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Abstract

Including animals in autism intervention is growing in both research and practice. A systematic
literature review was conducted to collate and synthesize all empirical research on animal-assisted
intervention (AAI) for autism published from 2012 to 2015. Findings from 28 included studies
revealed that AAI programs generally include one animal per participant with a total contact time
of approximately 10 hours over the course of 8 to 12 weeks. Research methodology is diverse and
though limited in many cases, has improved over the last few years. The most commonly reported
outcome was increased social interaction, which was unanimously significant across 22 studies.
The need for further research is highlighted, calling for a focus on refining AAI techniques,
identifying optimal circumstances for positive change as well as individuals who may not benefit,
and independent replication of high quality studies to move AAI from an enrichment activity to an
evidence-based practice for autism.
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There is a growing momentum in research and clinical practice related to the inclusion of
animals in a broad range of intervention services, particularly those for autism spectrum
disorder (O’Haire, 2013). Integrating animals into therapeutic programming is known as
Animal-Assisted Intervention (AAI), and is comprised of three categories: targeted
therapeutic services (Animal-Assisted Therapy, AAT), enrichment visits (Animal-Assisted
Activities, AAA), and educational programs (Animal-Assisted Education, AAE; Fine,
Tedeschi, & Elvolve, 2015). Its provision spans a wide spectrum of populations, from
typically-developing children to adults with psychiatric disorders (Barker & Wolen, 2008;
O’Haire, 2010). As the clinical practice of AAI for autism increases in prevalence, there is a
critical need for scientific evaluation and, if potentially efficacious, the development of
evidence-based best practices (Grandin et al., 2015; Palley, O’Rourke, & Niemi, 2010).

Including animals in autism services may stem from the fact that many reported outcomes of
interacting with animals map roughly onto challenges characteristically associated with
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autism, most notably social relationships and stress. Though autism is a spectrum disorder
with highly individualized difficulties, social deficits represent the core underlying feature
and source of impairment (Carter, Davis, Klin, & Volkmar, 2005). Social challenges can
include difficulty engaging in social interactions and forming social relationships (Jobe &
White, 2007). The presence of animals has been linked to increased social interaction among
communities (e.g. Wood, Giles-Corti, & Bulsara, 2005). It is possible that an animal may act
as a social facilitator to connect individuals with autism to the people around them (e.g.,
Sams, Fortney, & Willenbring, 2006). Animals have been documented to uniquely elicit
social interactions, above and beyond other traditional objects of engagement such as toys
(O’Haire, McKenzie, Beck, & Slaughter, 2013). The presence of animals has been shown to
change people’s perception other humans, rating people with animals as friendlier, happier,
and more approachable than those without animals (Rossbach & Wilson, 1992). Individuals
with autism may lack opportunities for positive peer interaction (White, Koenig, & Scahill,
2007); thus if animals can provide an appealing motivator for individuals to connect and
practice social interactions in a naturalistic environment, then their presence may be
conducive to fostering social development in addition to symptom reduction through
Animal-Assisted Intervention.

Animals also have an evidenced ability to influence human psychobiology via stress
reduction in social situations (e.g., Beetz, Julius, Turner, & Kotrschal, 2012). When faced
with social ostracism, people tend to have lower stress levels if an animal is present,
compared to a human companion (e.g., Polheber & Matchock, 2013). Children with autism
experience heightened social anxiety and are sometimes bullied and rejected by their peers
(e.g., Bellini, 2006). The presence of an animal may ameliorate some feelings of social
stress by acting as a buffer and positive focus of attention (Fine & Beck, 2015). Recent
neurobiological evidence suggests that children with autism may perceive greater social
reward from animal faces, compared to human faces, as indicated by greater activation in
brain regions related to reward and emotional arousal such as the amygdala and putamen
(Whyte, Behrmann, Minshew, Garcia, & Scherf, 2015). Face-to-face interactions with
animals may be more appealing and less threatening than those with human conspecifics
alone (Solomon, 2012). Though promising, the potential benefits of interacting with animals
for autism have been predominantly anecdotal.

