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Preface 

Before you lies a minor thesis research report, about the effects on equine assisted 

interventions with military veterans with PTSD on the welfare and behaviour on the horses 

involved. This research report is part of the Horse-Power project, PhD research by Chantal 

Kapteijn (Department of Animals in Science and Society, Utrecht University), who was also my 

supervisor during this thesis.  

I chose to cooperate on this subject for my minor thesis, because I am interested in animal 

behaviour and because horses are my passion in both professional and personal life. I work 

with horses and do horseback riding in my spare time, and therefore I am interested in how 

horses and humans communicate. During my Bachelor I followed the minor óAnimal Sciencesô, 

where I researched what the effect of therapy with humans was on the welfare of the horses. 

It was a small presentation I had to give, but my interest in the behaviour and welfare of horses 

had increased. Therefore, I was honored to play a small part in this meaningful project with the 

horses and (ex) military veterans with PTSD. 

Beforehand, I had some experience with observing and scoring behaviour, but this was the 

first time that I had to score behaviour for such an important project and a very detailed 

ethogram. My supervisor explained everything very well and took the time to guide me. During 

the analysis I faced some difficulties with statistical procedures, as statistics were not my 

strongest skill. Gladly, my supervisor helped me with the difficulties I faced by discussing the 

analysis. This made me learn and grow in my statistical skills. Also, I have grown in questioning 

the data and outcomes, which made me think about other possibilities or ways to approach the 

analysis or the results. This led to inspiration for which tests I could use to answer my 

questions. 

First of all, I am thankful to Chantal Kapteijn for letting me take part in the project, and for taking 

the time to guide me and let me taking part in discussions about the behavioural scoring and 

analysis. Also, I want to thank Bas Rodenburg (Adaptation Physiology Group, Wageningen 

University and Research; Animals in Science and Society, Utrecht University) for being my 

second supervisor during the thesis period and giving feedback on my reports. Lastly, I like to 

thank my family and friends for supporting me during this Thesis project and for giving feedback 

when needed.  

I hope you enjoy reading this research report and can grasp the importance of making equine 

assisted interventions accessible for veterans who have to cope with PTSD, and the 

importance of the impact on equine behaviour. 

Tara Kay 

October 14th , 2022 
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Abstract 

Post-traumatic stress disorder (PTSD) develops after experiencing traumatic events, such as 

military veterans that faced traumatic events when in combat. However, some veterans showed no 

clinical improvement and retained their symptoms after treatment, indicating the necessity for 

alternative treatments. Equine Assisted Intervention (EAI) may be such an alternative treatment as 

it seems to be beneficial, but the knowledge regarding the effects on horse welfare is scarce and 

they might experience stress. When stress becomes chronic, it might have damaging effects for 

the horse, such as an inhibited immune system and increased risk of gastric ulceration and colic. 

However, limited insight into the impact of EAI on horses is present, and therefore the goal of this 

thesis was to investigate the effects of equine-assisted interventions on military veterans with PTSD 

and on the behaviour and welfare of the horses involved. 

Three groups of 8 veterans were included (24 in total), which were paired to one of the 5 horses 

used in the 12-week program. The group of horses was relatively stable across the three groups 

(after group 1, one horse was replaced). During a free interaction session at the start of each test 

day, veterans had 20 minutes to make (physical) contact with the horse. Observations were done 

with help of a defined ethogram and the program The Observer XT 16. Observers were pre-trained 

and tested for inter and intra-reliability, by comparing their scores to those of the PhD student on 

the project (± 0.77 and 0.88 respectively). A heart rate sensor, which was connected to a Polar 

watch, was used for heart rate measurement and BPM and RR data were imported into the Kubios 

software. Statistical analysis was conducted with SPSS and P-values <0.05 were considered 

significant.  

The mean PTSD score in veterans decreased significantly with 10.9 points over a 12 week-period 

(p=0.010) and remained stable for the subsequent 3 months (p=0.012). Half of the veterans 

(52.2%) showed clinical responsiveness. Horses showed most of the behaviours more frequently 

and had in general a lower heart rate variability when interacting with specific veterans (p<0.05). A 

group-effect was present. Social proximity was more observed in group 1 compared to group 2 

(p<0.001), and significantly less in group 3 than in group 2 (p=0.05). However, if these changes 

are caused because each group includes new veterans, or because the horses are used multiple 

times has not yet been determined. 

Overall, the Horse-Power project seemed to decrease the PTSD score in veterans. As for the 

horses, significant differences in behaviour were observed between groups and behaviour and 

HRV were significantly affected by veterans, but it is not determined if this elicits permanent 

behaviour changes in the horse. More research over a more extended period of time, with a bigger 

sample size of horses and more groups should be conducted to be certain that any negative and 

permanent changes in behaviour are present.  For now, it does not seem harmful for the horses to 

use them for EAI. 

KEY WORDS 
Horse-power, anxiety disorder, animal therapy, soldier, alternative treatment 
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Chapter 1: Introduction 

Post-traumatic stress disorder (PTSD) is an anxiety disorder, that might develop after 

experiencing traumatic events, where a human has been exposed to a threat, physical harm, 

death or sexual violence. Accompanying symptoms are: re-experiencing via nightmares or 

flashbacks, avoidance behaviour, negative thoughts and mood, altered arousal, and hyper-

reactivity (American Psychiatric Association, 2013). A person can suffer from PTSD for years 

and may develop subsequent problems, such as significant functional impairment, psychiatric 

co-morbidity, suicidality, substance abuse, chronic pain, poor physical health and a delay in 

seeking treatment (Jacobson et al., 2001; Sareen et al., 2007; Wang et al., 2005; Westphal et 

al., 2011).  

Military veterans have faced high trauma risk through combat, injury, captivity and sexual 

assault (Gates et al., 2012; Hoge et al., 2004; Murdoch et al., 2004; Suris & Lind, 2008). A 

strong relationship was found between combat experiences (being shot, handling dead bodies, 

knowing someone who was killed, killing enemy combatants) and the prevalence of PTSD. For 

example, veterans that experienced a higher number of firefights had also a higher prevalence 

of PTSD (no firefights: 4.5%; one/two firefights: 9.3%; five firefights: 12.7%; more than 5 

firefights (19.3%; p<0.001). One study reported that of the veterans that screened positive for 

a mental health disorder, only 38 to 45% of these veterans was interested in receiving help, 

and only 23 to 40% of these veterans in fact sought treatment (Hoge et al., 2004). In total 30-

50% of the patients receiving treatment for PTSD (N=883) show no clinically significant 

improvement and 60 to 70% even retain their PTSD disorder post-treatment (Steenkamp et 

al., 2015). This indicates the necessity for alternative therapeutic interventions. 

Equine Assisted Intervention (EAI) is an alternative therapeutic intervention for people with 

physical and mental health conditions (Anestis et al., 2014; Selby, 2013).  EAI uses horses to 

enable communication and awareness of oneôs thoughts and behaviours (Anestis et al., 2014; 

Schultz et al., 2007). Horses are social animals and like many large grazing herbivores, group 

living was an important survival strategy, because it reduced an individualôs risk of ending as 

prey and increased the change to detect an approaching predator. This led to domesticated 

horses that are pre-adapted to form associations with other species and respond to the warning 

signals in the body language of other individuals (Goodwin, 1999). Horses are proven to be 

beneficial for the recovery of veterans. Various benefits of working with horses are: building 

trust, increased confidence, better (non)verbal communication, reduced anxiety, a decrease in 

feeling isolated and horses offer a genuine way to communicate deep embedded issues, which 

play a part in PTSD (Lanning & Krenek, 2013). Also, it was documented that physical contact 

with horses has increases levels of serotonin and oxytocin (Cho et al., 2015; Pendry et al., 

2014) and heart rate variability (Cabiddu et al., 2016) of the humans that are interacting with 
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the horses. Moreover, participants of equine assisted psychotherapy described being more 

oriented in the present, better able to live in the here-and-now, burdened less by regrets, guilt 

and resentment, less focused on future-related fears, and more independent and self-

supportive (Klontz et al., 2007). Other benefits of EAI are: an increase in socialisation and 

communicative behaviour patterns, reduction of stress, reduction of anxiety and feelings of 

loneliness, and lastly an improvement in the quality of life and daily activities (Martín-Valero et 

al., 2018; Muños et al., 2015). Physiological and behavioural benefits, as well as improvement 

in PTSD questionnaires, for the veterans when interacting with horses are already known to 

exist. However insight into the effects on the horses are still lacking and it would be valuable 

to obtain more insight into the effects of EAI on the horses. 

With an increase in the number of horses used for EAI programs, it becomes more important 

to understand the effect of EAI on the level of stress and quality of life in the horses used for 

the program. Psychological or physical stress in the horse might be caused by the physical 

and psychological health challenges that EAI participants experience (McKinney et al., 2015). 

If horses experience acute stressors, it can help the horse cope with its environment and 

challenging events. When stress becomes chronic, it might have damaging effects, such as 

increased aggressive behaviour, decreased growth and reproductive capability, inhibition of 

the immune system, increased risks of gastric ulceration, colic and diarrhoea (reviewed by 

Williams, 2004). Until now, there is limited insight into the impact of EAI activities on the stress 

response and welfare of the horses used (Malinowski et al., 2018). 

Stress is a physiological response that prepares the body to face external or internal demands. 

Two systems within the body influence this response: the hypothalamus-pituitary-adrenal 

(HPA) axis (1) and the autonomous or vegetative nervous system (2) (Cuixart, 1994). Cortisol 

has been accepted, for a long time, as the classic biomarker of stress in the HPA system. 

Cortisol is a natural glucocorticoid hormone, which is produced by the adrenal cortex and 

secreted by stimulation of the sympathetic nervous system. The key function of cortisol is 

mobilizing energy to protect homeostasis of vital biochemical processes, during physical and 

psychological stress (Covalesky et al., 1992). A neuropeptide that can decrease cortisol 

concentration is oxytocin. Oxytocin is built out of nine amino acids, which are produced by the 

paraventricular and supraoptic nuclei of the hypothalamus. Oxytocin is involved in social 

behaviours, including reproduction, parenting, and positive social interactions resulting in a 

general feeling of mental and psychological well-being (Ishak et al., 2011; Uvnäs-Moberg, 

1998). Oxytocin has a calming effect by reducing stress hormones (such as cortisol) in humans 

and animals, and is associated with increased parasympathetic function (Beetz et al., 2012). 

