Human Animal Interaction Bulletin
Volume 8, No. 2: Pages 1-35

Theoretical Development of Equine-assisted Activities
and Therapies for Children with Autism: A Systematic
Mapping Review
B. Caitlin Peters, Wendy Wood, & Susan Hepburn
Colorado State University
In this systematic mapping review, we mapped the state of theoretical development
of equine-assisted activities and therapies for children with autism to help
illuminate promising theoretical frameworks. Across 42 studies and 22 nonresearch reports, we identified 10 explanatory formal theories related to equineassisted activities and therapies, and several informally hypothesized change
mechanisms. Guided by findings, we propose that (1) equine movement,
intentionally used by a therapist, challenges and improves postural control and
motor skills, and that an equine-assisted activity or therapy can (2) promote
engagement, a platform for social development, and (3) provide structured support
for social interaction and positively reinforce communication. While promising,
these three nascent theoretical frameworks merit further critique, testing, and
refinement.
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THEORETICAL DEVELOPMENT OF EAATS FOR CHILDREN WITH ASD

This paper reports on a systematic
mapping review that details the current state
of theoretical development of equine-assisted
activities and therapies (EAATs) for children
with autism spectrum disorders (ASD). ASD
is characterized by restricted and repetitive
behaviors, and impairments in social
communication
(American
Psychiatric
Association, 2013). While a myriad of
treatment options is available, children with
ASD often participate in EAATs as
complementary
treatments
(Lindly,
Thorburn, Heisler, Reyes, & Zuckerman,
2017). EAATs incorporate horses and the
equine environment into interventions aimed
at promoting the health and well-being of
individuals with a variety of health
conditions. For the past decade, centers
accredited by the Professional Association of
Therapeutic Horsemanship, International
(PATH, Intl) have served individuals with
ASD more than any other group (PATH, Intl,
2017). There are several different types of
EAATs, and historically the terminology to
describe them has not been used consistently
across peer-reviewed research or in practice.
According to PATH, Intl, therapeutic riding
(TR) is an equine-assisted activity provided
by a riding instructor that consists of teaching
participants with various disabilities riding
and horsemanship skills, contributing to their
well-being (PATH, Intl, 2019). According to
the American Hippotherapy Association
([AHA]; AHA, 2019), hippotherapy (HPOT)
involves the use of equine movement as a
treatment tool by occupational therapists,
physical therapists, and speech-language
pathologists who aim to achieve functional
goals specific to the health professional’s
area of practice.
In a previous paper reporting a subset
of findings from this systematic mapping
review, our team found proof of concept for
EAATs for children with ASD (McDanielPeters & Wood, 2017). TR was the most
frequently studied equine-assisted activity for

children with ASD; TR studies often found
improvements in behavior, social interaction,
and communication. HPOT was the most
frequently studied equine-assisted therapy;
HPOT studies often found improvements in
motor control and related functional
activities. Across different types of EAATs
for different populations, there are several
theoretical speculations concerning elements
of interventions that promote positive
outcomes, including what horses contribute
(Hallberg, 2008). Considering the diverse
nature of EAATs for children with ASD, the
theoretical frameworks that guide different
types of EAATs may also be quite diverse.
A
well-developed
theoretical
framework explains why and how the
intervention occurs as it does and identifies
these elements: 1) the problem being
addressed, 2) mediating processes, 3) an
intervention that addresses the problem, and
4) outcomes produced by the intervention
(Fleury & Sidani, 2012). For the purpose of
this paper, we will refer to “problems”
targeted by the intervention as challenges
experienced by the participant. Children with
ASD may experience challenges in many
aspects of their development, including
motor, social, sensory, behavioral, and
occupational performance; hence, theoretical
frameworks guiding EAATs for children
with ASD need to delineate the nature of the
challenge(s) targeted by the intervention. A
theoretical framework then directly links the
identified
challenge(s)
to
mediating
processes, or mechanisms¸ defined by Kazdin
(2007) as “the basis for the effect, i.e., the
processes or events that are responsible for
the change; the reasons why change occurred
or how the change came about” (p. 3).
Mechanisms of change are perhaps the most
elusive elements of a theoretical framework;
yet clear understandings of such mechanisms
allow for optimization of the process of
change, likely leading to more effective
interventions. Clear causal links among all
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elements of a theoretical framework are
essential and allow the intervention to be
tailored to individuals’ unique needs.
The development of a theoretical
framework guiding an intervention is no
simple task. Theories in applied fields often
originate in “personal theories-in-practice”
(Lynham, 2002, p. 223); or, as applied here,
in how people who have been immersed in
EAATs for ASD understand and explain their
experiences. To develop into credible and
trustworthy theories, the premises of personal
theories must be clearly conceptualized,
operationalized, applied, and confirmed, and
continuously refined in practice and through
research (Lynham, 2002). Such systematic
development of theoretical frameworks
allows investigators “to move beyond a
simplistic, outcomes-focused approach to
examining the central processes underlying
program effects” (Fleury & Sidani, 2012, p.
12). To advance the science of EAATs for
children with ASD, identification and
development of theoretical frameworks that
may drive various interventions is thus
imperative. To our knowledge, however, no
review of the literature has synthesized the
state of theoretical development of diverse
approaches to EAATs for children with ASD.
We derived findings reported herein
from a systematic mapping review of peerreviewed papers published from 1980
through 2017 concerning EAATs for children
with ASD. In a previous paper derived from
this review, we described participants,
interventions, and outcomes evident in
research on EAATs for children with ASD
(McDaniel-Peters & Wood, 2017). This
previous paper also established that TR and
HPOT have been the two most studied
EAATs for individuals with ASD. In the
current paper, we describe the state of
theoretical development of EAATs for
children with ASD as a basis for illuminating
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promising theoretical frameworks that may
help guide future practice and research. Two
specific aims are to:
1. Describe a) informally theorized
mechanisms of change, and b)
formally developed theories evident
across peer-reviewed literature on
EAATs for children with ASD; and
2. Describe mechanisms of change in
research studies on TR and HPOT,
the two most prevalent types of
EAATs for children with ASD in
peer-reviewed literature.
Methods
Systematic mapping reviews are a
method of choice when researchers want to
create a ‘map’ or topography of current
knowledge related to a focused area of
inquiry. This type of review allows for
inclusion of descriptive and conceptual
papers along with research reports at varying
levels of rigor (Hammick, 2005), making it
the review of choice for bodies of literature
in early stages of scientific development
(Grant & Booth, 2009). The comprehensive
nature of systematic mapping reviews allows
for broad inclusion of diverse perspectives,
thus creating fertile ground for hypothesis
generation and theoretical development.
Because systematic mapping reviews do not
assess the quality of papers included in the
review, assessments of strength or rigor of
the research are outside the scope of this
paper. Systematic mapping reviews are
conducted in a three-step process: (a)
gathering relevant literature through
comprehensive searching, (b) selecting
papers through inclusion and exclusion
coding, and (c) extracting important
information from each included paper.
McDaniel-Peters & Wood (2017) detailed
each of these steps that were conducted for
the larger systematic mapping review, which
we summarize next.

Included

Eligibility

Screening

Identification
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Records Identified Through
Database Searching
(n = 3,288)

Additional Records Identified
Through Manual Searching
(n = 180)

Records Screened
(n = 3,468)

Records Excluded by Title
and Abstract
(n = 2,325)

Full-text Papers Assessed
for Eligibility
(n = 1,143)

Full-text Papers Excluded
(n = 644)

Papers Included in
Systematic Mapping
Review
(n = 499)

Autism Papers
(n = 64)

Figure 1. Paper identification, screening, eligibility, and inclusion.
Figure 1 provides an overview of
the search and inclusion process for this
review. A library scientist executed
comprehensive searches in nine databases
to serve a larger systematic mapping
review of EAATs for all populations, a
large study that this review is nested
within. The search strategy was adapted
for each database, and included over 45
search criteria, which resulted in 3,288
unique papers published 1980 - 2017.