Recent systematic reviews have gathered the published, empirical literature on AAI for
autism prior to 2014. One review identified 14 studies published between 1989 and 2012
(O’Haire, 2013). The findings were predominantly positive, revealing preliminary proof of
concept for AAI for autism; however, the study designs and methodology were notably
weak. Another review, focused only on studies with outcomes related solely to core autism
diagnostic criteria, identified 20 studies published between 1989 and 2013 (Davis et al.,
2015). This group of studies reported mixed and positive findings related to autism
symptoms, with several noted threats to internal validity compromising the robustness of the
outcomes. Across both reviews, the majority of studies had been published later in the
periods covered (between 2010 and 2013), indicating a growing momentum in research on
AAI for autism. Neither of the existing reviews examined the most recent studies between
2013 and 2015.
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Given the multidisciplinary nature of research on AAl, it is important to periodically collate
and capture the latest findings across a broad range of fields of study, including psychology,
animal behavior, sociology, nursing, medicine, and others. The overall goal of this
systematic literature review is to identify and synthesize all published, empirical research
studies which report outcomes of AAI for autism since the last inclusive systematic review,
that is, literature published between 2012 and early 2016. The specific aims are to (a)
describe the key characteristics of AAI for autism, (b) evaluate the state of the evidence
base, and (c) summarize the reported outcomes.

Protocol and Eligibility

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were used to perform this review (Liberati et al., 2009; Moher, Liberati, Tetzlaff,
& Altman, 2009). The study procedures were defined a priori in a protocol that specified the
search strategy, inclusion and exclusion criteria, and data extraction items. Inclusion criteria
replicated the O’Haire (2013) systematic review and consisted of (a) publication in English
in a peer-reviewed journal, (b) collection of empirical data on AAI or companion animal
ownership, where empirical is defined as the systematic collection and reporting of original
observational or experimental scientific research, and (c) reporting of outcome results for
participants with autism.

Search Procedure

Studies were identified by searching the following electronic databases for articles published
from the cutoff date for our last systematic review (June 2012) through January, 2016: ER/C,
Campbell Library, Clinical Trials.gov, Medline, ProQuest, PsycARTICLES, PsycINFO,
Scopus, and HABRI Central. Search terms for all databases included (1) at least one
identifier for autism spectrum disorder and (2) at least one identifier for AAI or pet
ownership in the full text of the article. Identifiers for autism included autism OR autistic
OR asperger(s) OR pervasive developmental disorder(s). Identifiers for AAl included a
comprehensive list of 38 search terms replicated from a prior systematic review (O’Haire,
2013).

Data Extraction and Evaluation

Information was extracted from each included study to achieve the three aims of the review.
To achieve the first aim—describing key characteristics of the AAls—data items included
AAI terminology, species, setting, ratio of interventionists/personnel to participants to
animals, animal/handler certifications, and dose (program duration, session frequency,
session length, and total contact hours). To achieve the second aim—evaluating study
methodology and risk of bias—data items included sample size, sample demographics (age,
gender, diagnosis), study design and effect size, control/comparison condition, assessment
measures (including type, standardized instruments, and raters/informants), ethical approval
to conduct research with humans and animals, and effect size. For the third aim—
summarizing outcomes—data items included the measures and results of each study,
subsequently organized by the most commonly evaluated outcomes. Additional data items
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were extracted for study identification and exploratory purposes, including first author,

publication year, country of corresponding author, and journal name.

Study Selection

The initial literature search identified 548 articles published between 2012 and 2016. A
flowchart of the study exclusion process is presented in Figure 1. The final sample included
28 articles (5.1% of the total initial pool) which met the inclusion criteria of empirically
evaluating and reporting outcomes of AAI for autism.

The number of studies increased each year, with 4 in 2012, 5 in 2013, 9 in 2014, and 10 in
2015. Though all included articles were published in English, the corresponding authors
were spread around the globe. Approximately 36% were from the United States (10 studies),
with the remainder from Australia, Hong Kong, Spain, the United Kingdom (2 studies each),
and France, Hungary, Iran, Ireland, Italy, Japan, Portugal, Romania, Singapore, and Sweden
(1 study each). The journal sources represented a broad range of disciplines, including
autism (9 studies), medicine (5 studies), education (4 studies), psychology (4 studies),
human-animal interaction and multidisciplinary (2 studies each), and neurochemistry and
nursing (1 study each). The study designs, samples, and outcome measures were diverse;
thus the results of this review will focus on descriptive and qualitative synthesis rather than
meta-analysis.

Characteristics of AAIl for autism

To describe the key characteristics of AAI for autism (aim 1), several features of AAl in
each of 22 included studies were summarized (see Table 1). Information on companion
animals (7= 5) and service animals (n7= 1) was not included in the characteristics synthesis
given that the format is qualitatively different.

Terminology.

Species.

The terminology used to denote AAI included 14 terms across 22 studies. Half (7= 11) used
a variant of the field-recommended terms with the word “assisted”, such as “animal-assisted
activities” or “equine-assisted activities.” The next most common terms included
“therapeutic horseback riding” (7= 7) and “hippotherapy” (7= 2).