However, besides oxytocin and cortisol, there are other physiological parameters to recognize 

stress. Namely, heart rate variability (HRV). HRV is considered to be a better biomarker for the 
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vegetative nervous system (Michels et al., 2013; Kim et al., 2017). HRV refers to the variation 

in the intervals of time between each heartbeat. This is usually measured with an 

electrocardiogram (ECG). An ECG detects each of the R waves (the voltage expressed in each 

heart beat) and determines the time between each succeeding R wave, which is called the R-

R interval (Malik et al., 1996). Analysing the HRV allows one to study the Autonomic Nervous 

System (ANS). ANS activity is based on the balance between the Sympathetic Nervous 

System (SNS) and the Parasympathetic Nervous System (PNS). In a state of rest, the PNS 

system is more active, while in a state of anxiety, stress or physical exercise the SNS system 

is more active (Rodas et al., 2008). A low HRV transmits a regular and repetitive heartbeat, 

which is associated with adjustments in the regulatory functions and the ANS. This leads to a 

decrease in the systemôs capacity to deal with stressful internal and external situations. A high 

HRV is connected with the activation of the PNS, for example being in a relaxed physical and 

psychological state (Kim et al., 2017).  

Besides measuring physiological markers, it is possible to assess the behaviour of the horse. 

Observing behaviour offers objective and non-invasive ways to assess equine welfare (Young 

et al., 2012). Displacement behaviour is a response of animals that experience difficulties in 

coping with mental or physical discomfort, mostly demonstrated in a form of resistance to 

handling or cues (McGreevy et al., 2005). For example, yawning is considered to be triggered 

by stress and emotional situations (Fureix et al., 2011; Górecka-Bruzda et al., 2016). Overall, 

behavioural indicators that were documented to be linked to stress in domestic horses were: 

repetitive head movements, ears pinned back, defecation, approaching and withdrawing from 

a stressor, repeated tail swish, pawing, distancing from a stressor, stamping of hind feet, and 

snorting (Young et al., 2012). Mutual grooming between horses, which is an affiliative 

behaviour, is considered to be representative of positive emotional state (Feh & De 

Mazières,1993), and is found to be rewarding to the horse (Van Dierendonck & Spruijt, 2012). 

Possibly, it might also be rewarding when mutual grooming takes place between horse and 

human. This was suggested after that a decrease in heart rate was observed, in both horses 

and humans, when the human was stroking the horse for at least 20 seconds (Hama, Yogo, & 

Matsuyama, 1996). In humans, stress is often coped with by showing displacement behaviour, 

such as scratching or touching the face in irrelevant situations (Troisi, 2002). Displacement 

behaviour plays a part in regulating the impact of the stressor (Mohiyeddini & Semple, 2013; 

Pico-Alfonso et al., 2007) and the rate of displacement behaviour seems to increase when a 

person is experiencing anxiety and stress (Ekman & Friesen, 1972; Mohiyeddini & Semple, 

2013, Troisi, 2002). Besides self-touching and scratching, there are also other behaviours 

which are considered to be displacement behaviours, namely self-grooming, bringing hands in 
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contact with mouth or face, yawning, hand movements, twisting the mouth, and licking or biting 

the lip (Mohiyeddini, Bauer & Temple, 2015; Troisi, 1999). 

Overall, the goal of this thesis was to investigate the effects of equine-assisted interventions 

on military veterans with PTSD and on the behaviour and welfare of horses involved in the 

therapy. Also, it will be investigated whether there is a decrease in PTSD score of the military 

veterans, when finishing the Horse-Power project. This will be accomplished by observing the 

behaviour of the veterans and horses, and by gathering cortisol and oxytocin samples and 

monitoring the HR and HRV. 
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Chapter 2: Material and Methods 

 

2.1 Horses and Veterans 

A total of 24 military veterans, distributed over three groups (Group 1: N=8; Group 2; N=8; 

Group 3; N=8), participated in the EAT sessions. Both male and female veterans of different 

age groups were included (table 1). The horses that were used (N=5; 4 per group) for the EAT 

sessions were housed at the Dutch riding school óStal Groenendaal Bunschotenô in Utrecht. 

Also, the riding school provided their indoor riding ring for the EAT sessions every Thursday. 

Horses had different ages and genders (table 1).  

Table 1  Distribution of age and gender of the veterans and horses participating in the research. 

  
 

N 

 
Mean age  
(min-max) 

Gender 

Male  
N (%) 

Female 
N (%) 

Veterans 24 47 (31-67) 15 (62.5) 9 (37.5) 

Horses 5 18 (10 ï 26) 4 (80.0) 1 (20.0) 

 

2.2 Observations and ethogram 

2.2.1 Practical research  

Every Thursday, from April 7th until July 7th 2022 (with exception of Liberation and Ascension 

day) EAI sessions took place with group 4 (data was not included). Group 1, 2 and 3 already 

finished their sessions before (data included in research). In the first week the veterans were 

able to choose their own horse to work with, which ultimately led to veteran-horse duoôs 

(Supplement 1) that stayed together for the 12-weeks of EAI. Interaction between veterans 

and horses were labelled as either free interaction or directed interaction. During 20 minutes 

of free interactions, the veterans were able to interact freely (the way they liked) with their 

horse and make physical contact. During directed interactions, the veterans were given an 

assignment they had to perform with their horse (such as grooming, guiding the horse through 

a trail, lunging, horse riding). The interactions were filmed with Android (figure 1) phones, to 

observe and score the videoôs afterwards at the University of Utrecht.  

2.2.2 Equipment for physiological measurement 

Heart rate and activity were monitored during rest (baseline) and interaction (both free and 

directed interactions) with the horses. This was done with a Polar H10 heartrate sensor, which 

was connected to a m430 watch from Polar (figure 2), and activity sensor from Actigraph GT3X 

(figure 3). To ensure that the heartrate sensor would connect properly, the coat of the horses 

was made wet (figure 4) and for both humans and horses the electrodes were coated with 

Aquasonic 100 conducting gel. For humans, only the electrodes were coated with the gel. Raw 
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BPM (beats per minute) and RR data were downloaded via the Polar website, and imported 

into the software. Videos from the observations were transferred from the phone to the laptop. 

Saliva samples (Salimetrics, Saliva Bio children swabs), of both horse (figure 5) and veteran, 

were gathered directly before and after every interaction between a horse and veteran duo. 

The saliva samples were stored on dry ice (-80 degrees) and on a later moment sent to the 

lab in Vienna (Austria) for measurement of cortisol and oxytocin. Due to equipment issues, 

there was a delay in analysing the saliva samples, and therefore these samples were not 

included in the analysis of the current report. 

 

 

 

 

 
Figure 1. Four Android phones used for filming the  
interactions between veteran and horse, with the  
corresponding colour.                              

 
 
 
 
 
                  Figure 4. Equipment with Polar watch and  
                         sensor, attached to the horse. Coat is  
                         moistened for better conductance. 
 
 

Figure 2. Watch and heartbeat sensor from Polar. 
 

 
 
 
 
 
 
 
 
 

Figure 3. Active Actigraph (a), and all Actigraphs for           Figure 5. Saliva sample taken from a horse 
each horse and veteran duo (b).                                      used for the Horse-Power project. 
 

2.2.3 Observation of videos 

All behaviours and interactions of the veterans and horses were scored, with the help of an 

ethogram (Supplement 2). All observers were pre-trained to aim for equivalent behaviour 

scoring, and subsequently tested for inter-reliability. For the observations of the videos, the 

software package Observer TX 16 (Noldus IT, Wageningen, The Netherlands) was used. The 

inter-reliability test should have a Cohenôs kappa of greater than 0.61 to be considered as 

acceptable. Any Kappa below 0.60 indicates poor reliability, and a higher Kappa value 

indicates a higher percentage of reliable data (McHugh, 2012). Each group was scored by one 
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observer to avoid observer bias over the weeks within one group. To ensure that the scoring 

of the videos happened bias-free, the observer that was scoring the video was not present at 

the EAI and was blind to the week of the interaction, as the videos were randomised. The free-

interaction videos of week 1, 2, 6, 7, 11 and 12 of therapy were observed. Each video was 

watched twice to score the behaviour of the horses and the veterans. An intra-reliability test 

was performed between the two observations of the same video, scored by the same observer. 

Similar to the test for inter-reliability between observers, the Cohenôs kappa for the intra-

reliability within an observer should be greater than 0.61 to be considered substantial (McHugh, 

2012). 

2.3 Literature research 

Literature research was performed in the databases óScienceDirectô, óPubMedô, and óGoogle 

Scholarô. Another approach was to analyze the reference lists of the articles used, to find 

articles that were used in existing literature. The literature research (Supplement 3) will be 

used to gain more background about PTSD in military veterans, stress, and the benefits and 

background on studies about EAT. Literature will be used for writing the introduction and for 

discussing the results in the discussion chapter. 

2.4 Data analysis 

2.4.1 Tag list  

A tag list (figure 6), was maintained during de days of observation. 

Besides start and ending times of the observation, the tag list also 

included start and ending time of heart rate baseline 

measurements, the time of saliva (both horse and human) 

collection, and additional information such as the date, humidity 

percentage, temperature of the day, and special information like 

absence of veterans or unexpected events.  

2.4.2 Excel  

The total duration of behaviours was corrected for the time of the 

duration of the interaction and for the time that the horse spent out 

of sight, and was presented as a percentage of the total time. This 

was done, because not all interactions lasted precisely 20 minutes and because the horses 

were not always in sight of the camera. Duration behaviours that were included were 

locomotion, standing, (no) social proximity and physical contact. Besides that, some 

behaviours were grouped into a new variable via a PCA-analysis (chapter 2.5.1). When the 

data was organized, the Excel document was imported into SPSS Statistical Software 28. Only 

free interactions were observed, and therefore no data of the directed interactions were 

Figure 6. Tag list including the start and 
end time of each observation, date, 
humidity and temperature, and time of 
saliva samples.  
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included in behavioural observations. HRV data was included in the analysis for both free and 

directed interactions. The HRV was expressed via the root mean square of successive 

differences between normal heartbeats (RMSSD) and via the standard deviation of all NN 

intervals (SDNN), both time-based parameters. RMSSD was used as measurement to 

estimate the mediated changes reflected in HRV, and reflects the beat-to-beat variance in 

heart rate (Shaffer, McCraty, & Zerr, 2014). SDNN values reflect the degree of ANS activity 

(Draghici & Taylor, 2016). It was observed that 37 female veterans with PTSD (N=125) had 

lower SDNN values compared to individuals without PTSD (Lee & Theus, 2012). This suggests 

that the flexibility of the ANS is reduced and that PTSD veterans have a lower ability to cope 

with stress, which was for example seen by the lower SDNN and RMSSD values in females 

with PTSD compared to females without the stress disorder (Lee & Theus, 2012).  