Manual searches of reference lists
identified an additional 180 papers. A
process of inclusion and exclusion
narrowed the database to 499 papers
pertinent to EAATs for all populations,
of which 64 papers were relevant to ASD.
Table 1 presents inclusion and exclusion
criteria; we determined that papers were
relevant to ASD if 1) authors of research
papers described at least 20% of
participants as having ASD, Asperger’s
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syndrome
(AS),
or
pervasive
developmental disorder (PDD), or 2)
authors of non-research papers mentioned
ASD, AS, or PDD as diagnoses of
participants served by EAATs. Therefore,
some papers included in this review

discussed interventions and theoretical
frameworks that were intended for a
broader population than ASD alone (i.e.
children with balance impairments,
[Silkwood-Sherer, Killian, Long &
Martin, 2012]).

Table 1
Inclusion and Exclusion Criteria
Inclusion
Peer-reviewed
Primary source
Written in English
Published between 1980 – 2017
Primarily focused on:
• One or more kinds of EAAT;
OR
• Simulated horse of relevance to
EAATs

Exclusion
EAATs are only a minor focus
Provides a synopsis of a paper published
elsewhere
Not relevant to autism as determined by:
• < 20% of participants characterized as
having ASD, AS, or PDD in research
studies
• Does not mention ASD, AS, or PDD as a
population served by EAATs in nonresearch papers
Note. EAATs = equine-assisted activities and therapies; ASD = autism spectrum disorder; AS =
Asperger syndrome; PDD = pervasive developmental disorder

To achieve the aims of the overall
systematic mapping review, the research
team developed a data extraction tool (DET).
A consultant uploaded the DET into a
Microsoft Access database so that trained
reviewers could electronically extract
information from each included paper.
During the data extraction process, reviewers
remained as close to the authors’ language
and use of theory as possible. Therefore,
reviewers categorized the type of EAAT
based on terminology used by the authors,
even if this terminology was inconsistent
with the definitions provided by PATH, Intl
or AHA. The DET guided extraction of
references to formal theories in the social
sciences or health professions that were
posed as helping to explain the mechanisms
or benefits of EAATs. We considered formal
theories to be those that authors explicitly
named or cited (e.g., Dynamic Systems
Theory [Lewis, 2000]). Furthermore, the
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DET guided extraction of informally
theorized mechanisms that authors proposed
concerning how and why EAATs lead to
benefits. Papers were categorized as
“research” if they included methods and
results sections. Six members of the research
team attained 90% agreement on use of the
DET; kappa coefficients ranged from .65 .71 indicating substantial agreement (Viera &
Garrett, 2005). The first author coded all 64
papers included in this review, and created
Microsoft Access queries and Microsoft
Excel pivot tables to produce frequency
counts of each formal theory or informal
mechanism of change.
Quantitative analyses of extracted
data produced ranked frequencies of the
most-oft-cited formal theories and informal
mechanisms of various types of EAATs. We
also qualitatively analyzed included papers to
generate rich and contextualized basic
qualitative descriptions of all theoretical
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content. Basic qualitative descriptions are
“straight” descriptions of phenomenon not
overlaid by layers of interpretation
(Sandelowski, 2000). To generate such basic
descriptions, we uploaded all included papers

Quantitative Data Extraction
• Aim 1: Data extraction tool identified
formal theories and informal
mechanisms presented in each paper
• Aim 2: Data extraction tool classified
the primary type of EAAT addressed
in each paper
• Micosroft Access queries and
Mircosoft Excel pivot tables produced
frequency counts

into the software program, NVivo (Edhlund,
2012) for qualitative analysis; Figure 2
describes the methods guiding quantitative
and qualitative analyses specific to each aim.

Qualitative Data Extraction
• Aim 1: Basic qualitative description
of formal theories and top ten
informal mechanisms identified by
the quantitative strand
• Aim 2: Basic qualitative description
of most frequent informal
mechanisms of change in studies
examining therapeutic riding and
hippotherapy

Figure 2. Summary of database searches, inclusion and exclusion coding, and quantitative and
qualitative data extraction for each study aim.

For Aim 1a (informal theories), we
used the ten informal mechanisms that had
been most often cited in research studies,
identified through the quantitative analyses
of ranked frequencies, as start codes for our
qualitative analysis. We then qualitatively
coded all included papers to provide rich
descriptions of these ten informal
mechanisms. For Aim 1b (formal theories),

we coded all included papers for information
about formal theories.
We answered Aim 2 (mechanisms of
change in TR and HPOT) using both
quantitative and qualitative data. First, we
identified which mechanisms were most
often cited in TR and HPOT research studies,
and then we provided qualitative description
of these mechanisms.
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Table 2
Mechanisms of Change Identified in Research Pertaining to EAATs for Children with ASD

Horse- Human Interaction (25)

Equine Movement (20)

Social Interactions (18)

Sensory Experience of Riding (17)

Motivation (15)

Communication (13)

Equine Qualities (12)

Recreational Benefits (7)

Mastery (6)

Cerebellar Stimulation (5)

Aim 1a: Informal Mechanisms of Change

1st Author (year)

Country

EAA

EAT

Diagnoses

Candler (2003)

US

TR

-

50% ASD/AS

-

-

-

-

-

-

-

-

-

-

Leitão (2003)

Portugal

PER

-

All ASD











-

-

-

-

-

Zabriskie (2005)

US

CTR

-

22% ASD

-

-



-

-

-

-





-

Evans (2007)

New Zealand

RDA

-

38% ASD

-

-

-

-

-

-

-





-

Bass (2009)

US

TR

-

All ASD/AS



-

-





-

-

-

-



Keino (2009)

Japan

PER

-

All PDD



-

-

-

-

-

-

-

-

-

Keino (2009)

Japan

PER

-

All PDD/ASD







-

-





-

-

-

Type of EAAT
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Liddiard (2009)

Australia

-

HPOT

29% ASD

-



-





-

-



-

-

Taylor (2009)

US

-

HPOT

All ASD

-

-

-

-

-

-

-

-

-

-

Keino (2010)

Japan

PER

-

All PDD

-

-

-

-

-

-

-

-

-

-

Memishevikj
(2010)

Bosnia and
Herzegovina

-

ST-EAT

All ASD



-

-

-

-

-

-

-

-

-

Wuang (2010)

Taiwan

-

SDHR

All ASD

-



-





-

-

-

-

-

Kern (2011)

US

TR

-

All ASD



-

-

-

-

-

-

-

-

-

Nelson (2011)

US

TR

-

All ASD

-

-

-

-

-



-

-

-

-

Gabriels (2012)

US

TR

-

All ASD/AS













-

-

-

-

Silkwood-Sherer
(2012)

US

-

HPOT

25% PDD
/ASD/AS

-



-





-

-

-

-

-

Tabares (2012)

Spain

-

HPOT

All ASD



-

-

-



-

-

-

-

-

Ajzenman (2013)

US

-

HPOT

All ASD

-





-



-

-

-

-

-

Ghorban (2013)

Iran

TR

All ASD



-











-





Jenkins (2013)

US

TR

All ASD

-

-

-

-

-

-

-

-

-

-

-
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Kang (2013)

South Korea

TR

-

23% ASD

-



-



-

-

-

-

-



Ward (2013)

US

TR

-

All ASD













-

-

-



Chen
(2014)

US

GRM

-

50% ASD
50% TD



-

-

-

-

-



-

-

-

Garcia-Gomez
(2014)

Spain

TR

-

All ASD

-

-



-







-

-

Hawkins et al.
(2014)

US

-

EAT-U

All ASD/ PDD







-

-

-

-



-

-

Holm (2013)

US

TR

-

All ASD

-

-

-

-

-



-

-

-

-

Lanning (2014)

US

TR

-

All ASD









-

-

-

-

-

-

Naidoo (2014)

South Africa

TR

-

All ASD









-

-

-

-

-

-

Page (2014)

US

TR

-

All ASD/AS

-

-





-

-

-

-

-



Erdman (2015)

US



-



-

-





-

-

-

Gabriels (2015)

50% ASD
EFL

-

US

TR

-

All ASD





-



-

-



-

-

-

Minoei (2015)

Iran

TR

-

All ASD



-

-

-

-

-



-

-

-

Steiner (2015)

Hungary

TR

-

All ASD







-



-

-



-

-
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Anderson (2016)

England

TR

-

All ASD



-

-









-

-

-

Borgi (2016)