The most common animals in AAI were horses (7= 12), which accounted for 55% of the
studies, followed by dogs (/7= 5), guinea pigs (/7= 3), and dolphins (n7 = 2). No studies of
AALl included multiple species, thus no direct comparisons between species were made.
Almost half of the studies (n= 10) did not report information about animal/handler
certification or registration. Of those that did (n7= 12), the most common certification was
through the Professional Association of Therapeutic Horsemanship (PATH) International (n
=6).
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To determine the personnel allocation for AAL, the ratio of personnel to participants was
compiled. In some cases, the horse studies indicated following PATH standards but did not
report any volunteers present in the sessions. The following numbers were calculated with
the reported individuals present, rather than making assumptions on personnel not reported.
The average number of personnel per participant was 1.7, including individuals with a range
of expertise and experience such as therapists, riding instructors, animal handlers, and
volunteers. The average was higher in AAI with horses (2.3) than with other species (1.0).
As a rough indication of the animal experience, we assessed the ratio of participants to
animals. The average number of participants per animal was 1.7, though most studies had
one or fewer participants per animal (82%, /= 18).

Dose was evaluated for each AAI by extracting the total program duration, number of
sessions, and session length. These data were then used to calculate the session frequency
and total contact time over the duration of the program. AAI programs ranged in duration
from 1 to 52 weeks. The average program duration was 12.8 weeks (SD = 11.5), but most
programs lasted between 8 to 12 weeks (55%, n = 12). The frequency of sessions ranged
from 0.1 to 4.6 sessions per week, at 1.4 on average (SD = 0.8). Session length ranged from
1 to 75 minutes, with most lasting between 15 to 60 minutes (86%, 7= 19); average session
length was 34.7 minutes (SD = 18.9). The total contact time, indicating time spent with
animals, ranged from 1 minute to 65 hours, at 10.1 hours on average (SD = 13.9) over the
course of the entire program. Programs with horses were slightly shorter (AM = —3.5 weeks)
and less frequent (AM = -0.4 sessions per week) than programs with other species; however
the total contact time was roughly the same (AM = -0.2 total contact hours) due to longer
sessions (AM = 16.0 minutes per session) with horses than other species.

Methodology and Risk of Bias

Sample.

To evaluate study methodology and risk of bias (aim 1), selected elements of each study’s
methods were extracted. The sample size, study design, assessment type, and raters/
informants are presented in Table 2 and the comparison condition is presented along with
outcomes in Table 3 for all 28 studies reviewed.

Sample sizes ranged from 1 to 164 participants. Approximately half of the studies (54%, n=
15) had relatively small sample sizes of < 20 and a quarter (25%, /7= 7) had larger sample
sizes of over 60 participants. All studies focused on children and/or adolescents, with no
studies of adults. Participants ranged in age from 2 to 20 years. The mean age across studies
was 10.5 years, based on 23 studies which provided the mean or enough information to
calculate it. Gender was biased towards males, with 79% male (733 of 926 participants).

Design and Effect Size.

Most studies (n7 = 26 of 28) used quantitative (rather than qualitative) designs: approximately
62% (n7=16) were within-participants, while the other 38% (7= 10) were between
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participants. The within-participants studies consisted of single-subject designs (n=7),
simple pre-post (7= 5), and repeated measures with control conditions (7= 4). The
between-participants studies consisted of non-randomized (n = 6) and randomized (1= 4)
control designs. Only 10 of 28 studies (36%) reported an effect size metric, which was most
commonly Cohen’s d(n=7).

Control/comparison.

Nearly a third (32%) of studies either did not have a control condition (n7= 8) or did not
report the content of the control condition (/7= 1). Half of the remaining studies included an
active control or placebo, which consisted of either sessions without an animal present (n=
5) or sessions with an alternative focus of attention through toys (/7= 5). The other half
included a no-treatment control, either via a waitlist period (7= 3), withdrawal period (7=
2), or in the case of companion animal studies, homes without pets (7= 4). Two studies also
included a comparison group of typically-developing children who experienced the same
experimental conditions as children with autism.

Assessment.

The majority of studies (55%, 7= 21) used a survey or interview assessment technique.
Other types of assessments included behavioral observation (7= 12) and physiological
assessment (7= 5). All but five studies (82%, 7= 23) incorporated at least one standardized
assessment tool, rather than using an investigator-designed instrument alone. Raters or
informants included parents (7= 17), research staff (7= 13), teachers (n=5), and children
with autism themselves (7= 4). For studies with behavioral observation, half (50%, 7= 6)
reported using blinded observers to reduce the risk of bias. Physiological assessments
included electrodermal activity (EDA), electroencephalogram (EEG), electromyography
(EMG), gait cycle analysis, salivary cortisol and salivary progesterone, in one study each.
Most studies (64%, n= 18) used only one assessment technique, rather than multi-modal
assessments.

Ethical Review.