2.5 Statistical analysis 

For the statistical analysis the program IBM® SPSS® Statistical Software 28 was used. P-

values were considered significant, for all tests, when they were lower than 0.05.  

2.5.1 Reliability 

The mean Cohenôs kappa for inter-reliability between all observers was for frequency of 

behaviours 0.77 and for duration of behaviours 0.76. For the intra-reliability a mean Cohenôs 

kappa of 0.88 was found for both the frequency and duration of behaviours. This indicates that 

both reliability tests were acceptable and that the observers scored similarly, as the Cohenôs 

kappa should be greater than 0.61 to be considered as acceptable (McHugh, 2012). 

2.5.2 Principal component analysis 

A principal component analysis (PCA) was performed to reduce a large set of behavioural 

variables, into a smaller set of principal components. Varimax rotation was used to minimize 

the overlap between behaviour components and maximize the variation, to be certain that 

behaviours did not load on multiple factors. The components could only be grouped if the 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) and the significancy were 

acceptable (resp. Ó0.5  and Ò0.05). Variables were grouped together, when a component score 

greater than 0.5 was present. A PCA was run for veteran social behaviour, veteran non-social 

behaviour, horse social behaviour, and horse non-social behaviour. To start with, all (non-) 

social behaviours were included in the fitting category and the PCA was run. Some behaviours 

were excluded from the PCA via backwards deletion, because they did not belong to any 

component or had a component score lower than 0.5 for all components. 

2.5.3 Normal distribution 

A Kolmogorov-Smirnov test was run to test for normality. For the data of the veterans, only 

percentage of locomotion, percentage of standing, and percentage of physical contact were 
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normally distributed (p>0.05). Percentage of (no) social proximity and all the PCA components 

for veterans were not normally distributed. For the horse data, only oral behaviour and 

percentage of the ears pinned back were normally distributed (p>0.05). The other PCA 

components, percentage locomotion and standing, and the percentage (no)social proximity 

were not normally distributed. The heart rate variability (HRV) SDNN of both horse and human 

were normally distributed (resp. p=0.081 and p=0.200). The HRV RMSSD was normally 

distributed for horse (p=0.200), but not for human (p<0.001). 

2.5.4 (Generalized) Linear Mixed Model 

A (Generalized) Linear Mixed model was used to test if several factors (week, group, round, 

responsiveness to the EAI, horse, human) have an effect on the heart rate variability and 

behaviour of the veterans and horses. When data was normally distributed, a Linear Mixed 

model (LMM) was used, otherwise a Generalized Linear Mixed model (GLMM) was used. Not 

normally distributed PCA components were first transformed, before analysis with a GLMM, to 

eliminate the negative or zero values from the data, by adding a value of 10 to the entire 

behavioural column. The Akaike information criterion (AIC) is an estimator of prediction error 

and was used to choose the best fitted model. The model with the best fit had the lowest AIC 

score. To obtain the model with the lowest score, non-significant main-factors or interactions 

were excluded from the model by backward deletion, providing that removing a specific factor 

resulted in a decrease in AIC score of 2 points or more. This indicated, that if there is a 

decrease of less than 2 points the factor should stay in the model, even though it was not-

significant.  

2.5.5 Correlations 

A scatterplot between the RMSSD of horse and veteran (r2=0.004), and the SDNN of horse 

and veteran (r2=0.014) did not indicate a linear relationship, and therefore the Spearman 

correlation coefficient was used to test for a correlation between HRV of horse and veteran. A 

correlation was considered meaningful when there was a spearman correlation coefficient 

present of 0.50 and higher (Asuero, Sayago & González, 2007). 

2.5.6 Other statistics 

To test whether there were differences in horse behaviour between the three EAI groups, either 

one-way ANOVA (normal distribution) or Kruskal-Wallis (no normal distribution) tests were 

used. Behaviours that were significantly different between the three groups were, 

subsequently, analyzed with a Two independent samples t-test (or Mann-Whitney when 

normality was not assumed) to investigate which exact groups were significantly different. The 

same test was used to look for differences in horse behaviour between rounds. 
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Chapter 3: Results 

This chapter will give more insight in the results of the behavioural and heart rate variability 

data. First, the reliability of behavioural scoring will be discussed, followed by the principal 

component analysis. Thereafter, the results of the decrease in PTSD and whether veterans 

are responsive will be discussed. Moreover, the factors influencing human and horse 

behaviour, the effect of time, and lastly correlations with heart rate variability will be discussed. 

3.1 Principal Component Analysis  

The principal component analysis (PCA) indicated that social behaviours of the veterans (head 

touch, hugging, physical contact, kissing, hitting the horse, and pushing the horse away) could 

be distributed into two components (KMO=0.548, p=0.006): affiliative veteran behaviour and 

aggressive veteran behaviour (Supplement 4a). Veteran non-social behaviour (lip biting, 

scratching, stretching, smiling, self-groom, self-touch, sigh, kicking substrate, hand 

movements and fear response) was divided into 3 components (KMO=0.518, p=<0.001): self-

directed behaviour, other displacement behaviour, and fear behaviour (Supplement 4b ). Lip 

biting, scratching, stretching, and smiling were, by backwards deletion, excluded from the PCA, 

because they did not belong to any component or had a component score lower than 0.5.  

Horse social behaviour (sniffing, nose touch, licking, head rub, nibble, head threat, leg threat, 

allogrooming, push with head and biting) had 4 components (KMO=0.567, p=<0.001): affiliative 

horse behaviour, threats, allogrooming, and aggressive horse behaviour (Supplement 4c). 

Non-social horse behaviour (penis extraction, startle, eye white, pawing, yawn, lip lick, flight 

response, vocalisation, chomping, head up, snorting, tail-swish, self-groom, defecating, head 

shake and blowing) was divided into five components (KMO=0.522, p=<0.001): oral behaviour, 

fear behaviour, agitation, self-directed horse behaviour, and other displacement behaviours 

(Supplement 4d). Via backwards deletion, the behaviours penis extraction, startle, eye white, 

pawing, and blowing were excluded from the PCA. They either did not belong to any 

component or had a component score lower than 0.5.  

3.2 Responsiveness and improvement in PTSD score 

Half of the veterans (52.2%) showed clinical responsiveness (Ó 10-point decrease in PTSD 

score) to the EAI, and approximately a quarter of the veterans showed either mild (26.1%; 5-

12 points decrease) or no responsiveness (21.7%; Ò 5 points decrease)(figure 7). These 

results were analysed over a sample size of 23 veterans. Veteran 2 was excluded from this 

particular analysis, because of missing data. 
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Figure 7. Distribution of responsiveness of the veterans to the Equine Assisted Interventions of the Horse-Power 

project.  

The mean PTSD score decreased with 10.9 points over a time period of 12 weeks, and 

remained stable for the following 12 weeks without EAI (figure 8). The PTSD score appeared 

to be significantly lower in week 12 and remained significantly lower three months after the 

Horse-Power project ended (week 24), compared to week 1 of the Horse-power project 

(p=0.010 and p=0.012 respectively). 

 

Figure 8. Mean PTSD score (and standard deviation), obtained via a PCL5 survey, over a 12-week period and after 

a subsequent period without therapy of 3 months (week 24).  

3.3 Behaviour of veterans 

Some factors were found to influence several behaviour components, including: effect of week, 

effect of round (interacting the first or second round with the horse), effect of horse, and the 

interactions between these factors. The factor responsiveness was also included for the 

percentage of social proximity. The behavioural components that were analysed were: 
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percentage of locomotion, percentage of social proximity, self-directed behaviour, fear, other 

displacement behaviours, affiliative behaviour and aggressive behaviour. 

3.3.1 Locomotion  

Pairwise comparisons with Bonferroni indicated that veterans showed a significant higher 

percentage of locomotion in the first week of EAI (35.9%), compared to the seventh week 

(20.9%; p=0.014) (figure 9). 

 

Figure 9. Mean percentage of locomotion (and standard deviation) shown by the veterans over time.  

 

3.3.2 Social proximity 

Non-responsive veterans engaged significantly more (99.4%) in social proximity in round 2 

(t=2.5 ; p=0.013), than in round 1 (67.5%). Indicating, that round had an effect on social 

proximity that the veterans engage in, but only for non-responsive veterans. Veterans that were 

mildly responsive to the treatment showed a higher amount of social proximity, when 

interacting with specific horses (t=3.2; p=0.011). This was also found for clinically responsive 

veterans(t=3.2; p=0.018). These changes suggests that the amount of social proximity shown 

by the veterans (figure 10) depends on the responder type and the horse they work with. 

However, it should also be kept in mind that horse 4 was replaced by horse 5 in the groups 2 

and 3. 
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Figure 10. Veterans that interacted with horse 1 and horse 2 show significantly a higher percentage of social 
proximity (mean and standard deviation) compared to the veterans that interacted with horse 3.  

 

3.3.3 Physical contact 

The percentage of physical contact, out of the duration of the total interaction time, was higher 

for some of the veterans, but this was dependent on the horse they worked with (F=3.49; 

p=0.01).  

3.3.4 Affiliative behaviour 

Veterans working in the first round with a specific horse showed a significantly lower amount 

of affiliative behaviour, than the veterans working with the same horse in the second round 

(F=8.87; p<0.001).  

3.3.5 Fear  

Dependent on the horse the veterans worked with, some veterans showed more fear than 

other veterans (F=2.40; p=0.05). 

3.3.6 Aggression 

Veterans paired to horse 4 showed a significant higher amount of aggression (N=10.9) when 

interacting with this horse in the first round, compared to their partner-veteran that interacted 

with the same horse in the second round (N=9.6; t=2.46 p=0.015) (figure 11).   
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Figure 11. The amount of aggressiveness per round per horse, which represents the mean (and standard 
deviation) of the veterans paired to each horse.  

 

3.3.7 Self-directed behaviour  

Some veterans, paired to a specific horse, showed in the beginning of the project less self-

directed behaviour, compared to the end of the program (table 2). Self-directed behaviour was 

significantly lower in week 1 (N=10.3) and week 2 (N=10.2), than in week 7 (N=12.4; t=3.7; 

p=0.004) and 11 (N=12.39; t=4.1; p=0.001). However, in week 12 there was also significantly 

less self-directed behaviour (N=10.6), than in week 7 (t=3.1; p=0.027) and 11 (t=3.4; p=0.012).  

The veterans combined to a specific horse showed in general the most self-directed behaviour 

(F=19.09; p<0.001), especially when these veterans worked with the horse in round 1 

compared to round 2 (F=14.88; p<0.001). 

Table 2. Differences in self-directed behaviour between weeks. 