Italy

-

EAT

All ASD







-

-





-

-

-

Goodwin (2016)

US

TR

-

All ASDa

-

-



-

-

-

-

-



-

Llambias (2016)

Canada

-

EAOT

All ASD





-





-

-



-

-

Mapesb (2016)

US

TR

HPOT, EAT

All ASD















-

-

-

Nqwena (2016)

South Africa

TR

-

41% ASD

-



-

-

-

-

-

-



-

Harris (2017)

Scotland

“horse riding”

-

All ASD







-

-





-

-

-

Malcolm (2017)

Scotland

-

“equine therapy”

All ASDa





-



-





-



-

Petty (2017)

US

TR

-

All ASD



-

-

-

-

-

-

-

-

-

Note. US = United States; EAAT = equine-assisted activity or therapy; EAA = equine-assisted activity; EAT = equine-assisted
therapy; TR = therapeutic riding; PER = psychoeducational horseback riding; CTR = community-based therapeutic recreation; RDA =
riding for the disabled; GRM = grooming activity; EFL = equine-facilitated learning; HPOT = hippotherapy; ST-EAT = short-term
equine-assisted therapy; SDHR = simulated developmental horseback riding; EAT-U = equine-assisted therapy unspecified; EAOT =
equine-assisted occupational therapy ASD = autism spectrum disorder; AS = Asperger’s Syndrome; PDD = pervasive developmental
disorder; TD = typically developing.
a

These papers interviewed parents or other key stakeholders of EAATs for children with ASD—the children with ASD were not the
primary research participants.

b

This paper reviewed research on EAAT for children with ASD
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Table 3
Non-research Papers that Mention ASD as a Population Served by EAATs
1st Author (Year)

Country

Primary Type of EAAT

Biery (1985)

US

Multiple EAATs

DePauw (1986)

US

Multiple EAATs

Decker (1988)

New Zealand

EAA: Riding for the Disabled

US

EAT: Equine Psychotherapy

Tyler (1994)
Parsons (1996)

Canada

EAA: Therapeutic Riding

Bracher (2000)

England

EAT: Therapeutic Horse Riding and
Occupational Therapy

Lessick (2004)

US

Hornacek (2005)
MacKinnon (2005)

EAA: Therapeutic Riding

Slovak Republic

EAT: Hippotherapy

Canada

EAT: Hippotherapy

Rothe (2005)

Spain

Young (2005)

England

EAT: Horsemastership and
Occupational Therapy

Westerman (2008)

US

EAA: Therapeutic Riding

Luna (2009)

US

EAA: Therapeutic Riding

Ratliffe (2009)

US

EAT

Masini (2010)

US

EAT: Equine-assisted Psychotherapy

Granados (2011)

Spain

EAT: Equine-facilitated Psychotherapy

EAT: Hippotherapy

Thomas (2011)

US

EAT: Equine-assisted Psychotherapy

Siporin (2012)

US

EAT: Equine Psychotherapy

Westerman (2012)

US

EAA: Therapeutic Riding

Brandt (2013)

US

EAT: Equine-facilitated Psychotherapy

Berg (2014)

US

Multiple EAATs

Koca (2016)
Turkey
EAT: Hippotherapy
Note. EAAT = equine-assisted activity and therapy; US = United States; EAA =
equine-assisted activity; EAT = equine-assisted therapy.
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Results
In this systematic mapping review,
we identified 42 research studies (Table 2)
and 22 non-research papers (Table 3)
pertinent to EAATs for children with ASD.
The earliest non-research paper was
published in 1985, while the earliest research
study was published in 2003. All nonresearch papers addressed EAATs for people
with various diagnoses; hence none was
exclusively about EAATs for children with
ASD. As authors mentioned ASD only
briefly in some non-research papers, we only
coded theoretical content pertinent to
children with ASD in non-research papers.
Thirty-three of the 42 studies (79%)
exclusively included children with ASD,
while the other studies included participants
with a variety of diagnoses, including ASD.
Research participants with ASD ranged in
age from 2 to 16 years old.
Aim 1a: Rich Descriptions of the Most
Prevalent Mechanisms of Change
Table 2 lists the ten most prevalent
informal mechanisms found in the research
studies, ordered by frequency from left to
right, and illustrates which studies identified
each mechanism. The following sections
provide rich descriptions, generated from
both research and non-research papers, of
each of the most prevalent mechanisms.
These mechanisms were not always found to
be completely distinct from one another, but
rather, to be occasionally co-defining or
mutually influential. Therefore, we next
present the mechanisms of change in an order
relevant to how they relate to one another to
help illuminate logical linkages among them.
Horse-human interaction. Twentyfive of the 42 studies (60%) proposed that
there was therapeutic value in the horsehuman relationship. For instance, some
authors suggested that if a child is bonded to
the horse, then the child may exhibit fewer
problem behaviors throughout the therapy
session (Hawkins, Ryan, Cory, & Donaldson,
12 | H A I B

2014). Other authors suggested that children
may be able to first form a social connection
with the horse, which would then allow them
to form a social attachment to people
(Erdman, Miller, & Jacobson, 2015; Keino et
al., 2009; Kern et al., 2011). For example,
Erdman et al. (2015) wrote, “horses can serve
as ‘transactional objects’ allowing a child to
bond first to the animal and then to other
people” (p. 21). Similarly, Siporin (2012)
referenced attachment theory and claimed
that “a friendly therapy horse can serve as a
supplemental attachment ﬁgure” (p. 460).
Some authors posited that the presence of
horses was beneficial because horses
promote social interaction (Chen, Crews,
Mundt, & Ringenbach, 2015; Erdman et al.,
2015; Rothe, Vega, Torres, Soler, & Pazos,
2005). For example, Rothe et al. (2005)
wrote, “conversation and socialization are
stimulated through interaction with the
animal” (p. 380). Furthermore, some authors
suggested that interaction with horses can
teach children with ASD improved selfcontrol because aggressive behaviors are not
tolerated around the horses. For example,
Biery (1985) wrote that a boy “now modifies
his behavior while mounted, knowing that
lack of self-control will lose him the one
experience that he craves—contact with the
pony” (p. 350). Other authors proposed that
interacting with animals may foster the
development of empathy; for example, it was
posed that interacting with animals fosters
empathy because “animals’ signaling of
emotion may be more behaviourally salient
than humans’. This may make interactions
with animals less socially complex and
cognitively demanding” (Harris & Williams,
2017, p. 2). As next described, several
authors
proposed
that
horse-human
interaction was particularly beneficial due to
the unique nature of horses.
Equine qualities. Twelve of 42
studies (29%) described how unique equine
qualities contributed to the value of EAATs.
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Several authors described how the horse’s
sensitivity and reactions to human behaviors
can benefit children with ASD. For example,
Gabriels et al. (2012) wrote, “While ASD is
characterized by a lack of human social
understanding, horses are highly social
animals who will respond to subtle human
cues (Grandin, 1997). Such responsiveness is
important for the cause-and-effect concrete
learning styles of individuals with an ASD”
(p. 586). In addition to horses’ social
sensitivity, several physical aspects of a horse
were hypothesized to contribute favorably to
the intervention. Granados and Agis (2011)
hypothesized the horse’s temperature
contributed to participants’ relaxation, and
Erdman et al. (2015) hypothesized the
horse’s size and power inspired a sense of
awe in participants. Horses’ calm and social
temperament also may contribute to their
therapeutic value. For instance, Harris and
Williams (2017) proposed “horses selected as
therapy animals typically have calm
temperaments
and
slower,
steadier
movements than smaller therapy animals.
Therefore, horses selected for use in [animalassisted interventions] are less likely to move
in a rapid unpredictable way, which children
with ASD characteristically dislike” (p. 2).
Furthermore, Borgi et al. (2016) noted that
animals, including horses, have a
“recognized ability… to positively engage
people, thus potentially counteracting the
social withdrawal characterizing [individuals
with autism]” (p. 2). Several authors also
proposed that the quality of movement
produced by the horse and transferred to the
participant can be therapeutic, which we
describe further in a separate section. These
unique characteristics of horses may all offer
important contributions to EAATs.
Communication. Thirteen of the 42
studies
(31%)
proposed
that
the
communication involved in EAATs is
beneficial for the participant. Authors
claimed that receptive, expressive, verbal,
13| H A I B