Most studies reported on an Institutional Review Board (IRB) or equivalent approval for
conducting research with human participants (79%, 7= 22). Only 6 studies reported on an
Institutional Animal Care and Use Committee (IACUC) or equivalent approval for
conducting research with animals (21%).

Outcomes of AAI for autism

To summarize reported outcomes (aim 3), key findings were categorized by the frequency of
their reporting across the 28 included studies (Table 4). Given the potential risk of bias
identified in the methodological review, findings should be interpreted as preliminary in
most cases.

Social interaction.

The most commonly assessed outcome was social interaction, evaluated in 79% (n = 22) of
all included studies; all reported positive effects of AAI on social interaction. Changes
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included increases in social interaction on the Gillian Autism Rating Scale (GARS, n=2;
MdYusof & Chia, 2012; Ward et al, 2013), Pervasive Developmental Disorder Behavior
Inventory (PDDBI, n=1; O’Haire, McKenzie, McCune, & Slaughter, 2014) and Child
Activity Card Sort (CACS, n=1; Ajzenman, Standeven, & Shurtleff, 2013); social skills on
the Triad Social Skills Assessment (TSSA, n=1; Ghorban, Sedigheh, Marzieh, & Yaghoob
2013), Social Skills Rating System (SSRS, n=1; O’Haire et al., 2014) and its updated
version the Social Skills Improvement System (SSIS, n=1; Carlisle, 2015); socialization on
the Vineland Adaptive Behavior Scales (VABS, n=2; Ajzenman et al., 2013; Borgi, et al.,
2015) and Pedagogical Analysis and Curriculum (PAC, n=1; Steiner & Kertesz, 2015);
social responsiveness on the Social Responsiveness Scale (SRS, 7= 2; Gabriels, et al., 2015;
Holm, et al., 2014), social quality of life on the Pediatric Quality of Life (PedsQL, 7= 1;
Lanning, et al., 2014) and an investigator designed survey (n= 1; Garcia-Gémez et al.,
2014); as well as increased social interaction in qualitative reports (7= 2; Bystrom &
Persson, 2015; Carlisle, 2014) and behavioral observation (7= 8; Fung & Leung, 2014;
Fung, 2015; Grigore & Rusu, 2014; Funahashi et al., 2014; Holm et al., 2014; O’Haire et al.,
2013; Salgueiro et al., 2012; Stevenson, Jarred, Hinchcliffe, & Roberts, 2015). Nuanced
findings included one study showing changes in social communication and cognition, but
not motivation and awareness on the SRS following AAI with horses compared to a barn
activity control condition (Gabriels, Zhaoxing, et al., 2015); another showed increases in
prosocial behaviors but not social interactions on the Autism Diagnostic Interview — Revised
(ADI-R) following the introduction of a companion animal in the home (Grandgeorge et al.,
2012a). Given the high frequency of positive outcomes related to social interaction, it
appears that this is the primary research outcome of AAI for autism. All other categories of
findings were less commonly assessed than social interaction.

Language and communication.

Language and communication were evaluated in 43% (7= 12) of included studies. Among
these, 75% (n=9) reported significant improvements, while 25% (/7= 3) did not. Significant
changes included increases in communication on the VABS (= 2; Borgi et al., 2015;
Ajzenman et al., 2013), PAC (1= 1; Steiner & Kertesz, 2015), Systematic Analysis of
Language Transcripts (SALT, n=1; Gabriels et al., 2015), Psychoeducational Profile
Revised (PEP-R, n=1; Salgueiro et al., 2012), and behavioral observation (n=3; Holm et
al., 2014; O’Haire et al., 2013; Stevenson et al., 2015). Changes were seen in one study
using the GARS with dolphins (MdYusof & Chia, 2012), but not on another using the same
measure with horses (Ward et al., 2013). No significant changes were reported for
communication on the ADI-R for pet ownership (Grandgeorge et al., 2012), nor in a single-
subject behavioral observation study of AAI with horses (Jenkins & Reed, 2013). Taken
together, it appears that in some, but not all cases, verbal language communication may
increase from AAI.

Problem behaviors.

A subset of 29% (7 = 8) of studies evaluated problem behaviors and reported mixed
findings. Half found no changes in problem behaviors, including on the SSRS (n= 1,
O’Haire et al., 2014), SSIS (n= 1, Carlisle, 2015), Child Behavior Checklist (CBCL, n=1;
Jenkins & Reed, 2013), and behavior observation (7= 1; O’Haire et al., 2013). The other
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studies found some evidence of reduced problem behaviors, including reduced hyperactivity
on the ABC (n=2; Gabriels et al., 2015; Holm et al., 2014) and behavior observation (7= 1,
Funahashi et al., 2014). One study showed reduced aggressiveness on the Behavior
Assessment System for Children (BASC; Garcia-Gomez et al., 2014), but not reduced
internalizing or externalizing behaviors, which comprise the core problem behaviors on the
SSRS and SSIS. These finding suggest that internalizing and externalizing problems are
likely not affected by AAI, whereas hyperactivity may be modified in some cases.