 

 

 

 

 

 

 

 

 

 

3.3.8 Other displacement behaviour 

Veterans showed significantly more displacement behaviour in week 11, compared to other 

weeks (F=4.40; p=0.01). However, the displacement behaviour was only higher in a specific 

Week Significance Direction of interaction (Mean) 

1 - 7 0.004 week 1 (10.271) < week 7 (12.389) 

1 - 11 0.001 week 1 (10.271) < week 11 (12.391) 

2 - 7 0.004 week 2 (10.237) < week 7 (12.389) 

2 - 11 0.001 week 2 (10.237) < week 11 (12.391) 

7 - 12 0.027 week 7 (12.389) > week 12 (10.614) 

11 - 12 0.012 week 11 (12.391) > week 12 (10.614) 



20 
 

week when the veteran was paired to a specific horse (F=2.48; p=0.002). Moreover, some 

veterans working with a specific horse in the first round showed a significantly lower amount 

of displacement behaviour, than those working with the same horse in the second round 

(F=2.73; p=0.023). 

3.4 Behaviour of horses 

Besides the behaviour of the veterans, the behaviour of horses was, as well, analysed for 

influencing factors, including: effect of week and effect of veteran. This was done for 

locomotion, social proximity, affiliative behaviour, allogrooming, aggression, fear, agitation, 

threats, ears pinned back,  oral behaviour, self-directed behaviour and other displacement 

behaviours. 

3.4.1 Locomotion  

In the first week of EAI, a significantly higher percentage of locomotion was found (18.1%), 

compared to 9.9% in the 6th (t=3.1; p=0.037) and 6.9% in the 7th week (t=4.4; p<0.001). In the 

second week of EAI was, as well, a significantly higher percentage of locomotion (15.1%) 

observed than in week 7 (t=3.8; p=0.004).  

3.4.2 Social proximity 

Some horses showed less social proximity than other horses (figure 12), however this was 

influenced by the veteran that was interacting with the horse (F=3.10 ; p<0.001). 

 
Figure 12. The mean percentage (and standard deviation) of social proximity of which the horses engaged in. 

 

3.4.3. Affiliative behaviour  

Some horses showed a higher amount of affiliative behaviour than other horses (table 3), but 

this was dependent on the veteran that was paired to the horse (F=12.27: p<0.001). 



21 
 

3.4.4 Allogrooming 

Allogrooming (table 3) was shown significantly more by some of the horses, but this was 

dependent on the veteran they working with (F=6.89; p<0.001). Especially horse 1 was variable 

in the amount of allogrooming behaviour (Supplement 5) 

Table 3. The relationship between week and veteran for the frequency of affiliative behaviour shown by the horse. 

Horse Paired to Veteran 
 

N 

Frequency of affiliative 
behaviour 

N 

Frequency of 
allogrooming behaviour 

N 

Horse 1 1 10.6 11.4 

2 9.9 11.4 

9 10.0 12.0 

10 9.7 10.7 

17 9.6 10.2 

18 9.5 10.0 

Horse 2 3 10.1 9.1 

4 9.6 9.9 

11 9.4 9.6 

12 9.3 9.8 

19 9.4 9.7 

20 9.4 9.8 

Horse 3 5 9.8 9.9 

6 9.8 9.9 

13 9.5 9.6 

14 9.4 9.8 

21 9.2 9.6 

22 9.3 9.6 

Horse 4 7 9.9 9.8 

8 10.0 9.9 

Horse 5 15 10.7 8.9 

16 11.6 8.8 

23 11.9 10.1 

24 12.1 10.1 

 

3.4.5 Aggression 

Some horses showed a higher amount of aggression than other horses. Especially horse 4 

was variable in the amount of aggressive behaviour (figure 13), but this was dependent of the 

veteran the horse worked with. (F=3.55; p<0.001). 
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Figure 13. The mean amount (N) and standard deviation of aggression shown by the horses towards the 
veterans.  

 

3.4.6 Fear 

Horse 3 showed more fearfulness, compared to other horses, but this was dependent on the 

veteran the horse interacted with (F=1.69; p<0.04). 

3.4.7 Agitation 

Horse 3 was more agitated than other horses, but this was dependent on the veteran the horse 

was paired to (F=4.36; p<0.001).  

3.4.8 Threats 

Some horses were more threathening to the veteran they worked with than other horses, 

however this was dependent on the veteran the horse interacted with (F=9.002; p<0.001).  

3.4.9 Ears pinned back  

Horse 3 had more than half of the interaction time its ears turned backwards (51.1%), when 

paired to a specific veteran (table 4). Depending on the veteran that was working with the 

horse, it had its ears a higher percentage of the time turned backwards than other horses 

(F=3.38; p<0.001).  
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Table 4. The percentage of time (corrected for total duration of interaction and time out of sight) that the ears were 
turned backwards, when the horses were paired to specific veterans. 
 

Horse Paired to Veteran 
 

N 

Time Ears pinned 
backwards 
Mean % 

Horse 1 1 20.9 

2 28.6 

9 38.5 

10 36.7 

17 14.2 

18 20.3 

Horse 2 3 45.9 

4 36.2 

11 28.7 

12 34.5 

19 24.4 

20 22.0 

Horse 3 5 26.5 

6 38.6 

13 51.1 

14 40.6 

21 38.0 

22 32.2 

Horse 4 7 28.4 

8 21.8 

Horse 5 15 15.7 

16 19.4 

23 24.7 

24 13.2 

 

3.4.10 Oral behaviour 

Some horses showed more oral behaviour, than other horses, but this was dependent on the 

veteran they were interacting with (F=4.14; p<0.001). 

3.4.11 Self-directed behaviour 

There was a decrease in self-directed behaviour in horses over a 12-week period (figure 14). 

Self-directed behaviour was highest in week 1 (N=10.6) compared to week 6 (N=9.6; t=3.7; 

p=0.004) and 11 (N=9.7; t=3.4; p=0.013). However, this was observed in group 1 and 3, but 

not in group 2. 
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Figure 14. The mean amount (N) and standard deviation of self-directed behaviour, shown over time. 

 

3.4.12 Other displacement behaviour 

It appeared that both veteran and week had no influence on the amount of other displacement 

behaviour shown by the horses. 

3.5 Stress behaviour in horses over time 

There was a significant difference observed in other displacement behaviour in horses over a 

period of 12-weeks EAI, which more specifically decreased between week 1 and the weeks 6 

(Z=-2.52; p=0.006), 7 (Z=-2.70; p=0.003), 11 (Z=-2.72; p=0.003) and 12 (Z=-2.32; p=0.010). 

3.6 Group differences in horse behaviour. 

The percentage of ears pinned back was significantly lower (F=5.45; p=0.005) in group 3 

(23.3%) than in group 1 (30.5%) and 2 (33.1%). The percentage of social proximity (figure 15) 

was higher in group 2 (55.3%; Z=-4.85; p<0.001) and 3 (41.5%; Z=-3.21; p=0.001) than in 

group 1 (37.4%), but group 3 had a significant lower percentage of social proximity than group 

2 (Z=-1.98; p<0.05). Other behaviours were shown less frequent in group 1 (fear: N=54.8, Z=-

2.90, p=0.004; affiliative: N=53.5, Z=-2.45, p=0.014; aggressiveness: N=52.4, Z=-2.06, 

p=0.04; allogrooming: N=53.3, Z=-2.38, p=0.017) than in group 3 (fear: N=38.6; affiliative: 

N=39.8, aggressiveness: N=40.9;  allogrooming: N=40.0). Fear in horses was lower in group 

2 (N=55.0) than in group 3 (N=39.2; Z=-2.84; p=0.005). Overall, it seemed that 

aggressiveness, allogrooming, affiliative behaviour and fear all decreased after 3 groups EAI, 

but that the time of social proximity actually increased.  
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Figure 15. The mean time (%) that the horses spent in social proximity with the veterans increased in general, but 
was highest after the second time of being used for Equine Assisted Interventions. * Horse 4 was not used in group 2 and 

3, therefore only displayed in group 1. 

 

3.7 Heart rate variability  

For the SDNN and RMSSD for both veterans and horses it was investigated whether week 

and group influenced the heart rate variability (HRV). Furthermore, it was analysed whether 

HRV of veterans and horses were correlated.  

3.7.1 Heart rate variability over time 

The SDNN (figure 16a) and RMSSD (figure 16b), for the veterans, are higher in week 2 

(p=0.023 resp. p=0.050), 6 (p=0.009 resp. p=0.027) and 12 (p=0.007 resp. p=0.050) compared 

to week 1, but not for the horses.  

3.7.1.1 SDNN 

The mean SDNN for veterans in week 7 and 11 were higher in contrast with week 1 (resp. 

p=0.036 and p=0.046). The variable group represents the number of times a horse has 

participated in the EAI, and with use of a one-way ANOVA it was analyzed whether there were 

significant differences between groups. The SDNN of the horses were higher during group 1 

(N=74.3) compared to group 2 (N=60.7) and 3 (N=64.8).  

3.7.1.2 RMSSD 

The mean RMSSD for veterans was not significantly different between weeks. However, there 

was a significant difference between groups, which was analyzed using a one-way ANOVA. 

For RMSSD, there was a significant difference between HRV of the horses in group 1 and 

group 2 (p<0.001), namely that the mean RMSSD was significantly lower in group 2 (N=61.3) 

compared to group 1 (N=75.6). 

* 
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Figure 16. SDNN (A) and RMSSD (B) of the horses over a time period of 12-weeks in three different groups. 

 

3.7.2 Correlation between the heart rate variability of horse and veteran  

No correlation was found between either the RMSSD and SDNN of veteran and horse. Thus, 

if the HRV (either RMSSD or SDNN) of veterans increased or decreased, it did not necessarily 

indicate that this was similar for the HRV of horses. 

3.7.3 Effect of horse and round on the HRV of the veterans 

The mean SDNN (figure 17) and RMSSD (figure 18) of the veterans were analysed to find out 

which factors influences the heart rate variability. Veterans working with horse 2 had a 

significant higher SDNN (N=36.3) in round 2, compared to round 1 (N=31.5). As well as horse 

4, which had an SDNN of 50.1 in round 2, compared to a SDNN of 29.0 in round 1. Thus, in 

which round the SDNN is higher, depends on the horse. 

Veterans working with horse 1 had a mean RMSSD of 28.0 in round 1, compared to a mean 

RMSSD of 16.7 in round 2 (p<0.001). Veterans working with horse 5 had a significantly higher 

RMSSD (p=0.026) in round 1 (N=25.2) than the veterans in round 2 (N=17.4). Veterans 

interacting with horse 2 in round 1 had a mean RMSSD of 17.5, which was significantly lower 

(p<0.001) than the RMSSD of veterans interacting with this horse in round 2 (N=28.8). Thus, 

in which round the RMSSD of the veterans is higher depends on the horse. 
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Figure 17. The mean SDNN of all participating veterans over all free interactions in the Horse-Power project. 