and nonverbal communications are all
emphasized in various EAATs. For example,
Ajzenman, Standeven, and Shurtleff (2013)
claimed, “The social opportunities provided
in the HPOT setting could enhance receptive
communication,
because
participants
practiced attending, comprehending, and
completing instructions provided by their
therapists during turn taking, planning, and
sequencing activities” (p. 660). Furthermore,
Rothe et al. (2005) suggested, “When the
horse responds to [a] request when being led
or ridden, the horse subordinates power to the
child [and] the therapist can observe,
comment and instruct the child in effective
development of communication skills, both
verbal and nonverbal” (p.381). This need for
effective communication was present during
mounted and unmounted activities. Erdman
et al. (2015) described, for instance, that “in
groundwork activities, the child is solely
responsible for the movement and behaviors
of the horse so the need for effective
interactive skills is particularly emphasized”
(p. 24). Ratliffe and Sanekane (2009)
similarly noted that “Verbal and nonverbal
communication is essential between horses
and humans in order to cooperate during
riding” (p. 37).
Many
authors
posited
that
opportunities for communication are
particularly valuable because the horse
provides an immediate reward for effective
communication. For example, Biery (1985)
wrote, “the student strives to coordinate his
hands and legs, to master a skill such as
halting the horse. The horse consistently
refuses to respond until the task is done
correctly and then he gives credit where
credit is due” (p. 352). Furthermore, Gabriels
et al. (2012) wrote:
If the child says ‘Walk on’, the horse
responds… A horse’s immediate
response to the behaviors (however
subtle) of an ASD child can be used
in treatment to help the child better
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understand or become more aware of
the impact of his or her socialcommunication behavior (p. 586).
Nelson et al. (2011) referenced applied
behavioral analysis while making a similar
claim, suggesting equine movement can be
used to reinforce social behavior. Therefore,
in addition to effective communication,
several authors also suggested that EAATs
can foster appropriate social interaction.
Social interactions with people.
Eighteen of the 42 studies (43%) suggested
that social interactions occurring throughout
the intervention are beneficial; these
interactions were with the instructor,
volunteers, other participants, and even
family members. For instance, Bracher
(2000) claimed that equine-assisted therapies
“require appropriate skills to effect a positive
working relationship with the horse and other
riders” (p. 279). Lanning, Baier, Ivey-Hatz,
Krenek, and Tubbs (2014) claimed that
equine-assisted activities provide “structure
and support for social skills development” (p.
1905). The presence of the horse may serve
to promote social interaction between the
child and other people in the environment.
Harris and Williams (2017) suggested that
animal-assisted interventions “may create a
‘social catalyst’ or ‘social facilitation’ effect,
where an animal facilitates social interactions
between humans. This may be achieved
through an animal’s presence and
spontaneous behavior providing a neutral
focal point between the child and their
interventionist/therapist” (p. 2).
Furthermore, some authors suggested
that EAATs promote joint attention skills;
joint attention is commonly impaired in
children with ASD. For example, Ward,
Whalon, Rusnak, Wendell, and Paschall
(2013) claimed, “It may be that during TR the
horse provides a shared reference for children
with ASD and the instructor, and the
behavior expectation is isolated so that the
child with ASD knows what to attend to” (p.

2197). Gabriels et al. (2015) furthermore
suggested, “One hypothesis is that riding and
working together with the horse to engage in
therapeutic riding activities involves a
nonverbal joint attention or shared attention
experience that may serve as a platform for
improving
behaviors
and
socialcommunication skills” (p. 547). Granados
and Agis (2011) claimed that equine-assisted
therapies affect social interaction on three
levels:
On one level, … especially with peers
who come to the group or other
sessions, the child has the opportunity
to share experiences and stories. On
another level, because a number of
helpers are needed in the therapy
sessions, the child must develop
relationships with them in order to
communicate more successfully with
the horse. On a third level, when the
child leaves the therapeutic setting,
the child returns to the world eager to
report to those around him or her
about their riding experiences. (p.
195)
These social interactions may also contribute
to the recreational nature of EAATs.
Recreational benefits. Seven of the
42 studies (17%) suggested that participants
benefit from the recreational nature of
EAATs. Many authors suggested that the
nature of horseback riding makes it an ideal
recreational pursuit for children with autism,
who are often recreationally-deprived.
This activity is particularly well
matched to the specific characteristics
of persons with autism, since it is
based on an individual activity but at
the same time brings into play
multiple interactions in a context
which is more structured and less
chaotic than other team sports. Its
essence is communication that is
tactile and epidermal with the animal
rather than verbal (which is usually
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altered in persons with ASD), and it is
performed in a highly motivating
natural environment. Thus, horseriding,
with
the
necessary
adjustments to adapt it to this group
of persons, is a sports and leisure
activity that can well form part of the
repertoire of activities suggested for
persons with ASD. (García-Gómez,
Risco, Rubio, Guerrero, & GarcíaPeña, 2014, p. 121)
Several authors suggested that
children who participate in EAATs may reap
physical, social, and emotional benefits
associated with engagement in recreational
pursuits. For example, Zabriskie, Lundberg,
and Groff (2005) claimed, “sport can have a
positive impact on the identity formation of
youth with disabilities by increasing their
skills and competence; offering outlets for
emotional expression, social interaction, and
connections with others with a disability; and
decreasing awareness of disability” (p.180).
Furthermore, Liddiard (2009) reported that
“increased self-confidence and esteem,
fitness and social benefits have been
associated with engagement in a physical
activity, particularly for children who have
disabilities, whose physical activity levels are
typically lower than non-disabled peers” (p.
85). Self-confidence and esteem may also be
promoted by the experiences of mastery often
afforded by EAATs.
Mastery. Six of the 42 studies (14%)
asserted that EAATs offered children a
chance to experience a sense of mastery. For
example, Bracher (2000) asserted that riding
and caring for the horse offers participants a
sense of control. Riding in particular often
offered an opportunity for a sense of mastery;
“riding up high and controlling a strong,
powerful animal was regarded as an
empowering experience: when riding a horse,
an autistic person is offered an all too
infrequent opportunity to embody a position
of power” (Malcolm, Ecks, & Pickersgill,
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2017, p. 9). Authors often connected these
mastery
experiences
to
improved
psychological
and
social
outcomes;
“Moreover, successful mastery of horseback
riding skills improves self-efficacy, selfconcept, self-esteem and self-control
(Macauley & Gutierrez, 2004) and affects
positively on social skills of children with
autism spectrum disorder” (Ghorban,
Sedigheh, Marzieh, & Yaghoob, 2013, p. 82).
Three papers specifically connected mastery
experiences to Bandura’s theory of selfefficacy, discussed further in Aim 1b
(Goodwin, Hawkins, Townsend, Van
Puymbroeck, & Lewis, 2016; Westerman,
Stout, & Hargreaves, 2012; Westerman,
Westerman, Hargreaves, & Verge, 2008).
These experiences of mastery may contribute
to the motivating nature of EAATs.
Motivation. Fifteen of the 42 studies
(36%) suggested that EAATs may be
particularly
motivating.
Authors
hypothesized that several different aspects of
interventions may be motivating. Bass,
Duchowny, and Llabre (2009) proposed that
riding the horse is rewarding, and Berg and
Causey (2014) claimed that the horse-human
bond is motivating. Liddiard (2009) proposed
that the context in which therapy occurs may
be motivating: “performing therapy away
from the clinic or classroom, while
participating in an enviable activity, can
foster necessary motivation and engagement
to attempt challenging tasks and learn skills”
(p. 75). Finally Biery (1985) posed that the
element of risk involved in riding may
improve motivation:
A hormone is released into the body
during a risk activity and this might
explain the feelings of euphoria and
elation experienced by the student in
a
therapeutic
riding
session.
Instructors and parents frequently
observe this euphoria; many believe
this elation may account for the
increased motivation on the part of
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the student. (p. 346)
Regardless of what element of an
intervention is motivating, most authors
agreed that this motivation encourages active
and sustained engagement in the therapy
session, therefore improving outcomes.
Lessick, Shinaver, Post, Rivera, and Lemon
(2004) wrote, for instance, that “while
traditional therapies often reach a plateau
where a patient may lose motivation to keep
trying, the excitement of riding stimulates the
rider and encourages many patients to work
through
discomfort
and
increasing
challenges” (p. 49). Furthermore, Ajzenman
et al. (2013) claimed that “performance of
goal-oriented motor and imitation activities
in children with ASD is typically more
meaningful in purposeful situations,
promoting willingness to engage in motorbased activities with peers (Baranek, 2002).
HPOT has been suggested to have similar
effects” (p. 654). Therefore, the motivating
nature of EAATs may make other aspects of
the intervention, such as the therapeutic
effect of equine movement, more salient.
Equine movement. Twenty of the 42
studies (48%) claimed that the movement of
the horse had positive effects on the
participant. Several authors claimed that
equine movement challenged and developed
postural control or balance. As explained by
Ajzenman et al. (2013), equine movement
can be used to target postural control,
ultimately improving participants’ ability to
perform functional tasks:
Postural
control
was
further
challenged because the horse took
several thousand steps during each
treatment session. We theorize that
the participants had to repeatedly
respond to the variability in the
horse’s
movement,
promoting
learned righting and equilibrium
reactions to remain stable to perform
activities during therapy (Shurtleff,
Standeven & Engsberg, 2009).