Positive emotions.

Motor Skills.

Emotional display and experience were evaluated in 25% (/7= 7) of included studies. All
reported positive changes in emotional experience from AAl, including increased signals of
positive emotion such as smiling assessed via behavioral observation (7= 2; O’Haire et al.,
2013; Stevenson et al., 2015) or auto-detection through electromyography (EMG, n=1;
Funahashi et al., 2014), reduced irritability on the ABC (n = 2; Garcia-Gomez et al., 2014;
Holm et al., 2014), and qualitative reports by parents (n7= 1; Carlisle, 2014) or the child with
autism (7= 1; O’Haire, McKenzie, Beck, & Slaughter, 2015). Results from theses seven
studies indicate that AALI is related to positive emotional experiences.

Motor control and posture were evaluated in 21% (7= 6) of studies. The species in these
studies were only horses (/7= 5) and dolphins (/7= 1). Significant changes were reported in
most (1= 5) studies, with some nuances about the type of motor control. Changes included
increases in observation of postural stability (7= 2; Ajzenman et al., 2013; Jenkins & Reed,
2013) and fine (but not gross) motor skills (7= 1; Salgueiro et al., 2012) and improvement
on physical assessment of gait cycle and balance (7= 1; Steiner & Kertesz, 2015).
Standardized assessments yielded mixed results with positive changes in one (Borgi et al.,
2015), but not another (Ajzenman et al., 2013), study using the VABS subscale for motor
skills, and no changes on the Bruininks-Oseretsky Test of Motor Proficiency (BOT, n=1,
Gabriels et al., 2015). The breadth of measures and differential findings indicate that there is
insufficient data to draw conclusions regarding motor skills from AAI at this stage.

Restricted and repetitive behaviors.

Approximately 18% (7= 5) of studies evaluated repetitive behaviors. Most (7= 3) did not
find significant changes in this domain and there were contradictory findings for replicated
measures. For both the ABC and the GARS, one study found significant changes (ABC:
Holm et al., 2014; GARS: MdYusof & Chia, 2012) and another did not (ABC: Gabriels et
al., 2015; GARS: Ward et al., 2013). No significant changes were found in the study using
the ADI-R domain for restricted/repetitive behavior (Grandgeorge et al., 2012). Thus the
findings on stereotypy and restricted/repetitive behaviors are mixed, with weight towards no
changes from AAI.

Autism diagnostic evaluation.

Four studies (14%) conducted standardized assessments for autism diagnosis as outcome
measures. The findings were split, with half showing significant changes on the GARS (n=
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2; MdYusof & Chia, 2012; Ward et al., 2013), and the other half not showing significant
changes on the ADOS (n = 1; Stevenson et al., 2015) and on the CARS (= 1; Salgueiro et
al., 2012). Though small, this evidence suggests that AAI should not be considered a stand-
alone treatment for autism in its current state.

Three studies (11%) assessed and demonstrated reductions in stress or anxious arousal.
Measures included salivary cortisol (7= 1; Tabares et al., 2012), electrodermal activity
(EDA, n=1; O’Haire et al., 2015), and qualitative report (n=1; Carlisle, 2014). The
evidence base in this category is notably small, yet cohesive, with respect to individuals with
autism. However, two studies (7%) evaluated stress outcomes for parents. Findings were
mixed, with one study showing reductions in parenting stress on the Parenting Stress Index
(PSI) from companion animals (Wright et al., 2015), and another showing no significant
changes in caregiver strain on the Caregiver Strain Questionnaire (CGSQ) from service
animals (Burgoyne et al., 2014). Differential findings on stress for the child versus the parent
highlight the potential specificity of the target participant of AAL.

Discussion and suggestions for future research

The practice and study of AAI for autism are increasing. In just four years since the last
systematic review on the topic (O’Haire, 2013), the empirical literature has tripled, from 14
studies in 2012 to 42 studies in 2015. With this rapidly changing landscape, it is important to
collate and synthesize the evidence across the broad range of academic disciplines
contributing to the science behind AAI for autism. As noted, the three aims of this
systematic review were to synthesize the key intervention characteristics, assess the quality
of the research and provide targeted recommendations for ongoing study, and collate the
most commonly assessed outcomes of AAI for autism. Here the findings are reviewed by
aim, with specific suggestions for future research.