 
 
Figure 18. The mean RMSSD of all participating veterans over all free interactions in the Horse-Power project. 

 

3.7.4 Effect of veteran on the HRV of the horses 

Veterans were found to influence the RMSSD and SDNN (both p<0.001) of the horses. Horses 

3 and 5 had significantly a lower RMSDD than horses 1, 2 and 4. Similar results were found 

for the SDNN (figure 19).  
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Figure 19. The mean heart rate variability (RMSSD and SDNN) for horses 1, 2, 3, 4 and 5. 

3.8 Correlation between behaviour and heart rate variability 

HRV (both RMSSD and SDNN) is not correlated with the behaviour of the horse. This was 

shown by Spearman correlations which were al lower than 0.6, and thus indicated either no 

correlations, weak correlations or poor correlations. Likewise, this was found for the HRV and 

behaviour of the veterans. 
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Chapter 4: Discussion 

This research was conducted to investigate the effects of equine-assisted interventions (EAI) 

for military veterans with Post Traumatic Stress Disorder (PTSD)  on the welfare and behaviour 

of the horses involved in the program and the effects on the veteranôs PTSD scores. The aim 

was to show that EAI are helpful in decreasing the PTSD score in (ex) military veterans 

diagnosed with PTSD, which eventually might lead to recognition for EAI and making it more 

accessible for these veterans to participate. Also, based on already existing literature it was 

expected that the PTSD score in veterans would decrease. Moreover, the aim was also to find 

out if working with veterans diagnosed with PTSD caused changes in behaviour and heart rate 

variability in the horses used for the EAI, as not much research was conducted in this area.  

This study has indicated that the Horse-Power project clinically decreased the PTSD score of 

the veterans in the majority of the veterans. The PTSD score of the veterans decreased with 

10.9 points over a period of 12-weeks (PTSD score of 45.9 at start) EAI and remained stable 

for the following three months (PTSD score of 35.0). This was in agreement with previous 

documentation on EAI. A mean PTSD score of 50.7 points was found in a clinical trial (90-

minute group sessions for 8 weeks) with 63 veterans, which were screened positive for PTSD. 

Post-treatment, the PTSD score decreased to 34.6 points and was maintained for the 

subsequent 3-months (Fisher et al., 2021). Another study with veterans experiencing PTSD 

showed, as well, similar results as the current findings. A mean PTSD score of 46.3 was found 

pre-treatment, and 23.1 at the end of the treatment (8 weeks, 90-minute sessions). Likewise, 

after 3 months the PTSD score remained stable (PTSD score of 22.8) (Arnon et al., 2020). 

These similarities between different studies suggests that there is evidence that EAI might 

improve PTSD symptoms in veterans and that the PTSD score remained decreased post-

treatment.  

However, there was still an existing knowledge gap regarding the effects on the horses and 

whether the welfare of the horses is being compromised. Therefore, this study focused 

especially on the effects of EAI on the horses. Engaging in allogrooming enables horses to 

enhance their social bonds and to reduce tension between group members (Feh & de 

Mazieres, 1993), which would lead to decreased heart rate and cortisol levels (Feh & de 

Mazieres, 1993; Mcbride et al., 2004). For example, it appeared that horse 1 showed 

significantly more allogrooming behaviour with specific veterans. Horse 1 engaged also in 

higher amounts of allogrooming than other horses. However, it also has to be kept in mind that 

the other horses did not show this behaviour often, which makes it difficult to draw hard 

conclusions. Future research could include more horses that engage in allogrooming. Also, a 

bigger sample size of horses engaging in allogrooming might be meaningful to the Horse-

Power project, because allogrooming is a major affiliative equine social behaviour (Feist & 
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McCullough, 1976; Spruijt et al., 1992) and therefore might be helpful to reduce tension in  

veterans. Surprisingly, this study showed that veterans working with horse 1, which engaged 

the highest amount in allogrooming, were found to have lower values for heart rate variability 

than veterans working with other horses. Literature suggests that a low heart rate variability 

may indicate a more reduced ANS activity and therefore a lower ability to cope with stress (Kim 

et al., 2017). It may be possible that the low heart rate variability in veterans paired to horse 1, 

indicate a lower ability to cope with stress. Literature suggests that higher amounts of 

allogrooming and social proximity should decrease the cortisol levels, and thus stress, however 

this was not found in the results of this study. Horse 1, itself, was found to have a higher mean 

heart rate variability than some other horses. Suggesting, that even though veterans paired to 

horse 1 experienced more stress, this did not affect the horse. This was complemented by the 

results that the heart rate variability of horse and veteran were not correlated. Thus, if veterans 

have a low heart rate variability, it does not necessarily mean that horses also have a low heart 

rate variability. Moreover, allogrooming was a behaviour initiated by the horse, and therefore 

might be more rewarding to the horse than to veterans. Another reason could be that, because 

allogrooming is usually referred to as ósame-species groomingô (Spruijt et al., 1992), it might 

not have the same effect when it is applied to different species. Another reason could be that 

the veterans choosing horse 1 had less experience with horses and might be more anxious to 

work with horses, resulting in a lower heart rate variability. Moreover, horse 1 was a smaller 

horse and easier to approach, and therefore might seem more accessible and less scary to 

these veterans. This could also be the reason that horse 1 engaged more in allogrooming, 

because one of the functions of allogrooming is to reduce tension (Dunbar, 2010; Russel & 

Phelps, 2013). In contrary, veterans with more equine experience were more likely to choose 

horse 5, which appeared to have significantly the lowest values for heart rate variability 

compared to all other horses. A reason could be that humans with more horse experience 

would ask more difficult tasks of their horse, which may temporarily decrease the horsesô heart 

rate variability. For example, horse 5 was asked to run in circles around one of the veterans 

(Supplement 6e). This led to a higher activity level of 46.6% locomotion and a RMSSD of 16.7 

(Supplement 6e), which is lower compared to the heart rate variability in the other weeks or 

with other veterans (Supplement 6). The task might have been more difficult and a higher 

activity level could also lead to a reduced heart rate variability. A former study suggested, that 

horses with advanced riders experienced more stress than horses that were included in a 

therapeutic riding program. This was attributed to advanced riders being more likely to ask 

difficult skills, multiple rapid gait changes and changes in directions of their horse, which might 

elicit stress and frustration in horses when they had to learn new tasks. In contrary, the horses 

that were included in the therapeutic riding program were rarely asked to change gate or 

direction (Kaiser et al., 2006). This complemented the observed activities. 
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Results indicate that veterans seemed to have an effect on the heart rate variability of the 

horse (both RMSSD and SDNN). Some horses had in general higher mean values for heart 

rate variability compared to other horses. However, it was not known if other external factors, 

such as individual characteristics, influenced the heart rate variability of these horses. For 

example, in humans it was found that several characteristics (such as openness, aggression, 

avoidant attachment, and forgiveness) were found to relate to having a low or high heart rate 

variability activity (Zohar et al., 2013). Perhaps, also some characteristics in horses influence 

the heart rate variability. Heart rate variability can also be lower due to activity level. Some 

horses had a lower heart rate variability than other horses, especially horse 3. This was 

complemented by the behaviours shown, as this horse showed significantly a higher amount 

of fear, threats, aggressive behaviour and had its ears a higher percentage of the time pinned 

backwards. Even though that these results are in agreement, no correlation was found 

between heart rate variability and any of the behaviours of the horses. A possible reason for 

the fact that no strong correlations were found, could be that heart rate variability was 

measured as a mean over a time period of 20 minutes, whereas behaviour was measured as 

an event over 20 minutes. Meaning, that if a horse would bite a veteran, the heart rate variability 

of both could decrease. However, if in the rest of the interaction time no special events 

occurred and both veteran and horse are calm, the moment of decrease in heart rate variability 

would probably not show in the mean heart rate variability. Another reason could be that the 

heart rate variability was low because the horse was coping with the stress it was experiencing. 

Horses often engage in behaviours such as avoidance and aggression as result to 

inconsistency, agitation and arousal, which might signal an attack (Wharton et al., 2019). The 

horse is a prey animal, and is therefore sensitive to their environment, including humans 

(Wharton et al., 2019). Some veterans showed a significantly higher amount of fear and 

aggression, when paired to a specific horse than veterans working with other horses. 

Therefore, the aggressive and threatening behaviour shown by that horse, may have possibly 

been the horse giving feedback to the veterans that it felt endangered. In one way this enabled 

the horse to protect its own welfare, and on the other side it might gave the veterans self-

awareness in how their behaviour is perceived by the horse (Marchand et al., 2021), or might 

be perceived in everyday life by other people. Some horses showed more aggressive 

interactions towards a specific veteran, than towards other veterans they interacted with. This 

might show that a specific veteran can influence the behaviour of the horse.  

The question still remains whether the stress that the horse experienced can be harmful to the 

welfare of the horse. In the introduction it was mentioned that it required chronic stress for 

drastic changes in the horsesô behaviour, indicating that stress should be present over an 

extended period of time. A decrease in locomotion, self-directed behaviour, and other 
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displacement behaviour was found over the weeks. Moreover, a group-difference was found. 

Possibly, this could mean that after participating in multiple Horse-Power groups changes in 

horse behaviour can occur. However, also other factors could cause these changes, such as 

composition of the groups, as each group is composed of new veterans. Behaviours that 

changed significantly between the three Horse-Power groups were the percentage of the time 

that the ears of the horses were turned backwards, the time the horses spent in social 

proximity, the amount of aggressiveness, fear, allogrooming and affiliative behaviour. Social 

proximity was higher in group 2 than in group 1, but lower again in group 3 than in group 2. 

Still, the percentage of social proximity remained the third time higher than the first time. Group 

differences may be explained by the fact that group 1 was the pilot group of the Horse-Power 

project, and in the following groups there might have been more emphasize on making contact 

with the horses in the instruction towards the veterans. This could have led to less social 

proximity, than in other groups where the goal of the program was more clearly defined. Only 

three groups have been analysed, therefore it could still be coincidental that a decrease was 

observed. If more groups are analysed and engagement in social proximity continues to be 

lower in each subsequent group, it might suggest that the horse avoids contact with the 

veterans, which may be a signal that the horse feels agitated (Wharton, 2019).  For now some 

changes in behaviour over time were observed, however, the changes were not that 

consistent. More research should be conducted to investigate if there will be more permanent 

changes in the behaviour of these horses.  