Involvement in HPOT thus has the
potential to enable children with ASD
to use newly improved automatic
postural mechanisms to improve
stability
while
standing
and
performing functional tasks. (p. 660)
Several authors also claimed that the
three-dimensional movement of the horse,
transferred to the participant, mimicked the
typical pelvic motion of walking and
therefore improved gross motor skills.
Furthermore, Liddiard (2009) claimed that
equine movement promoted attention:
“rapidly changing speed or direction
challenged attention and promoted active
engagement in the session activities” (p. 80).
In addition to challenging gross motor skills
and promoting optimal attention throughout
the therapy session, many authors claimed
that the movement of the horse provided a
beneficial sensory experience for children
with ASD, as next described.
Sensory experience of riding.
Seventeen of the 42 studies (40%) claimed
that the sensory experience of riding a horse
was beneficial for participants. Several
authors claimed that the demand to integrate
sensory information during challenging
motor tasks further improved gross motor
outcomes. For example, Silkwood-Sherer et
al., (2012) wrote, “Not only is the child
required to react to the pelvic perturbations,
but also the simultaneous forward movement
through space provides an opportunity to
respond to a variety of somatosensory,
vestibular, and visual stimuli” (p. 708).
Going beyond the focus on motor skills,
some authors suggested that the sensory
experience of riding a horse can promote
optimal arousal during therapy. As posed by
Gabriels et al. (2012), “Horses may help
organize or provide input to the ASD child’s
sensory system. This factor may contribute to
helping the child feel calm” (p. 586).
Llambias, Magill-Evans, Smith, and Warren
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(2016) similarly posed that “The horse’s gait
and speed may stimulate the vestibular
system with either a calming effect by means
of a quiet, unvarying gait or an alerting effect
by means of a fast walk or trot” (p. 2). Several
authors commented on the multisensory
nature of EAATs, which provide a multitude
of vestibular, proprioceptive, tactile,
auditory, olfactory, and visual inputs.
Granados and Agis (2011) brought in the
theory of neuronal group selection when they
hypothesized the value of this multisensory
experience, stating, “Neuronal plasticity
allows children undergoing hippotherapy to
learn and develop new connections in the
brain through the multisensorial stimulation
that hippotherapy offers. In turn, these
connections allow the learning of new skills
for functioning in the world” (p. 194).
Similarly,
Liddiard
(2009)
wrote,
“Hippotherapy provides a whole body
experience, engaging all of the senses in a
repetitive and graded motor activity that
requires an active response, thus optimising
neural
reorganisation
for
skilled
performance” (p.76). Some authors proposed
that this neurological reorganization and
development occurs specifically in the
cerebellum.
Cerebellar stimulation. Five of the
42 studies (12%) hypothesized that TR may
stimulate the cerebellum, a neuroanatomical
structure often implicated in ASD. Within the
included papers, the cerebellum was first
mentioned in 1985, when Biery claimed that
“the horse becomes the cerebellum, the
unconscious part of the brain responsible for
posture, balance, and coordination” (p. 348).
However, in 2009 Bass et al. offered a more
in-depth and ASD-specific hypothesis by
describing that cerebellar abnormalities are
common in individuals with ASD, and
summarizing the cerebellum’s role in motor,
sensory, and social functioning. Bass et al.
(2009) then suggested, “it is possible that
therapeutic horseback riding, an activity that
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demands motor learning skills, motor control,
and social engagement, is linked to cerebellar
functioning,”
which
may
explain
improvements in ASD symptoms (p. 1266).
Several authors have since cited Bass’
hypothesis about the role of the cerebellum
(see Table 2), but none has expounded upon
or tested this hypothesis.
Aim 1b: Rich Descriptions of Formal
Theories
Throughout the 64 papers in this
review, we identified 10 formal theories that
authors cited in relation to EAATs. We found
no evidence of a formally developed theory
specific to EAATs; rather, authors applied
theories from outside fields to the equine
context. In addition, although authors often
used formal theories to explain why certain
components of interventions were beneficial,
they rarely explicated whether or how formal
theories had informed their designs of
interventions.
Theories of sensory integration.
Five of the 64 papers (8%) referenced a
theory of sensory integration. Three papers
drew from Ayres’ (1972) theory of sensory
integration, while the other two papers
referenced sensory processing theories in
general, or Reeves’ (2001) expansion on
sensory integration theory. Drawing on
Ayres, two non-research papers describe that
integration of information from all the senses
is necessary for learning to occur (Bracher,
2000; Granados & Agis, 2011). For example,
“Learning is dependent on the ability of
normal individuals to take in sensory
information derived from the environment
and from movement of their bodies, to
process and integrate these sensory inputs
within the central nervous system and to use
this sensory information to plan and organise
behavior” (Bracher, 2000, p. 280). Two
research studies claimed that children with
ASD have particular difficulty processing
sensory information (Ajzenman et al., 2013;
Ward et al., 2013). For instance, “sensory
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processing theories suggest that children with
ASD have decreased ability to regulate
degree, intensity, and type of responses to
sensory information, resulting in limited
abilities to habituate and adapt during daily
activities” (Ajzenman et al., 2013, p. 654).
Three papers suggested that the multisensory
experience of EAATs—including tactile,
proprioceptive, vestibular, visual, auditory,
and olfactory input—leads to improved
sensory integration (Bracher, 2000; Granados
& Agis, 2011; Wuang, Wang, Huang, & Su,
2010). For example,
Our sense of touch, smell, taste, sight
and sound, as well as physical
movement and body awareness must
function together. Sensory integration
during hippotherapy occurs when
riding stimulates the tactile sense,
both
through
touch
and
environmental stimulation. Also, the
vestibular system is stimulated by the
horse’s change of direction and
speed… The olfactory system
responds to many smells involved in
a horse stable and ranch environment.
Vision is used in controlling the
horses. The many sounds of the ranch
help to involve the auditory system.
All of these senses work together and
are integrated during the act of riding.
(Granados & Agis, 2011, p. 193).
Bandura’s theory of self-efficacy.
Three of the 64 papers (5%) referenced
Bandura’s (1977) theory of self-efficacy.
Citing Bandura, these papers claimed that
self-efficacy can be fostered through four
main methods: “positive feedback, emotional
arousal, successful performance, and
vicarious experience” (Westerman et al.,
2012, p. 38). Westerman et al. (2008) sought
to embed these methods within an equineassisted activity. For example, “the vicarious
experience aspect of the model is
implemented by offering, when needed, a
model of the new behavior that the instructors

