the amount of information given
about the trainers was highly variable, with many studies
failing to provide sufficient (or at times any) information
about the trainers, their ability, or experience (Table 1). Very
few stated which, if any, qualifications trainers possessed
or applied any objective means to assess their ability, with
many providing only vague and subjective statements, such
as 'trainers were highly qualified.” This is concerning given
the fact that trainer experience has been shown to influence
equine stress response during training [50,51], and correct
timing when applying techniques that involve reinforcement
or punishment is considered to be vital [14]. There is also
some evidence to suggest that handler sex, which is another
factor that was not widely reported within the studies, may
influence equine behavioral response [52]. One study within
this review mentioned that they specifically chose to use
two 'inexperienced trainers,' another split the sample horses
between one experienced and one inexperienced trainer, and
one study involved the horses' owners applying the training.
While potentially more representative of industry practice,
the use of inexperienced trainers calls into question the
reliability of the findings, as any reported effects may have
been due to the way in which these individuals applied the
technique, rather than a consequence associated with the
TA itself. Furthermore, it has been shown that horses can
differentiate between humans and, while they do not seem
to show a preference for a familiar individual [53], there is
evidence to support the idea that they associate handlers
and trainers with the valence of past experiences [54-56].
Thus, any previously learned association with the trainer also
has the potential to influence the horses' response to a TA.
Furthermore, studies rarely stated whether trainers were naive
to the research hypothesis. Horses have been shown to use
human pointing and body position cues during object-choice
tasks [57,58] and respond to attentional cues that include the
human gaze [59]. Knowledge of the research question or study
variables being measured could, therefore, have led to trainers
inadvertently (or deliberately, given that in several instances
trainers were professionals whose livelihood was reliant on the
popularity of their training approach) altering the outcome.
It is possible that many of the trainers within these studies
were, in fact, blinded to the research question, and this was
just not acknowledged in the final published report. This is
disappointing given that this would be a relatively simple way
of increasing experimental rigor, a feature of equine research
that is often criticized [20].

3.6. No Reported Use of Negative Punishment

A key finding that warrants further discussion is the fact
that none of the research articles reviewed reported using
'negative punishment' to modify horse behavior, despite the
fact that both of the assessors in our study agreed that this
approach was utilized by some. Negative punishment (NP) is
one of the four operant conditioning quadrants and involves
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the removal of something appetitive to reduce the occurrence
of a behavior. Speculations can be made as to why the authors
did not mention NP. It's possible that it is simply an error on
the authors' part, and they may genuinely be underestimating
or failing to understand the role that this quadrant plays in
training. If this is the case, it may be wise for the scientific
community to place as much emphasis on ensuring their
own members have a clear understanding of learning theory
as they do on investigating lay horse owners and trainers.
Alternatively, authors may intentionally be underemphasizing
the role of NP in their study as ethical approval for research
that does not claim to involve using any punishment may be
more likely to be granted.

Discussion surrounding NP, its role in horse training, and
whether PR can even be used without it coming into play,
continue to be had amongst equitation science researchers,
so the fact that its use appears to be under-reported by
academics themselves adds a new dimension to this area
of discussion. Further work is ultimately required to better
understand perceptions and knowledge of NP within the
equestrian sector, as failing to acknowledge its role in training
may further contribute to the use of punishment in horse
training, or the use of NP mislabelled as PR.

3.7. A Note about Combined PP and NR

Unlike ‘combined reinforcement’ which is a term that has
become relatively commonplace in relation to horse training
[14], the use of combined PP and NR appears to have received
less attention. These two operant condition quadrants are often
considered to be linked in the sense that poorly timed NR can
easily become PP (similarly, PR and NP are also considered
to be linked in this way) [14,41], yet their combined use is
not widely discussed. The apparent lack of regard for this is
problematic as we posit it is likely reflective of regular training
practice within the industry. For example, if a rider cues
their horse to walk on and the horse does not respond in the
desired way, the rider may 'give the horse a kick' or 'tap with
the whip' (PP - as this occurs after the undesirable behavior
occurs) and then continue to apply strong leg pressure which
only ceases when the horse walks on (NR). It is vital that
the application of multiple and prolonged (and potentially
escalating) aversives in these instances is not overlooked or
mislabelled as solely involving NR. Doing so may increase
the likelihood that equine welfare is compromised, through
increased use of aversives and reduced trainer awareness of
their own actions. This subject was also raised by Henshall
[60], who suggests reconceptualizing 'positive punishment'
and 'negative reinforcement' in horse training as a single
continuum, rather than considering these separate training
modalities, to better reflect how horses experience their
application. Ultimately, greater consideration regarding the
way in which ‘combined PP and NR' is defined and discussed
within the equestrian sector is warranted to encourage more
effective and ethical training.

3.8. Limitations

It is likely that the search terms and study retrieval process
used will not have captured every paper that involves horse
training, and instead should be considered to provide an
overview of existing horse training research published in

English, rather than an attempt to document all work in this
field. Furthermore, the ratio of TAs implemented within
this research does not appear to be representative of real-
world practice, as PR-based methods were most commonly
applied, despite NR being recognized as the predominant
method for training horses [41,61]. This is likely due to the
inclusion of equine learning studies, where PR is commonly
used [62,63], and may also be partly attributed to the fact
that research studies are likely to trial more novel methods
to assess their potential for real-world use, rather than well-
established practices. Additionally, methods using high levels
of punishment may be less likely to be granted ethical approval
or accepted for publication. It was also found to be common
for individual researchers to publish multiple papers, which is
likely to have a biased representation of how the different TAs
are described. For example, while five studies referred to the
training they applied as 'sympathetic,’ the same author was
involved with three of these.