A limitation of the study was the sample size of the horses. This research included five horses 

in total. This was a small sample size and also led to the fact that only two factors could be 

included in the (Generalized) Linear Mixed models. Including an interaction between these 

main-factors also led to an error in the analysis, because it resulted in the presence of more 

factors than individuals. Therefore, the choice was made to exclude interactions from the horse 

behaviour models, which is unfortunate as including interactions might have led to a valuable 

effect. However, still six more groups have to be analyzed, and it would be advised to use as 

many different horses as possible to increase the sample size. Besides a small sample size, 

there were also difficulties with the analysis of the oxytocin and cortisol samples. Due to 

technical issues the samples were not yet analyzed. Oxytocin and cortisol samples would be 

valuable to substantiate the behavioural observations. Some veterans missed sessions due to 

sickness, corona infection, vacations or other personal reasons, which led to missing values. 

Besides that, it could be possible that missing an EAI session could influence the progress of 

the veterans. One study with participants that suffered from depression, documented that 

being absent for one or two sessions did not impact the efficacy (Zanão et al., 2014). In this 

research the veterans were also not more than two sessions absent, therefore no effect on 
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progress was expected. Lastly, because there is no control group including humans without a 

PTSD diagnosis, it cannot be determined with certainty that changes in behaviour and PTSD 

score is caused by following the Horse-Power project. To eliminate this possibility, it would be 

advised to add a control group to the research. If there would be only changes in the PTSD 

treatment group, but not in the control group, it may be determined that the changes are an 

effect of the Horse-Power project. 

Chapter 5: Conclusion 

Overall, it can be concluded that the Horse-Power project seems to decrease the PTSD score 

in (ex) military veterans and even causes clinically relevant decreases in the majority of the 

veterans. As for the horses, it appeared that the veterans had some effect on their behaviour 

and heart rate variability, but it is not determined if this elicits permanent changes in the horses. 

Some significant individual changes in behaviour were observed, however, it were not 

consistent changes. Moreover, more groups should be analysed to observe the stress 

behaviours over a more extended period of time, and the sample size of the horses should be 

bigger to be certain that any negative and permanent changes in horse behaviour are present. 

For now, it does not seem that using horses in EAI is that harmful for the horses, which is 

promising for making EAI more accessible for PTSD diagnosed veterans.  
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Supplements 

Supplement 1: Colour combination of horse and veteran 

Each veteran was partnered with a horse for the twelve weeks of Equine Assisted Therapy. In 

each group, two veterans shared one horse. Each horse had a colour with a corresponding 

Android phone for filming the interactions. The combination of veteran, horse and colour is 

displayed in table S1. 

 
Table S1. Combinations of veterans (1 till 24), horses (1 till 5) and colour (orange, blue, red or green), within three 
groups. 

Veteran ID Horse ID Group Colour Code 

1 1 1  

2 1 1  

3 2 1  

4 2 1  

5 3 1  

6 3 1  

7 4 1  

8 4 1  

9 1 2  

10 1 2  

11 2 2  

12 2 2  

13 3 2  

14 3 2  

15 5 2  

16 5 2  

17 1 3  

18 1 3  

19 2 3  

20 2 3  

21 3 3  

22 3 3  

23 5 3  

24 5 3  
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Supplement 2: Ethogram 

All behaviours and interactions were scored with respect to the participating horse and veteran, 

and all behaviours were collected in an ethogram (table S2a-g). Point and bout behaviours 

were only selected when the behaviour happened. A new bout action was scored when there 

was a break of at least 2 seconds in between. Duration behaviours were started when the 

behaviour begins and stopped when the behaviour terminated. Most duration behaviours were 

mutually exclusive, indicating that the selected behaviour automatically ended when a new 

behaviour was started from the same column. ñTail swishingò was an exception, and had a 

start (TS) and a stop code (ts).  

Social interactions were scored with regard to the initiator. For example, when the human 

stretched its hand towards the horse without touching the horse, and the horse started licking, 

only the horse was considered social. But when the human was stroking the horse first and 

subsequently the horse started with licking, the human remained social. For humans, the social 

behaviours ñhead touchò and ñpushing awayò had priority over ñphysical contactò. ñHuggingò 

had priority over both ñhead touchò and ñphysical contactò. 

Only auditory behaviours were scored when it was certain that the sound came from the horse 

or veteran inside the ring, for example when it was clearly visible that the horse inhaled or 

exhaled. Behaviours and interactions involving other horses and people were not scored as 

social interactions, but were scored as ñinteraction subjectò. The observation was continued as 

usual when the horse or veteran stepped out of the ring for less than 1 minute, and was still 

visible on camera. When the horse or veteran was out of sight of the camera, the duration 

behaviours were continued and scored as ñout of sightò. When the veteran stayed out of the 

ring for more than 1 minute before the end time of the tag list, it was scored as ñleaves ringò 

just after the veteran had left the ring. Scoring remained done as usual when the time from the 

tag list already started before the veteran actually entered the ring. 
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Table S2a. Point behaviours which can be used for both horses and humans. 
  

Subject Behaviour Code Definition 

Horse Head shake (p) HO The horse shakes its head, whereby both the neck and the head 
make horizontal or vertical repeated movements for a short 
moment (not directed towards anyone). 

Horse Lip licking (p) LL The horse opens its mouth, thereby shortly extending and 
retracting its tongue (includes licking its lips).  

Horse Chomping (p) CH The horse makes chewing movements with the jaw (without the 
tongue being visible), may include teeth grinding. Not directed to 
food and other objects (which also excludes possible sand). 

Horse Pawing (p) PW The horse (repeatedly) lifts one of its front legs slightly from the 
ground and extends it in a forward direction, followed by backward 
movement of this leg on the ground. This is a bout action. 

Horse Tail swishing (d) TS The horse moves its tail (tail bone, tail hair, or both) intensively, for 
example, swishes it to either one side of its quarters, both quarters 
(repeatedly) or vertically. If there is a break in between tail swishes 
from less than 2 seconds you can continue the behaviour. If the 
break is 2 or more seconds you have to restart the observation. 

Horse Stop tail 
swishing(d) 

ts The horse stops moving its tail intensively.  

Horse Defecating (p) DE The horse excretes faeces by typically moving the tail up to the 
right or left quarter and exposing the anus. 

Horse Urinating (p) UR The horse excretes urine by typically standing quiet, subsequently 
followed by stretching the hind- and front legs (straddle-legged). 

Horse Vocalisation (p) VO The horse neighs (low soft sound) or whinnyôs (starts high pitched 
may end in neigh), vocalizes in another way (excluding ñscreamò, 
ñsnortingò and ñblowingò). Sighing (taking a deep breath) is not 
scored. 

Horse Snorting (p) SN Low pitched sound and loud noise as a consequence of air being 
ex/inhaled through nostrils, sighing not included (as no sound is 
produced). Nostrils may be wide open and the horse may look 
alert. If the sound is more vibrating and when there are small facial 
movements, score blowing. 

Horse Scream (p) SC Loud yelling sound that is high pitched, usually during agonistic 
behaviours. 

Horse Blowing (p) BS The horse breaths with force, producing a low pitched, slightly 
vibrating sound (especially when exhaling). It is usually 
accompanied by small facial movements, such as flapping of the 
nostrils, lips and ears. If the sound is not vibrating, score 
ñsnortingò. 

Horse Eye white (p) EW The horse is showing white around the pupil. 

Horse Yawn (p) YA The horse opens its mouth wide open, usually with a lifted head 
and without ingesting substrate. Do not score ñhead upò when the 
head moves up while yawning. 

Horse Flehmen (p) FL The horse raises its upper lip, usually with an extended neck and 
the head held up high.  Do not score ñhead upò when the head 
moves up while performing ñflehmenò.  

Horse Penis extraction 
(p) 

PX Stallion or gelding extends or lets down its penis. 

Human Fear response (p) FE The human startles, which is characterized by a rapid response 
like a reflex (usually in response to an external stimulus, but this is 
not mandatory). This involves sudden muscle contractions (a 
shock), and may include a shift of attention and a change in 
posture. If the human rapidly moves away (e.g. leaves the ring) in 
response to the stimulus, score ñescapeò. 

Human Scratch (p) SA The human rubs/scratches the body or face with the 
nails/fingertips 

Human Yawn (p) YU The human opens its mouth wide open.  

Human Licking lip (p) LK The human smacks or licks the lips with the tongue. 

Human Lip biting (p) LB The human bits the lips with the teeth. 

Human Eye blink (p) EB The human is extremely often and/ or exaggerated blinking with 
the eye lids. 
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Table S2b. Solitary or social actions (mutually exclusive, exhaustive), which can be used for both horses and 
humans. 

Subject Behaviour Code Definition 

Horse 
and 
Human 

Standing social (d) SS The horse or human is standing within reaching distance (equal or 
less than 0.5 meter distance between any body parts of human and 
horse).  

Horse 
and 
Human 

Walking social (d) WS The horse or human is moving more than one step/pace within 
reaching distance (equal or less than 0.5 meter distance between 
any body parts of human and horse). For the human this means 
that it has to move both legs. For the horse this means that it has 
to move two front legs and/ or hindlegs. If the horse moves two 
diagonal legs this is considered one step. So a third leg has to move 
(since horses often move a diagonal leg to keep its balance). 

Horse 
and 
Human 

Walking together 
loose (d) 

WL The horse and human are moving more than one step (see ñwalking 
socialò) within reaching distance (equal or less than 0.5 meter 
distance between any body parts of human and horse) but without 
being forced/forcing or without rope. 

Horse 
and 
Human 

Walking together 
involuntary (d) 

WI The horse and human are moving together more than one step (see 
ñwalking socialò) within reaching distance (equal or less than 0.5 
meter distance between any body parts of human and horse) but is 
clearly being forced or is clearly forcing (e.g. when moving 
backward) or by using a rope. Holding the head collar is not 
considered physical contact. 

Horse 
and 
Human 

Running social (d) RS The horse or human is trotting within reaching distance (equal or 
less than 0.5 meter distance between any body parts of human and 
horse).  

Horse 
and 
Human 

Standing solitary 
(d) 

SO The horse/human is standing not in reaching distance (more than 
0.5 meter distance between any body parts of human and horse) 
from the other.  

Horse 
and 
Human 

Walking solitary 
(d) 

WO The horse/human is moving  more than one step (see ñwalking 
socialò) not in reaching distance (more than 0.5 meter distance 
between any body parts of human and horse). 

Human Head shake (p) HU The human shakes its head, whereby the head makes repeated  
horizontal or vertical movements for a short moment. Do not score 
communicative yes and no nodding (such as during interaction 
with a subject). 

Human Sigh (p) IG The human emits a long, deep, visible breath (mouth open or rib 
expansion). 