ask the riders to perform” (p. 62). Westerman
et al. (2012) went on to describe how a
program of TR integrated a mentoring
approach, whereby volunteers served as
mentors to the riders, intentionally fostering
self-efficacy throughout the program. This
paper also cited Vygotsky and Cole’s (1978)
theory of zone of proximal development to
explain how mentors can help riders achieve
more difficult tasks by offering assistance.
Finally, although the therapeutic riding drill
team described in Goodwin’s (2016) paper
was not intentionally designed to foster selfefficacy, interviews with key stakeholders
illuminated that all four elements of
Bandura’s theory of self-efficacy were
present in the intervention; Goodwin et al.
concluded, “the theory of self-efficacy can be
an appropriate theory to build and evaluate
therapeutic riding programs,” and suggested
improved self-efficacy “could lead to
improved functioning in areas such as
communication, social skills, and building
relationships” (p. 46).
Dynamic Systems Theory. Two of
the 64 papers (3%) referenced dynamic
systems theory (Lewis, 2000). Granados and
Agis (2011) proposed that human behavior is
determined by interactions among three main
systems: the person, the task and the
environment. Each of these systems has
constraints, which determine how they
interact with one another; developmental
outcomes emerge from the interactions
among systems. Granados and Agis claimed
that “movement patterns in the patient
emerge during hippotherapy as a result of the
self-organizing process involving the
interaction of multiple constraints” (p. 192).
In particular, postural control, arousal, and
motivation are important constraints in the
child, while temperature and rhythm are
important constraints within the horse. In
contrast, Ratliffe and Sanekane (2009)
referenced dynamic systems theory with
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more emphasis on systems within the child,
stating:
Horseback riding is believed to
influence multiple systems including
sensorimotor
(balance,
touch,
awareness of body position, eye
movements, body movements),
cognition,
respiration,
speech
production, and behavioral, social
and psychological domains (Casady
& Nichols-Larsen, 2004; Heine,
1997). The interactions between these
systems cause changes in the systems
themselves including improvements
in balance, strength, endurance,
perception, and other functional
skills. (p. 37)
Model of Human Occupation. Two
of the 64 papers (3%) referenced the Model
of Human Occupation (Kielhofner & Burke,
1980), a conceptual practice model in
occupational therapy. Bracher (2000) gave an
overview of the model, stating “the human
being should be viewed as an open system,
composed of three hierarchical subsystems:
volition, habituation and performance. These
three subsystems closely interrelate to control
the choices people make in engaging in
particular occupations” (p. 279). Bracher
went on to give examples of how TR may
affect volition, through claims such as “the
individual with a disability is able to feel in
control through achievement in riding or care
of the horse” (p. 279). Similarly, Taylor et al.
(2009) used the Model of Human Occupation
to introduce the concept of volition, which
was the outcome measured in their study of
HPOT.
Other formal theories. Each of the
following formal theories was mentioned in
one of the 64 included papers (2%):
Vygotsky’s zone of proximal development
(as cited in Westerman et al., 2012), applied
behavioral analysis (as cited in Nelson et al.,
2011), and theory of neuronal group selection
(as cited in Granados & Agis, 2011). Siporin
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(2012)
cited
attachment
theory,
psychoanalytic theory, and Kohutian theory.
We have already described most of these
formal theories as they were relevant to the
informal mechanisms of change identified in
Aim 1a.
Aim 2: Mechanisms of Change Associated
with Specific Interventions
The mechanisms of change presented
above were not found uniformly across all
studies, but rather varied based on the type of
intervention, indicating that certain types of
EAATs drew more strongly on certain
theoretical suppositions. While most types of
EAATs were only examined in a few studies,
TR and HPOT were investigated in five or
more studies. We next describe the prominent
mechanisms of change associated with TR
and HPOT.
Therapeutic riding. The most
common mechanisms of change in the 21
studies of TR were horse-human interaction
(12 studies; 57%), the sensory experience of
riding a horse (10 studies; 48%), the
movement of the horse (8 studies; 38%),
social interactions with people (9 studies;
43%), motivation (7 studies; 33%) and
communication (6 studies; 29%). A strong
emphasis on social aspects of TR, including
social interactions and communication with
the horse and people who were present was
thus evident. In addition, many authors
discussed the physical experience of riding,
focusing on equine movement that
challenged gross motor skills and
multisensory experiences of riding. Finally,
many papers suggested that children actively
engaged in both social and physical aspects
of the intervention due to the horse’s
motivating power.
Hippotherapy. The most common
mechanisms of change in the five studies of
HPOT were motivation (4 studies; 80%),
movement of the horse (3 studies; 60%), and
the sensory experience of riding a horse (2
papers; 40%). Three studies of HPOT
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presented remarkably similar mechanisms,
proposing that equine movement can be used
by an occupational therapist (Ajzenman et
al., 2013; Liddiard, 2009) or a physical
therapist (Silkwood-Sherer et al., 2012) to
challenge and improve the client’s postural
control. Authors drew on several
mechanisms to explain how HPOT
challenged postural control: the movement of
the horse disrupts the child’s center of
balance; clients get massed and random
practice in developing their own motorresponses to functional activities they find
motivating; clients must integrate and
respond to a variety of sensory information;
and challenges to postural control can be
graded by altering the horses’ speed and
direction, and the client’s position. SilkwoodSherer et al. (2012) summarized these
mechanisms well: “Hippotherapy provides
the benefits of mass practice in an activity
that forces a client to develop and refine
motor patterns with concurrent practice in
integrating sensory information in a
controlled environment as a whole-task
activity” (p. 708). Conversely, two studies
did not have this strong focus on motor
development, but rather examined outcomes
more related to social functioning, such as
volition (Taylor et al., 2009) and levels of
oxytocin (Tabares et al., 2012); the
mechanisms leading to such improvements in
social development were not clearly
developed.
Discussion
In this systematic mapping review,
we identified 42 research papers and 22 nonresearch papers of relevance to EAATs for
children with ASD, and systematically
extracted information to illuminate the
current state of theoretical development of
this body of literature. Across the 64 papers
included in this review, we identified several
formally-developed theories that authors
have related to EAATs for children with
ASD. These formal theories, although not

specific
to
horses,
provide
vital
underpinnings to our understandings of their
respective subjects (i.e. sensory integration,
human occupation, etc.) and may help
providers decide how to integrate horses into
different types of EAATs, guided by the
needs of the participants and the goals of the
program. Authors also proposed a wide
variety of mechanisms of change that may
help to explain the process by which different
types of EAATs promote positive outcomes
in children with ASD. Some mechanisms are
specific to EAATs (i.e. horse-human
interaction, equine movement, sensory
experiences of riding, equine qualities), other
are specific to individuals with autism (i.e.
cerebellar stimulation), while others may be
applicable to a myriad of interventions for a
variety of populations (i.e. social interaction,
communication, mastery).
Many of the formal theories and
informal mechanisms of change complement
one another, and can be used in conjunction.
For example, Bandura’s Theory of Selfefficacy reflects the informal mechanisms of
‘mastery’ and ‘social interaction’. Similarly,
theories of sensory integration may be
complemented by the informal mechanisms
of ‘sensory experience of riding’ and
‘motivation.’
Despite the existence of several
formal theories and informal mechanisms of
change in the literature, authors of research
studies investigating the effect of an equineassisted activity or therapy only rarely
applied these theorized mechanisms of
change to the specific challenges experienced
by children with ASD, related intervention
components, and intended outcomes.
Therefore, the current peer-reviewed
literature on EAATs for children with ASD is
in early stages of theoretical development.
Mechanisms of change must be more
than speculative; that is, they must be
explicitly linked to how interventions are
devised and delivered, and to specific
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targeted outcomes (Fleury & Sidani, 2012).
Furthermore, conceptual development of a
theoretical
framework
requires
an
explanation of the interdependence of the key
elements of the theory (Lynham, 2002).
There is thus a need to explore further how
the many mechanisms of change identified in
this systematic mapping review relate to one
another and work together to effect beneficial
outcomes in children with ASD. Further
conceptual development of theoretical
frameworks, and their operationalization into
specific intervention components, will help
future researchers confirm or disconfirm key
elements of proposed frameworks (Lynham,
2002). This phased, systematic approach is
considered best practice for developing and
evaluating complex interventions, since
strong emphasis on theory development in
early phases of intervention development is
“more likely to result in an effective
intervention” (Craig et al., 2008, p. 9).
Mechanisms of change often cannot
be directly tested, but rather must be inferred
by the convergence of multiple criteria (see
Kazdin, 2007). One important criterion is that
the proposed mechanism is plausible and
coherent, that is, it is reasonable and aligns
with other relevant research. We integrate
below several identified mechanisms of
change that seemed plausible, and coherent
with one another and outside research. In
doing so, we propose three theoretical
frameworks (Figures 3,4, and 5) that we
regard as especially promising and identify
the four key elements of each: participant
challenges(s), mechanisms, intervention
components, and outcomes (Fleury & Sidani,
2012). Lastly, we propose steps for further
developing each framework, based on
Lynham’s (2002) five phases of theory
development
in
applied
disciplines:
conceptual development, operationalization,
confirmation or disconfirmation, application,
and continual refinement. While we group
plausible mechanisms of change into these
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three coherent theoretical frameworks, we
acknowledge that a single equine-assisted
activity or equine-assisted therapy may not
draw from all pathways in a single
framework, or may draw from multiple
frameworks simultaneously.
Proposed
Theoretical
Framework:
Occupational Therapists And Physical
Therapists May Use Equine Movement to
Challenge and Improve Postural Control,
Possibly Leading to Improvements in
Gross and Fine Motor Skills, and
Participation in Daily Activities.
Figure 3 illustrates this proposed
theoretical framework. Children with ASD
demonstrate impairments (challenges) in
postural control (Mache & Todd, 2016), and
gross and fine motor skills (Green et al.,
2009). Supported by several studies, we
propose that occupational therapists and
physical therapists can use equine movement
to challenge and improve clients’ postural
control. This assertion is coherent with
educational materials put forward by AHA
(2019), and with outside literature reporting
that HPOT can improve postural control in
other populations, including children with
cerebral palsy (Zadnikar & Kastrin, 2011)
and adults with multiple sclerosis (Bronson,
Brewerton, Ong, Palanca, & Sullivan, 2010).
Improvements in postural control may occur
through several different mechanisms
identified in these studies: movement of the
horse, changed and graded by the therapist,
disrupts the child’s center of balance;
children experience massed and random
practice in developing motor-responses in
context of a functional, motivating activity;
and children must integrate and respond to a
variety of sensory information. These
principles are coherent with clinical
recommendations for habilitating postural
control in children, which include massed
and random practice in reacting to
disturbances
in
postural
control,
“functionally meaningful movements under