Characteristics of AAI for Autism

In the last systematic review of AAI for autism, only one study used a standardized term for
AAI (O’Haire, 2013). Over the last four years, multiple studies have begun to use the
recommended terminology of AAI as the umbrella category with its associated
subcategories of Animal-Assisted Therapy (AAT) and Animal-Assisted Activities (AAA;
Fine et al., 2015). The notable exception is studies with horses, where the term Therapeutic
Horseback Riding (THR) appears to be preferred. Despite nuances across some studies, the
field of research is unifying towards a standard nomenclature, which is essential to develop
evidence-based practices.

The most commonly researched species in AALl is the horse, whereas the most commonly
researched species as a companion or service animal is the dog; however, the prevalence of
these species in clinical practice may differ. The certification or credentials of the animal and
handler were reported in approximately half of the studies. The format and characteristics of
each AAI appeared to depend primarily on species. By necessity, AAl with horses took
place in riding centers, whereas AAI with other species occurred predominantly in schools.
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The number of personnel present was higher in AAI with horses, where the personnel:
participant ratio was 2:1, compared to 1:1 with other species. Most programs had a 1:1 ratio
of participants to animals, which is an important criteria to reduce potential animal welfare
problems caused by higher ratios of participants to animals. One strategy to assess attention
to animal welfare in AAI research is to identify whether approval has been obtained from an
Institutional Animal Care and Use Committee (IACUC) or equivalent for the inclusion of
animals in research (Ng et al., 2016). Among the reviewed studies, only 6 of 28 reported
such approvals. None specifically targeted and evaluated animal welfare outcomes. Where it
is not feasible to conduct statistically powered research on animal welfare concurrent to
human outcomes, studies should at a minimum prepare protocols and obtain approval for the
inclusion of animals in research with humans through an IACUC or equivalent. For cross-
sectional studies that do not involve any animal contact, exemption from these approvals and
a supporting explanation should be reported. Yet beyond ensuring the safety of animals in
human-focused AAI research, there is a critical need for studies specifically designed to
evaluate best practices and develop strategies to enhance animal welfare in clinical practice.

In the included studies, dosing of AAI was highly variable. The total duration of most
programs was between 8 to 12 weeks with approximately 1 to 2 sessions per week. Most
sessions ranged from 15 to 60 minutes; however, on average, the length of sessions was
longer for programs with horses (42 minutes) compared to other species (26 minutes).
Across all programs, the total amount of AAI time was around 10 hours over the course of
the study. The activities that filled this contact time were described in varying amounts of
detail. Future research should report the use of an AAI manual, the key components and
procedures followed with fidelity assessments, and animal/handler certifications and
standards.

The large variability of AAI characteristics indicates that the practice is not yet standardized.
Further investigation of AAI should enlist techniques to evaluate the dosing and trajectory of
change over time, to determine the most efficacious combination of personnel, animal, and
participant time that is optimal for both the participants and the animals. Synthesizing the
current evidence base in this review therefore focused on the broad concept of AAI for
autism, rather than the outcomes of a specific protocol. To achieve the second aim of the
review, key elements of research methodology were reviewed to evaluate the quality of the
evidence and potential risk of bias.

Evaluating the Evidence Base

The state of science on AAI for autism has improved in recent years. The most notable
changes from studies between 1989-2012 (O’Haire, 2013) and 2012-2015 (current review)
include larger sample sizes (< 42 in the previous review versus < 164 in the current review),
the use of control or comparison conditions (64% versus 75%) such as an active or attention
control (7% versus 43%), standardized outcome measures (36% versus 82%), blinded raters
(14% versus 21%), and physiological assessments (7% versus 18%). These improvements in
research methodology have raised the rigor of the evidence base on AAI for autism;
however, there are many areas that require further advances.
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Multiple types of research design are necessary to move forward the field of autism
intervention research (Mesibov & Shea, 2011). Small sample sizes are not necessarily a
weakness; however, single-subject methodology must include multiple assessments per
individual across conditions (Kazdin, 2011). Additionally, some small studies in the current
sample enlisted designs that are more appropriate for larger samples (such as randomized
trials), and thus were likely underpowered to detect significant differences between groups.
Further, there appears to be large variability in outcomes across individuals, which requires
either homogenous sample selection for single-subject designs or substantially large samples
to evaluate individual variation characteristics. Some evidence suggests that children with
autism are less interested in animals than their typically-developing peers (Grandgeorge et
al., 2015), so identifying the characteristics of the interaction that are uniquely efficacious
for this population, if any, is an important research agenda. Given that not all individuals
with autism will benefit, it is important to begin to determine for whom AAI is beneficial
and under what circumstances. Initial evidence suggests that children with autism who have
verbal language skills engage more with animals than with their non-verbal peers
(Grandgeorge et al., 2015). Identifying mediators and moderators of change relies on larger
datasets to enable sufficient power to detect differences based on participant characteristics
and other treatment factors.