Human Hand movement 
(p) 

HM The human is repeatedly moving its hand without touching 
something and without apparent reason to move the hand. This 
excludes movements to clean the hand (score ñself-grooming 
humanò instead). It includes clipping the fingers and clapping the 
hands repeatedly, and movements directed to the horse (e.g. 
luring or as part of chasing). This behaviour is scored as bout. If 
the person is repeatedly interacting with an object this falls under 
ñinteraction objectò. Usually, communicative gestures during 
interaction with a human subject are not scored. 

Human Smiling (p) SM The human turns up the corners of the mouth and sometimes 
exposes the front teeth. Do also score when the sound of laughter 
is heard. 

Human Crying (p) CR There are tear drops coming out of the eyes of the human. May be 
best visible when the human is wiping the eyes (if so, also score 
ñself-groomingò). Do also score when the sound of crying (e.g. 
sobbing) is heard. 
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Horse 
and 
Human 

Running solitary 
(d) 

RO The horse/human is trotting alone not in reaching distance (more 
than 0.5 meter distance between any body parts of human and 
horse).   

Horse 
and 
Human 

Running together 
loose (d) 

RL The horse/human is trotting/running more than one step within 
reaching distance (equal or less than 0.5 meter distance between 
any body parts of human and horse) but without being 
forced/forcing or without rope.  

Horse 
and 
Human 

Running together 
involuntary (d) 

RI The horse/human is trotting/running more than one step within 
reaching distance (equal or less than 0.5 meter distance between 
any body parts of human and horse) but is being forced/is forcing 
or use a rope/with rope. Holding the head collar is not considered 
physical contact. 

 

Table S2c. Ear posture of the horse (mutually exclusive, exhaustive). 

Subject Behaviour Code Definition 

Horse Ears not back (d) EN The ears of the horse point towards the side or the front of its head.  

Horse Ears pinned back 
(d) 

EP The ears of the horse are pointed to the back of its head.  

Horse Ears not visible (d) EV The ears of the horse are not visible for the observer.  

 

Table S2d. Affiliative and agonistic interactions (mutually exclusive, exhaustive). 

Subject Behaviour Code Definition 

Horse No social horse (d) NO The horse does not show social affiliative or agonistic duration 
behaviours, or no non-social duration behaviours from this category 
(e.g. ñflight responseò). 

Horse Self-grooming 
horse (d) 

GR The horse is scratching or touching itself on its own body (does not 
include self-biting). 

Horse Sniffing (d) SI The nose of the horse closely approaches the human whereby air 
is in- and exhaled through the nose. Usually you see the nostrils 
widening and/or an extended head. When the horse is sniffing an 
object (including surface), score ñinteraction objectò. 

Horse Licking (d) LI The tongue of the horse touches parts of the human, e.g. clothes or 
hands.  

Horse Allogrooming (d) AL The horse is moving the nose and/or teeth back and forth over the 
clothes or skin of the human repeatedly. May include licking and 
nibbling, but without biting (grabbing/holding).  Lip movements at 
the hand of the human can be scored as well. Do not score if the 
horse is grooming another person than the veteran in the session 
(but score ñinteraction subjectò then). When the horse bites with 
grabbing/holding, score ñbitingò. When the horse licks the human 
repeatedly without lip movements and/or nibbles in between, score 
ñlickingò. Scoring this behaviour does not require the human to 
groom the horse too. 

Horse Nose touch (p) NT The horse softly touches the human with its nose without force, so 
the human does not shift position. 
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Horse Leg threat horse 
(p) 

LT The horse is stamping or lifting the front or hindleg towards the 
human.  

Horse Head threat (d) HT The horse firmly moves its head directed towards a human subject, 
eventually with ears backwards and/or pressed against the neck. 
Do also score this behaviour when it is not certain and/or visible 
whether it is a nibble or a bite, but when the horse does approach 
the human with its head while its ears are pointed backwards. If it is 
certainly a nibble or bite, do not score ñhead threatò as well, but 
those behaviours instead. 

Horse Biting (p) BI The horse grabs the human by the skin or clothes with the teeth. 
Usually it includes movement towards the human. 

Horse Flight response (d) FR The horse flees away in an accelerated locomotion from the fear-
inducing stimulus, usually with ears pinned back.  

Horse Startle horse (p) SH The horse rapidly responds like a reflex (usually in response to an 
external stimulus, but this is not mandatory). This involves sudden 
muscle contractions (a shock), and may include a shift of attention 
and a change in posture. If the horse rapidly moves away in 
response to the stimulus, score ñflight responseò. If only the head 
moves up, score ñhead upò, but score ñstartle horseò when there are 
also muscle contractions. Does not include twitching the skin (e.g. 
in response to flies). 

Horse Head up (p) HH The horse throws its head up in accelerated movement with  the 
nose reaching above the back line. Often moving the head over a 
stimulus (e.g. human) or a horizontal movement do not meet these 
criteria. 

Horse Push with head (p) PH The horse pushes the human with its head. As a result the human 
shifts body position. Do not score when the human is out of balance 
due to other undirected movements or head rubs. 

Horse Head rub (d) HR The horse moves its head (repeatedly) against the human.  

Horse Nibble (p) NI The horse moves its head toward the human with open mouth 
and/or lip movements, but without grabbing and holding. If there is 
physical contact, it lasts for a very short time. Usually it includes 
movement towards the human. If the head moves upwards with 
open mouth and/or lip movements towards the human, score 
ñnibbleò and not ñhead upò. 

Horse Out of sight horse 
(d) 

NV Possible social behaviour is not visible, while in social proximity. 
This is usually scored when the nose is not visible. Do not score 
when, although the horse is not (completely) visible, it is certain that 
the horse is not interacting (e.g. head pointed away from human, or 
no hands of the human where the horse is not visible). 

Human No social human 
(d) 

NU The human does not show social affiliative or agonistic duration 
behaviours, or no non-social duration behaviours from this category 
(e.g. ñhand covering eyeò). 

Human Physical contact 
(d) 

PC The human is touching, stroking or patting the horse with the hands, 
excluding holding the halter, but including leaning against the horse. 
Also, score when it is visible from hand or body movements, 
including information that can be extracted from shadows. Also 
score when the human is leaning against the horse. ñHuggingò, 
ñhead touchò and ñpushing awayò have priority over this behaviour. 
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Human Kissing (p) KI The human touches the horse with the lips. This is not always 
clearly visible, but you can score this behaviour when the face of 
the human makes short contact with the horse. 

Human Hugging (d) HG The human has at least one of its arms around the horse and makes 
contact with the horse with its body as well as its arms. May include 
leaning against the horse. 

Human Head touch (d) HE The human is touching the horse with the head. This is usually a 
position that is maintained for a longer duration of time. ñHuggingò 
has priority over this behaviour. 

Human Brushing (d) BR The human is grooming the horse with a brush. Since the brush is 
mandatory for this interaction it is not needed to score ñinteraction 
objectò.  

Human Stretch (p) SR The human is stretching (e.g. extending and retracting) limbs or 
muscles, sometimes in a repeated pattern. Score this behaviour as 
bout. 

Human Self-grooming 
human (p) 

SG The human is stroking the body (usually the face or hair) with the 
hands or arms, adjusting clothes, glasses, caps, belts, etc., blowing 
the nose, stroking hand against hand, or hand movements intended 
to clean the hand. Score ñinteraction objectò  when the veteran is 
touching its watch (since these may be smart watches). 

Human Self-touching 
human (p) 

ST The human is touching the face, mouth or body with one or two 
hands. Clapping on the body is also included. Positions such as 
crossing arms are not included.  

Human Hand covering eye 
(d) 

HC The human is putting two hands before the eyes. 

Human Escape (d) (ES) The human moves away (e.g. leaves the ring) in response to the 
stimulus, characterized by fastened locomotion and/ or other signs 
of distress (fleeing). 

Human Out of sight (d) OS Possible social behaviour of the human is not visible, while human 
and horse are in social proximity. Do not score when social 
behaviours can be extracted from e.g. arm movements, but do not 
assume behaviours.  Do not score when, although the human is not 
(completely) visible, it is certain that the human is not interacting. 

Human Kicking substrate 
(p) 

KS The human is manipulating the sand with its foot or feet. Score this 
behaviour as bout. 

Human Pushing away (d) PA The human is pushing the horse away from itself. This behaviour 
has priority over any form of physical contact. 

Human Hit (p) HI The human slaps its hands or an object towards or against the 
horse within 1 m distance. 
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Table S2e. Human body posture (mutually exclusive, exhaustive). 

Subject Behaviour Code Definition 

Human Standing up (d) SU The human is in normal standing up posture. 

Human Lower posture (d) LP The human is lowering the body (bowing down) with head down or 
other signals of distress (crying, self-touching, self-grooming) or 
sitting down or squatting, without a clear purpose. The body must 
be lowered with an angle of 45 degrees and/or knees should be 
bended. Looking down or bowing head is not sufficient. Do not 
score when picking things up or pulling the halter of the horse 
(which both have a functional purpose), but do score while in 
physical contact with the horse (as this grooming does not require 
a lower posture per se). 

 
Table S2f. Assignment (mutually exclusive, exhaustive). 

Subject Behaviour Code Definition 

Human No assignment (d) NA Human is not working on the assignment. 

Human Assignment (d) AM Human is working on the assignment. 

 
Table S2g. Other events (mutually exclusive, exhaustive), which can be used for both horse and human. 

Subject Behaviour Code Definition 

Horse 
and 
human 

No events (d) NE There are no other events in the environment. 

Horse 
and 
human 

External stimulus 
(p) 

EX An external visual or auditory stimulus is observed, to which the 
horse or human responds. 

Horse 
and 
human 

Interaction object 
(d) 

IO The horse or human is in interaction with an object or surface 
(touching, sniffing). Lunge line and lead rope are excluded when 
attached to the halter, as well as a brush when the horse is being 
brushed. The veteran leaning against the arena wall and poles is 
also excluded. Interaction with the surface may be characterized by 
open nostrils and ears pointed forward. Do not score when the head 
is held low while walking without sniffing the surface. 

Horse 
and 
human 

Interaction subject 
(d) 

IS The horse or human is interacting with a subject (usually) outside 
the ring (talking to or touching). Other behaviours which involve the 
social interaction with a subject outside the ring (e.g. allogrooming) 
are not scored. Do not score when the horse or veteran is only 
looking at someone outside the ring (you may score ñexternal 
stimulusò). This behaviour has priority over ñinteraction objectò. 

Human Phone call (d) PO The human is holding a phone and talking and listening to it. Do not 
score for the horse. 