THEORETICAL DEVELOPMENT OF EAATS FOR CHILDREN WITH ASD

varied conditions” (p. 39) and “gradually
increasing the complexity of the sensory
information” (Westcott & Burtner, 2004, p.
42).
Authors posited that improved
postural control would also lead to improved
gross motor
and fine motor skills
(outcomes), which is coherent with research
that suggests postural control predicts motor
abilities in children with ASD (Mache &
Todd, 2016). In addition, authors
hypothesized that improved motor control
would lead to improved performance or
participation in daily activities. While there is
evidence that motor skills are related to daily
living skills in children with ASD (Jasmin et
al., 2009), prevailing thought in occupational
therapy suggests that interventions solely
targeting motor skills are insufficient;
targeting of the environment and task
demands is also necessary (e.g. Egilson &
Traustadottir, 2009; Sood, LaVesser, &
Schranz, 2014). Therefore, we suggest that
treatment strategies focused on the use of
Participant Challenges

Postural control

Gross and fine
motor skills

Intervention Components

Use of equine
movement
• Equine gaits
• Client positions
• Ground courses

Grading the amount
and quality of
sensory information

Mounted activities
that present the
just-right challenge

equine movement, or HPOT, may be one part
of more comprehensive professional services
by occupational therapists.
This theoretical framework is the
most developed thus far. Silkwood-Sherer et
al. (2012) provided a treatment protocol that
operationalized this theoretical framework
into intervention components, and three
studies provided preliminary efficacy
evidence that HPOT can indeed improve
postural control, gross and fine motor skills,
and performance or participation in everyday
activities (Ajzenman et al., 2013; Liddiard,
2009; Silkwood-Sherer et al., 2012).
However, all three studies implemented
small sample sizes without control groups,
and only one study was specific to children
with ASD (Ajzenman et al., 2013). Thus,
future research can assess the efficacy of
HPOT on improving postural control and
gross and fine motor skills of children with
ASD using larger, more rigorous research
designs such as a randomized clinical trial.

Mechanisms of Change

Outcomes

Equine movement
disrupts child's center
of balance

Improved postural
control

Children must
integrate and respond
to a variety of sensory
information

Improved gross and
fine motor skills

Massed and random
practice in developing
motor-responses to a
functional, motivating
activity

Improved
performance and
participation in
everyday activities

Figure 3. Proposed theoretical framework: occupational therapists and physical therapists may use
equine movement to challenge and improve postural control, possibly leading to improvements in
gross and fine motor skills, and participation in daily activities.
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Proposed Theoretical Framework: An
Equine-Assisted Activity or Therapy May
Simultaneously
Motivate,
Capture
Attention, and Provide Physiological
Regulation, Therefore Promoting the
Child’s Engagement in the Intervention,
Which May Serve as a Platform for Social
Development and Optimize Other
Targeted Outcomes.
Figure 4 illustrates this theoretical
framework. Children with ASD generally
have impairments (challenges) in social
attention (Dawson et al., 2004) and joint
engagement (Adamson, Bakeman, Deckner,
& Romski, 2009). A lack of social
engagement and preference for non-social
activities leads to further social impairment
in children with ASD throughout the course
of development, as children miss
opportunities to learn from social situations
(Jones & Klin, 2009).
Drawing upon several of the
mechanisms identified in this review, we
propose that an equine-assisted activity or
therapy may promote active engagement in
children with ASD. First, horses may be a
particularly powerful motivator for children,
motivating them to actively engage in
intervention activities, which is coherent with
outside literature that demonstrates that
children with ASD are more social in the
presence of animals (Fung & Leung, 2014;
O'Haire, McKenzie, Beck, & Slaughter,
2013; Silva, Correia, Lima, Magalhães, & de
Sousa, 2011). In line with this mechanism,
Beetz (2017) suggests that humans’ innate
affinity toward nature (i.e. the biophilia
hypothesis), in addition to the experiential
quality of interacting with animals triggers
participants’ intrinsic motivation. Second,
the very nature of learning to ride a horse
requires joint attention between the
participant and the instructor/therapist,
therefore capturing the participant’s attention
and promoting engagement. Third, the
horse’s movement and the participants’
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positions on the horse can be altered to be
alerting or calming to the participant, to
promote
the
participant’s
optimal
physiological arousal, and to support the
participant’s ability to remain engaged. The
use of equine movement to regulate arousal
is in line with the common practice of using
tactile, vestibular, and proprioceptive input to
help regulate children’s arousal levels (Lane,
in press). Each of these three mechanisms,
identified in this review, may work in concert
to promote the child’s active and sustained
engagement in the intervention. Furthermore,
these mechanisms are aligned with outside
research. Three common components of bestevidence
interventions
for
social
communication in children with ASD
include: (a) adult direction inserted into an
(b) interactive activity that is motivating to
the child, and that also (c) addresses
physiological regulation (Bottema‐Beutel,
Yoder, Woynaroski, & Sandbank, 2014).
A recent study investigated equineassisted occupational therapy aimed at
maximizing engagement in children with
ASD (Llambias et al., 2016). The authors
monitored the fidelity of the intervention,
therefore operationalizing this theoretical
framework into intervention components.
Children with ASD were more engaged
during the occupational therapy that included
horses, than they were during activities in a
playroom, thus providing preliminary
evidence in support of this theoretical
framework.
Increased engagement during the
intervention could plausibly contribute to a
variety of outcomes. First, it is theorized that
if children are engaged in their social
environment, social learning naturally occurs
(e.g., body language, facial expressions,
language, emotions) (Jones & Klin, 2009);
therefore, simply being engaged in an equineassisted activity or therapy could serve as a
platform for social development. This
potential outcome is coherent with research
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that found children with ASD who received
an intervention targeting shared engagement
also
demonstrated
improvements
in
language, play, and cognition (Chang, Shire,
Shih, Gelfand, & Kasari, 2016). Second,
increased engagement in an equine-assisted
activity or therapy could make the
intervention itself more potent, thus
optimizing a variety of targeted outcomes.
Take, for example, HPOT aimed at
improving postural control. Children in this
context may be very engaged in challenging
motor tasks presented to them; hence they
may experience larger improvements in
postural control than would have otherwise
occurred had they been distracted or unengaged. In other words, increased
engagement during an equine-assisted
activity or therapy is a potential mediator of

Participant Challenges

Intervention
Components

a variety of targeted outcomes.
One study thus far has addressed the
conceptual
development
and
operationalization of this theoretical
framework (Llambias et al., 2016).
Therefore, more research is needed to refine
the conceptual development of the theoretical
framework, continue to operationalize it into
specific intervention components, and
confirm or disconfirm engagement in an
equine-assisted activity or therapy as a
platform for social development and a
mediator of other targeted outcomes
(Lynham, 2002). Future research can focus
on
operationalizing
this
theoretical
framework into an intervention protocol, and
assessing its feasibility and efficacy.