There was a high risk of bias in many studies, which did not enlist blinded assessments to
corroborate parent and teacher reports. Though these individuals would be intimately
familiar with participants, they may be subject to expectancy biases or placebo effects. The
use of multiple assessment sources, including blinded assessments, will increase the validity
of findings in future AAI studies. A further way to enhance the validity is to use active or
attention control conditions (Marino, 2012). Less than half (43%) of the studies in the
current review enlisted these types of controls. Without them, changes may be due to
extraneous factors such as the presence of something fun and engaging, which does not
necessarily need to be an animal. To identify the animal as the active ingredient in AAI,
stringent control or comparison conditions must be enlisted.

The strongest study to date was a statistically powered randomized clinical trial of AAI with
horses, compared to an active control condition of barn activities with a life size horse
replica (Gabriels, Zhaoxing, et al., 2015). This study enlisted blinded assessors in addition to
parent reports on both observational and standardized survey instruments that are widely
used in autism treatment evaluation research (e.g., ABC). The outcomes therefore cannot be
attributed to selection biases in the sample (due to randomization), expectancy biases of
informants or demand characteristics (due to blinded raters and a placebo condition), novelty
(due to the presence of a novel life size horse replica in the control condition), or construct
confounding (due to nearly identical procedures except for the presence of a live animal). A
manualized treatment protocol and fidelity assessments were implemented. The results of
this study provide evidence for this particular AAI protocol with horses as a “probably
efficacious treatment” for autism, given that it has one study which meets the criteria for a
“well-established treatment” but has not yet been replicated; these criteria include a good
group-design experiment showing statistically significant superiority to a psychological
placebo, implementation of a treatment manual with a specified population, reliable and
valid outcome measures, and appropriate data analysis (Chambless et al., 1998). To validate
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it as a “well-established treatment” or evidence-based practice, another independent research
team needs to conduct a high-quality randomized trial using the same manual, compared to
an active control condition (Chambless et al., 1998; Reichow, Volkmar, & Cicchetti, 2008).
Alternatively, a large series of at least nine single-subject studies from independent
investigators should replicate the findings (Chambless et al., 1998).

For other AAls, these standards to reach the status of an evidence-based practice can also be
sought. Concurrently, it will be productive to conduct intervention development research to
construct an evidence-based manual prior to pursuing evidence-based treatment status.
Dismantling studies can be used to determine which components of the treatment are
essential or most effective (e.g. Kazdin, 2007). For example, targeted studies could be
enlisted to determine which activities or strategies with animals are most effective for
children with autism (e.g., group versus individualized programs, mounted versus ground
activities with horses, physical contact versus observation of animals). The rigid definition
of manual can also be expanded to accommodate written explanations of principles and
protocols that allow for individualized modifications (Mesibov & Shea, 2011).
Understanding the mechanisms and components of the AAI will strengthen the development
of evidence-based best practices that maximize positive outcomes for both human and
animal participants.

Taken together, the evidence base on AAI for autism is strong enough to establish general
proof of concept, but not cohesive enough to validate any specific protocol as an evidence-
based treatment at this time. To achieve the third aim of this review, proof of concept
outcomes were collated and synthesized to identify potential areas of change from AAI for
autism.

Outcomes of AAI for Autism

The most commonly reported outcome was increased social interaction, identified in 22
studies by 19 research teams across 14 countries. This finding mirrors AAI research with
other populations, where animals act as social facilitators and social supports for humans
(e.g., McNicholas & Collis, 2000). The robustness of the effect was evidenced by multiple
assessment types including blinded behavioral observation and standardized informant
reports, with active control and comparison conditions. Given the preponderance of data on
this domain, changes in social interaction are highlighted as the most promising potential
outcome from AAI for autism.

All other outcomes were assessed at a substantially lower frequency across studies. Proof of
concept is therefore limited in these domains, which yielded both positive and mixed results.
Findings were unanimously positive across studies for increases in positive emotions (7
studies) and reductions in physiological indicators of stress (3 studies). They were
predominantly positive across studies measuring increased language and communication (9
of 12 studies) and improved motor skills (5 of 6 studies, all with horses). Mixed results (half
reporting significant change) were identified for problem behaviors (4 of 8 studies), autism
diagnostic scores (2 of 4 studies), and parental stress (1 of 2 studies). Outcomes were
predominantly non-significant across studies evaluating restricted and repetitive behaviors
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such as stereotypy (2 of 5 studies). No studies reported significant declines or harm in any
area of functioning.