Human Leave ring (d) LR The human steps out and stays out of the circle for at least 1 minute 
before the end time of the interaction, which is obtained from the 
tag list. Terminate the observation right after this behaviour is 
scored. Do not score this with regard to the horse. Also, do not 
score when the horse walks out of the ring and it takes more time 
for the veteran to return the horse back in the ring. 
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Supplement 3: Literature research 

Literature research was performed to collect background information about Equine Assisted 

Interventions and stress-behaviour in humans and horses. Besides consulting databases to 

find scientific articles, also the references list of articles was analysed for useful articles. 

DATABASE  ScienceDirect 

SEARCH TERMS Equine AND PTSD 

ARTICLE TYPE Research & Review 

RESULTS  49 

 

DATABASE  PubMed 

SEARCH TERMS Equine therapy PTSD 

ARTICLE TYPE all 

RESULTS  16 

 

DATABASE  Google Scholar 

SEARCH TERMS PTSD AND Equine therapy 

ARTICLE TYPE all  

RESULTS  2,820 

 

DATABASE  Google Scholar 

SEARCH TERMS Equine therapy AND cortisol 

ARTICLE TYPE all 

RESULTS  10,500 

 

DATABASE  ScienceDirect 

SEARCH TERMS Equine therapy AND cortisol 

ARTICLE TYPE Research & Review 

RESULTS  695 
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Supplement 4: PCA components 
A principal component analysis (PCA) was used for data reduction. Behaviours were 

grouped into components, if the Kaiser-Meyer-Olkin Measure of Sampling Adequacy (KMO) 

and the significance were acceptable. 

Table S4.Principal component analysis (PCA) for veteran social behaviour (a), veteran non-social behaviour (b), 
horse social behaviour (c) and horse non-social behaviour (d). Kaiser-Meyer-Olkin (KMO) test was used for 
measuring adequacy of data. 

a. 

PCA for social veteran behaviour 

 
KMO 

 
Significance 

Component 1 
Affiliative 
behaviour 

Component 2 
Aggressive 
behaviour 

0.548 0.006 Head touch Hitting 

  Hugging Pushing horse away 

  Physical contact  

  Kissing  

 
b. 

 

 

 

 

c. 

 

 

 

 

 

 
d. 

 

 

 

 

 

 

PCA for non-social veteran behaviour 

 
KMO 

 
Significance 

Component 1 
Self-directed 

behaviour 

Component 2 
Other conflict 

behaviour 

Component 3 
Fear behaviour 

0.518 <0.001 Self-groom Sigh Fear response 

  Self-touch Kick substrate Hand movement 

PCA for social horse behaviour 

 
KMO 

 
Significance 

Component 1 
Affiliative 
behaviour 

Component 2 
Threat 

behaviour 

Component 3 
Allogrooming 

Component 4 
Aggressive 
behaviour 

0.567 <0.001 Sniffing Nibble Allogrooming Push with head 

  Nose touch Head threat  Biting 

  Licking Leg threat   

  Head rub    

PCA for horse non-social behaviour 

KMO Significance Component 1 
Oral 

behaviour  

Component 2 
Horse fear 
behaviour 

Component 3 
Agitation  

Component 4 
Self-directed 

horse behaviour 

Component 5 
Other horse 

conflict behaviour 

0.522 <0.001 Yawn Vocalisation Head up Self-groom Defecating 

  Lip licking Flight response Snorting Tail-swish Head shake 

  Chomping     
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Supplement 5: Variability in allogrooming behaviour 

Allogrooming behaviour was more observed in some of the horses than in others. Especially 

horse 1 engaged most in allogrooming and was most variable in allogrooming behaviour (figure 

S5) 

 

Figure S5. Mean amount (N) and standard deviation (SD) of allogrooming behaviour of the horses in each group. 
Horse 4 was only used in group 1, and horse 5 only in group 2 and 3. 
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Supplement 6: Locomotion and heart rate variability 

The Horse-Power project included 5 horses, that were paired to 24 veterans divided over three 

groups. The horses were analysed for the amount of locomotion and the values for heart rate 

variability (SDNN and RMSSD), during 12-weeks of equine assisted interventions (table S6). 

Table S6a. Amount of locomotion and heart rate variability values for horse 1, when paired to various veterans 
over time. 

Horse 1 

Week 
N 

Veteran 
N 

Locomotion 
% 

SDNN 
N 

RMSSD 
N 

1 1 46.2 77.9 72.6 

2 22.7 76.9 70.6 

9 20.5 90.3 95.6 

10 31.4 81.1 96.0 

17 18.8 75.0 95.1 

18 5.4 80.3 87.6 

2 1 23.9 71.6 64.7 

2 24.9 70.4 61.3 

9 12.4 76.4 68.0 

10 14.3 61.3 66.1 

17 5.9 91.2 94.0 

18 15.1 90.1 89.8 

6 1 4.5 66.0 86.4 

2 3.2 65.9 84.8 

9 1.5 69.5 71.0 

10 13.9 82.9 64.2 

17 12.0 90.2 94.8 

18 17.5 86.8 85.6 

7 1 5.2 85.2 96.0 

2 1.4 73.6 99.9 

9 0.3 57.9 74.2 

10 9.5 69.1 71.5 

17 6.2 67.2 83.6 

18 12.0 90.6 93.5 

11 1 8.3 79.3 86.4 

2 1.5 69.9 79.3 

9 0.4 Missing Missing 

10 2.6 Missing Missing 

17 14.4 76.8 80.5 

18 27.1 67.5 74.9 

12 1 5.3 67.7 86.9 

2 5.3 Missing 83.2 

9 2.3 83.1 97.7 

10 5.5 79.9 95.0 

17 18.5 86.9 95.6 

18 16.7 97.7 87.3 
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Table S6b. Amount of locomotion and heart rate variability values for horse 2, when paired to various veterans 

over time. 

Horse 2 

Week 
N 

Veteran 
N 

Locomotion 
% 

SDNN 
N 

RMSSD 
N 

1 3 16.8 71.1 81.5 

4 19.7 68.6 77.1 

11 29.1 73.7 79.4 

12 23.9 85.1 79.8 

19 22.4 71.5 71.6 

20 14.5 70.8 69.2 

2 3 Missing 70.5 77.8 

4 12.3 85.9 82.8 

11 3.1 83.2 81.5 

12 8.7 79.4 73.7 

19 17.4 72.4 66.9 

20 11.8 76.5 73.1 

6 3 5.2 76.9 81.0 

4 Missing Missing Missing 

11 31.3 78.5 83.9 

12 8.0 72.1 76.8 

19 6.9 71.2 88.0 

20 6.9 71.2 88.0 

7 3 17.7 88.2 87.8 

4 13.1 88.5 94.1 

11 7.3 67.0 73.9 

12 9.3 61.5 68.5 

19 16.9 70.4 79.0 

20 3.1 74.9 81.9 

11 3 24.2 85.1 77.0 

4 7.8 78.0 81.9 

11 13.5 58.1 66.1 

12 14.3 48.7 57.2 

19 22.9 75.3 76.6 

20 12.4 78.3 71.6 

12 3 23.4 87.8 80.8 

4 13.4 77.8 76.0 

11 16.3 92.8 75.8 

12 18.2 87.6 76.7 

19 3.4 85.8 92.4 

20 4.9 78.5 90.0 
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Table S6c. Amount of locomotion and heart rate variability values for horse 3, when paired to various veterans 

over time. 

Horse 3 

Week 
N 

Veteran 
N 

Locomotion 
% 

SDNN 
N 

RMSSD 
N 

1 5 4.6 63.2 61.7 

6 8.3 54.2 59.6 

13 23.8 58.1 54.2 

14 15.3 53.1 58.1 

21 9.0 37.8 35.0 

22 10.4 55.3 38.9 

2 5 9.7 62.1 62.1 

6 9.9 48.0 49.7 

13 22.7 53.7 54.5 

14 9.0 64.8 53.8 

21 23.8 53.6 61.6 

22 14.5 60.5 60.2 

6 5 5.6 60.1 68.5 

6 8.0 57.3 60.6 

13 14.3 57.3 50.7 

14 6.7 51.1 48.9 

21 20.2 67.8 68.3 

22 12.8 60.0 66.0 

7 5 2.6 41.0 96.0 

6 1.9 46.8 57.5 

13 Missing Missing Missing 

14 3.7 58.3 58.7 

21 8.4 49.3 54.1 

22 4.5 54.4 52.8 

11 5 13.5 58.9 59.2 

6 18.5 75.0 58.4 

13 6.4 55.6 55.4 

14 3.7 58.3 58.7 

21 17.6 57.8 58.0 

22 5.5 50.2 59.0 

12 5 18.7 53.7 48.1 

6 18.0 76.2 59.6 

13 7.4 63.7 66.1 

14 13.6 65.1 60.1 

21 Missing Missing Missing 

22 6.7 60.8 69.5 
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Table S6d. Amount of locomotion and heart rate variability values for horse 4, when paired to various veterans 

over time. 

Horse 4 

Week 
N 

Veteran 
N 

Locomotion 
% 

SDNN 
N 

RMSSD 
N 

1 7 Missing 73.2 69.8 

8 24.7 92.0 86.0 

2 7 16.1 84.3 80.9 

8 20.4 92.3 89.9 

6 7 6.2 80.5 75.8 

8 13.0 85.8 75.7 

7 7 16.5 86.6 74.1 

8 5.6 92.9 66.3 

11 7 12.5 93.5 83.1 

8 18.4 85.0 85.4 

12 7 10.6 91.5 77.8 

8 7.6 82.6 76.7 

 
Table S6e. Amount of locomotion and heart rate variability values for horse 5, when paired to various veterans 
over time. 

Horse 5 

Week 
N 

Veteran 
N 

Locomotion 
% 

SDNN 
N 

RMSSD 
N 

1 15 5.6 39.3 37.9 

16 14.2 39.5 31.7 

23 32.8 31.7 31.7 

24 1.8 31.7 31.7 

2 15 10.4 32.9 31.6 

16 9.5 37.5 34.5 

23 18.0 38.7 48.7 

24 9.9 48.0 53.5 

6 15 5.0 32.9 34.5 

16 1.7 37.8 40.4 

23 9.3 41.9 44.5 

24 13.7 46.3 51.5 

7 15 Missing Missing Missing 

16 5.0 47.0 60.2 

23 20.6 46.3 49.9 

24 10.5 47.2 43.7 

11 15 2.8 31.0 36.2 

16 46.6 34.8 16.7 

23 10.2 53.4 66.2 

24 9.0 60.0 74.4 

12 15 3.8 29.6 31.9 

16 24.2 36.4 34.1 

23 6.7 55.0 69.1 

24 15.3 45.4 55.1 

 

 

 