Mechanisms of Change

Outcomes

Social Attention

Incorporation of
horses

Child motivated by
horses to engage

Social development

Joint Engagement

Interactive
mounted activities

Mounted activities
require joint attention

Active engagement
in the intervention

Use of equine
movement

Equine movement can
regulate arousal levels

Targeted outcomes

Figure 4. Proposed theoretical framework: an equine-assisted activity or therapy may
simultaneously motivate, capture attention, and provide physiological regulation, therefore
promoting the child’s engagement in the intervention, which may serve as a platform for social
development and optimize other targeted outcomes.
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Proposed Theoretical Framework: An
Equine-Assisted Activity or Therapy
Could Positively Reinforce Social
Communication and Provide Structure
and Support for Social Interactions,
Thereby Improving Social
Communication.
Figure 5 illustrates this proposed
theoretical framework. ASD is characterized
by challenges in social communication and
social interaction (American Psychiatric
Association, 2013). Drawing on several
mechanisms of change presented in the
literature, we propose that an equine-assisted
activity or therapy can be tailored to address
social communication and social interaction
(outcomes). Several authors proposed that
EAATs require both receptive and
expressive communication; we propose the
provider can grade these demands for
communication to present the just-right
challenge for each child. Furthermore, the
provider can differentially reinforce
appropriate social communication, and use
equine movement (i.e., walking, trotting) as
particularly powerful reinforcements. The
immediate and tangible nature of equine
movement as a reinforcement for social
communication may cater to the children’s
concrete learning style (Gabriels et al.,
2012). This mechanism—concrete positive
reinforcement for effective
communication—is coherent with research
that demonstrates reinforcement is an
evidence-based practice to promote
communication in children with ASD
(Odom, Collet-Klingenberg, Rogers, &
Hatton, 2010).
In addition to fostering
communication, Lanning et al. (2014)
suggested an additional mechanism: EAATs
may provide structured support for social
interactions. The specific strategies, that is,
intervention components, for supporting
social interaction within different types of
EAATs have not been explicated in the
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literature. However, it is conceivable that
several strategies for social skill
development could be incorporated into an
equine-assisted activity or therapy, such as
task analysis and chaining, prompting, selfmanagement techniques, perspective taking,
or knowledge of social rules (Bellini,
Gardner, & Markoff, 2014; Odom et al.,
2010). In addition, as piloted by Erdman et
al. (2015), typically developing peers can be
involved in the intervention, which is
coherent with research that supports the use
of peer-mediated interventions (Chang &
Locke, 2016). Finally, it is conceivable that
horses and the equine-environment could be
incorporated into a social skills group. In
their review of many social skills
interventions, Reichow and Volkmar (2010)
classified social skills groups as an
evidence-based practice for children with
ASD. These strategies for social skill
development may be particularly potent
when incorporated into an equine-assisted
activity or therapy due to the motivating and
engaging nature of the intervention, as
described in the previous section. In
particular, the presence of a horse may
enhance a providers’ ability to address social
skill development, since children with ASD
are often more social with other people
when in the presence of animals (O'Haire et
al., 2013). Perhaps contributing to this
theoretical framework, recent theorybuilding research suggests that experiencing
success in the context of an EAAT may
foster self-concept and self-efficacy, thus
promoting the child’s improved social
participation in daily life (Goodwin,
Hawkins, Townsend, Van Puymbroeck, &
Lewis, 2017; Martin, Graham, Taylor, &
Levack, 2017).
There is preliminary evidence
providing support for this proposed
theoretical framework. First, Nelson et al.
(2011) demonstrated that equine movement
can be an effective reinforcement for social
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communication. Second, across the literature
on EAATs for children with ASD,
improvements in social interaction and
communication are two of the most
promising outcomes (McDaniel-Peters &
Wood, 2017). However, the proposed
mechanism that EAATs offer structured
support for social interactions requires
further development; that is, what exactly
occurs during interventions that leads to
improved social skills requires clarification.

Participant
Challenges
Social
communication

Social interaction

Intervention
Component
s
Child presented
with graded
demands for
communication
Successful
communication
positively
reinforced with
equine movement

Structured support
for social
interaction

Coherence with outside research on social
skill interventions for children with ASD
also requires clarification. There is a critical
need to operationalize this theoretical
framework into specific intervention
components by creating an intervention
protocol, and then confirm or disconfirm
their efficacy through applied research; such
investigations could illuminate the “active
ingredients” that address social
communication in EAATs.

Mechanism
s of Change

Outcomes

Concrete positive
reinforcement for
effective
communication

Improved social
communication

Structured support for
social interaction

Improved social
skills

Figure 5. Proposed theoretical framework: an equine-assisted activity or therapy could positively
reinforce social communication and provide structure and support for social interactions, thereby
improving social communication
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Limitations
As this review is nested within a
larger systematic mapping review for all
populations, the database searches were
intentionally broad to capture papers related
to EAATs for all populations; individual
populations were not included in the search
terms (e.g. autism, cerebral palsy, multiple
sclerosis). We may have missed relevant
papers for two reasons: (1) we did not include
autism in the search terms, or (2) relevant
papers may not have been indexed in
databases. Additionally, we only included
papers published in English, so papers
published in other languages were not
represented. We identified three promising
theoretical frameworks, based on their
plausibility and coherence with other
literature, to advance the state of theoretical
development and illuminate next-steps for
research. Because, however, systematic
mapping reviews do not include formal
quality assessments of papers included in the
review (Grant & Booth, 2009), we cannot
verify the veracity of any identified
mechanism of change or theoretical
framework. Finally, we remained consistent
with authors’ uses of terms (e.g., rider),
names of interventions (e.g., therapeutic
riding) and conceptualizations of theoretical
content, which may or may not be consistent
with broader industry standards or relevant
literature. For instance, PATH Intl (2017)
requires that a credentialed health
professional provide an equine-assisted
therapy, yet Hawkins et al. (2014) stated that
a therapeutic riding instructor provided an
intervention they called “equine-assisted
therapy.”.
Summary and Conclusions
To our knowledge, this is the only
review that has aimed to synthesize the state
of theoretical development of EAATs for
children with ASD. We found several formal
theories and informal mechanisms of change
that help to explain how horses can be
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integrated into interventions to benefit
children with autism. Yet, we also found that
theory-driven
interventions—whereby
mechanisms of change were explicitly linked
to participant challenges, intervention
components, and targeted outcomes—were
rarely studied. To help promote future theory
development, we offered three plausible and
coherent theoretical frameworks, each drawn
from the reviewed literature and supported
with outside research. We urge future
researchers to continue the academic
discourse by building upon, critiquing, or
testing
these
potential
theoretical
frameworks. While the first proposed
theoretical framework is largely specific to
HPOT, the others may be generalizable to
many different EAATs. Therefore, future
work can also focus on the development and
testing of theoretical frameworks for specific
interventions. Development of the theoretical
frameworks that support different types of
EAATs for children with ASD can help to
clarify for whom the intervention is
appropriate, the processes that lead to
change, essential components of the
intervention, and what outcomes are likely to
be produced. In conclusion, we propose that
further theoretical development of different
types of EAATs for children with ASD is a
critical step that can ultimately lead to
interventions that are most effective and most
worthy of widespread dissemination.
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