3.9. Recommendations for Future Researchers

As researchers continue to investigate the impact of different
TAs on training efficacy and equine welfare, it is vital that
greater consideration is given to the way in which these studies
are reported. Accurate and detailed reporting of a study's
methodology is essential to provide background context, aid
result interpretation, and facilitate accurate replication in the
future if deemed necessary. Robust method reporting also
increases the perceived scientific and societal 'value' of a study,
further justifying the inclusion of animals and increasing the
extent to which the research can be considered ethical [49].
To facilitate improved study reporting in the biomedical
research field, regular reviews of existing research are carried
out [48,64,65]. When inconsistencies or problems within this
are identified, efforts can be made to mitigate future issues, for
example through the development of guidelines like 'Animal
Research: Reporting of In Vivo Experiments' (ARRIVE) [66-
68]. There is a distinct lack of similar reporting guidelines for
animal research that sits outside of the biomedical field. Given
the vast number of horse training studies emerging, it is vital
that greater attention is paid to the way in which equitation
science research is conducted and reported to ensure the
scientific integrity of research in this area is not compromised.

Some initial points for future researchers to consider prior to
submitting research are provided in the form of a checklist
(Table 2). However, a more formal approach to standardize
equine training research reporting across the industry
is warranted. The development of more comprehensive
guidelines (similar to those used in other industries e.g.,
ARRIVE guidelines developed for the biomedical field) by
a group of industry professionals would likely be beneficial.
Similarly, the publication of work that aims to standardize
terminology within this specific field, similar to [69], should
be encouraged. The promotion of a collaborative approach
towards equine training research, for example through the
development of a research consortium similar to that of
‘ManyDogs' (https://manydogsproject.github.io/) [70] aims
to conduct reproducible cognition research relating to their
target species, would also aid in establishing more consistent
and robust equine research practices.
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Table 2: Checklist for future research reporting.

Points to consider when reporting horse training-related research

1. Has a full description of the training protocol that is sufficiently
detailed to enable study replication been provided?

2.Has information about the individual/s carrying out the training,
including their skills level/experience, and their relationship to
the horses used in the study, been provided?

3. Has detailed information about the study sample - including
horse age, breed, sex, status ('in foal," etc.), how they are usually
managed, and the horses' training history (e.g., have they been
exposed to a specific training approach before?) - been provided?
4. Have any changes to horses' usual management for the purpose
of this study (e.g., whether horses were food deprived or their diet
changed prior to training) been clearly stated and explained?

5. Have you outlined how any aversive stimuli have been applied?
This includes detailing at what point they are applied, and
explaining whether the intensity of the aversive is escalated or
maintained throughout its application. Were there any attempts to
standardize the way in which aversive stimuli were applied (e.g.,
use of a pressure gauge)?

6. Where reinforcement techniques were applied, is it clear
whether attempts to perform the desired behavior made by the
horse were reinforced ('shaping'), or is only the full performance
of a desired behavior reinforced?

7. Have you considered whether any other learning principles (e.g.,
positive punishment, negative punishment) are playing a role in
altering the horses' behavior - if so, ensure this is acknowledged
within your protocol.

8. If positive reinforcement is being used, has the type and amount
(if applicable) of reinforcer been clearly reported?

9. Was the reinforcer assessed to ensure its efficacy in reinforcing
behavior (preference/feeding motivation test)?

10. Was a secondary reinforcer used? Was the secondary reinforcer
'pre-conditioned?'

11. Where multiple or 'combined' training approaches are used
- has the timing of each approach's application (particularly in
relation to the other approaches used) been clearly explained?

4. Conclusion

Ultimately, it is extremely concerning that inconsistencies,
and at times potential inaccuracies, were identified within the
scientific horse training literature. Not only does this reduce
the credibility of the findings which could potentially hinder
their translation from research into practice and perpetuate
the use of ineffective or unethical horse training approaches,
but it may be considered to reduce the overall scientific
value of the research conducted. This is a topic that has been
extensively discussed, and subsequently regulated, in the
animal biomedical research field, but appears to be somewhat
overlooked in companion animal behavior and training
research despite there being little reasoning to justify why
this same level of scrutiny should not be applied to all animal
research. Academics in this area frequently highlight poor
understanding of learning theory terminology' or 'incorrect
TA application' as an area of concern within the lay horse-
owning community. Yet this review highlights that it would
be beneficial for work produced by the scientific community
to be viewed with an equally critical eye. Despite the findings
of this study, the vast amount of research being conducted
in this area is undoubtedly a positive step towards the aim of
promoting more ethical equitation and retaining the equestrian
industry's credibility and social license to operate. Doing so
is essential not only to promote improved human and horse
safety during training but also to enable the equestrian industry
to demonstrate its commitment to improving equine welfare.
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The supplementary materials include the categorization of
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