Discrepancies or mixed findings across studies may be due to a variety of factors related to
the intervention itself (e.g. species, protocol, dosage, personnel training), measurement (e.g.
different standardized assessments, different behavioral observation definitions, qualitative
interpretation), or methodology (e.g. comparison to different control conditions or lack
thereof, sample size and power). Given the large variability and heterogeneity across studies,
it is premature to draw conclusions about true efficacy differences. To build upon on the
findings of existing research and this review, further investigation is essential to validate
areas of potential promise (i.e., positive emotions, stress, language/communication, and
motor skills) and understand areas with mixed results or identify the conditions under which
they may occur (i.e., problem behaviors, autism diagnostic scores, and parental stress). At
this stage, it appears likely that restricted and repetitive behaviors in autism are not
substantially improved via AAL.

In addition to the areas evaluated in the current evidence, there are many open questions that
remain unexplored. There are several outcome domains that have not yet been assessed, such
as executive function or theory of mind, which bear direct relevance to autism intervention
and may be influenced by the hypothesized pathway of social reward motivation that is
different to exposure to human family members or peers. A parallel line of research has
begun to examine the effects of AAI for children with attention deficit hyperactivity disorder
(ADHD), which is a highly comorbid disorder (Busch et al., 2016). A direct comparison of
effects for autism and ADHD may provide insights into differential outcomes and arousal
implications for these common neurodevelopmental disorders.

One efficient way to advance the science is for service dog providers and other AAI
personnel to systematically collect data on their clients and outcomes during the waitlist and
treatment periods. A review of existing practices indicated that service dog providers for
autism are not currently assessing outcomes using standardized instruments (Butterly, Percy,
& Ward, 2013). Even small additions to their application and monitoring process would
vastly enhance our knowledge of and ability to predict successful animal-human pairings to
maximize outcomes. Other areas where research is lacking include standardized reporting of
adverse events and of critical importance, the assessment and protection of animal welfare.

Based on the existing evidence from 28 studies synthesized in this systematic review, the
provision of AAI for autism should be viewed as a possibly efficacious enrichment activity
for autism that may increase social interaction. The rationale for “possibly efficacious” is
that some good studies showed the treatment to be efficacious, but none reported replicating
the same treatment manual or protocol. Status as an efficacious complementary or
integrative treatment hinges on further research to establish and test manualized AAI
protocols. The same treatment manual must be used in multiple well-designed studies before
a treatment can be deemed “well-established.” Thus the continued use of varied (or absent)
program manuals hinders progress of the field towards meeting the criteria of an evidence-
based practice. It is also important to maintain a realistic perspective and recognize that
animals will not cure autism (Creagan, Bauer, Thomley, & Borg, 2015), but instead may
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offer a complementary and integrative approach to promote and enhance treatment
outcomes.

Limitations

Though largely comprehensive, the results of this systematic review are subject to several
limitations. First, the inclusion criteria were limited to only published, peer-reviewed journal
articles. It is possible that dissertations, theses, or other unpublished work may have
identified non-significant findings that remain unpublished due to their failure to support
investigator hypotheses. This phenomenon is often referred to as the “file drawer” effect,
whereby non-significant findings are hidden in a file drawer instead of disseminated for
publication. The allegiance of treatment researchers to validating their practices makes this a
relevant concern for the AAI field. Second, the limitation to English language studies may
have precluded the inclusion of a larger sample of international research. Third, no
restrictions were made with respect to methodological rigor. Weighting findings from
weaker designs equally to those with stronger designs may bias the outcomes of the review.
However, it is unclear whether this weighting would bolster or diminish the evidence base
on AAI for autism, given the contradictory nature of weak studies as potentially
underpowered with heterogeneous samples, or designed with minimally stringent controls.
Finally, the relatively short time frame of this review (roughly 3.5 years) may not have been
long enough to generate empirically strong data.

Conclusion

Research on AAI for autism is increasing in prevalence and methodological rigor. All
identified studies focused on children, with no research on adults. The characteristics of AAI
programs are varied, with horses as the most commonly researched species, followed by
dogs. Across a heterogeneous group of studies, the most consistent finding was increased
social interaction. Areas of potential promise requiring further investigation include positive
emotions, stress, and language or communication. Ongoing study should focus on technique
refinement, evidence-based manualization, the effects of individual differences, and
safeguards for animal welfare. Current practices should be viewed as potentially promising
enrichment interventions, rather than stand alone or complementary evidence-based
treatments.
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A 4
401 bibliographic records
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> e Not HAI (n = 149)
e Not empirical (n = 114)
e Not AAI (n=29)
e Not autism (n = 77)
e Robotic animals (n = 4)
4

28 articles included in
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Fig. 1.
Flow chart of study selection process. HA/human animal interaction, AA/animal-assisted

intervention.
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