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Full Summary of Research Project Results and Findings 
As depicted in Figure 1, the crossover design study was completed in three phases, with 9 participants within each group.
[image: ]
Figure 1. Crossover study design. 

During each phase, the same recreational therapists/instructors followed the exact same protocol for groundwork (Figure 2), therapeutic riding (Figure 3), stress management (Figure 4), and control. Groundwork was performed immediately before the therapeutic riding sessions.
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Figure 2. Groundwork protocol.
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Figure 3. Therapeutic riding protocol.
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Figure 4. HeartMath protocol for stress management sessions.

As seen in Figure 5, there was a greater difference (p <.05) pre to post comparison of self-reported stress in the therapeutic riding phase than the stress management phase. 
[image: ]
Figure 5. Mean self-reported stress levels before and after therapeutic riding and stress management sessions. 
Breaking down the questions on the self-report measure, Table 1 indicated the specific questions in which therapeutic riding appears to improve the stress levels of participants better than stress management.
Table 1. Specific questions on self-report stress measure.
	Being touched

	Having a change in environment from comfortable to uncomfortable

	Being prevented from carrying out a ritual

	Receiving criticism

	Having something marked incorrect

	Having to engage in a “not-liked” activity

	Needing to ask for help

	Waiting for reinforcement



As seen in Figure 6, HeartMath mean coherence was higher during the stress management sessions than therapeutic riding sessions. 
[image: ]
Figure 6. Mean Heartmath coherence for therapeutic riding and stress management over 10 sessions.
However, Figure 7 indicates a larger mean difference score from pre to post cortisol values in therapeutic riding versus stress management.
[image: ]
Figure 7. Pre and post session human mean cortisol values
Although there was a greater mean difference in cortisol levels for therapeutic riding (Figure 7),  mean post-session salivary cortisol levels were significantly lower than pre-session levels for both therapeutic riding and stress management (Figure 8, Table 2). 
[image: ]
Figure 8. Mean difference of pre and post session human cortisol levels for therapeutic riding and stress management.
Table 2. T-test to compare pre to post therapeutic riding (TR) salivary cortisol means and stress management (SM) salivary cortisol means 
	Variable
	n
	Pre 10 Week Mean

	Post 10 Week Mean
	Pre 10 Week
Variance
	Post 10 Week
Variance
	T statistic
	P value

	TR
	27
	.17158
	.11717
	.00925
	.00830
	2.1333
	.01881*

	SM
	23
	.15815
	.11562
	.00471
	.00461
	2.1122
	.02018*



When comparing salivary cortisol mean baseline to follow-up for therapeutic riding, Figure 9 indicates that cortisol was reduced during the 30 minutes post awakening in the follow-up samples.

[image: ]
Figure 9. Mean human salivary cortisol for therapeutic riding baseline and follow-up.

As seen in Table 3 and 4, based upon the ANOVA of baseline/follow-up for 3 phases, there is no significant difference in Self-Reported Stress or Parent-Reported Stress for therapeutic riding, stress management, and control.
Table 3. ANOVA on mean differences of self-reported stress for therapeutic riding, stress management, and control.
	Df
	Sum Squares
	Mean Squares
	F-value
	Significance

	2
	.174
	.08694
	.425
	.65



Table 4. ANOVA on mean differences of parent reported stress for therapeutic riding, stress management, and control.
	Df
	Sum Squares
	Mean Squares
	F-value
	Significance

	2
	.0408
	.02038
	.461
	.632



Table 5 indicates that there is a significant difference for coherence between therapeutic riding and stress management. However, there is not a significant difference between therapeutic riding and stress management for cortisol, self-report, or parent-report.
Table 5. MANOVA of coherence, cortisol, self-report stress, parent-report comparing therapeutic riding and stress management.
	Variable
	Df
	Sum Squares
	Mean
Squares
	F-Value
	Significance

	Coherence
	1
	.34417
	.34417
	10.99
	.00184 **

	Cortisol
Difference Pre to Post
	1
	.00465
	.0046513
	1.9086
	.1741

	Self-Report Stress Average Difference
	1
	.0738
	.078343
	.3727
	.5447

	Parent-Report
Average Difference
	1
	.01731
	.017309
	.3637
	.5495



The multivariate analysis of variance of cortisol difference shows a significant difference between therapeutic riding and control in Table 6. There is no significant difference between therapeutic riding and control in the self-report and parent-report measures. No coherence values were taken during control.
Table 6. MANOVA of cortisol difference scores, self-report stress, parent-report on therapeutic riding and control
	Variable
	Df
	Sum Squares
	Mean
Squares
	F-Value
	Significance

	Cortisol
Difference Pre to Post
	2
	.06038
	.0301904
	3.3692
	.04008 *

	Self-Report Stress Mean Difference
	2
	.0785
	.039245
	.1919
	.8258

	Parent-Report
Mean Difference
	2
	.06276
	.031379
	.7407
	.4805



Further analysis will be completed on the equine saliva by comparing it to control data. However, Figure 10 graphs mean salivary cortisol during riding sessions. Inferential statistics will be performed to compare riding sessions with control days. 
[image: ]
Figure 10. Mean horse salivary cortisol before and after therapeutic riding lessons.
A Summary for Posting to HHRF Web Site 
For youth who are transitioning into adulthood with autism spectrum disorder (ASD), elevated stress levels and lack of coping mechanisms (Plessow, Fischer, Kirschbaum, & Goschke, 2011) relating to the core symptoms of autism become barriers to health and wellness (Hong, Bishop-Fitzpatrick, Smith, Greenberg, & Mailick, 2016). Limited research with younger children, ages 5-15, suggests that therapeutic riding (TR) improves gross motor and postural skills (Hawkins, Ryan, Cory, & Donaldson, 2014), spontaneous verbalization (Holm et al., 2014), irritability, hyperactivity, social cognition, and receptive communication skills (Ajzenman, Standeven, & Shurtleff , 2013) as well as quality-of-life (Lanning, Baier, Ivey-Hatz, Krenek, & Tubbs, 2014). A paucity of research exists with regard to young adults (from 14-25) and the impact of TR on emotional regulation or stress level (O’Haire, 2012). 
Methods
	The research question concerns the comparative effectiveness of stress management techniques and Therapeutic Riding (TR) on stress levels of adolescents with ASD. The study compares an evidence-based stress management protocol (HeartMath) to a TR protocol to no treatment control for 27 young adults ages 13-22 with ASD. All interventions were one hour in length for ten consecutive sessions and administered by the same CTRS with a certification appropriate to the intervention (PATH or HeartMath certification). The TR protocol included groundwork prior to riding. The study was a randomized three-period crossover trial in which participants were randomly assigned to the order in which they receive TR, HeartMath, and no treatment control. Before and after each of the three 10 week periods, self-report stress levels and salivary cortisol levels were measured. Cortisol was measured over two consecutive days at four different time points (rising, 30 minutes after, lesson time, and at bedtime). Salivary cortisol levels were also measured before and after each of the intervention sessions. Coherence, an indicator of heart rate variability (HRV) was measured during each session. Outcome variables were analyzed using multivariate analysis of variance with one within-groups factor (time) and between-groups factors (TR vs. HM vs. control).
Results
	Without including the control phase, analysis revealed a greater difference (p <.05) pre to post comparison of self-reported  stress in the therapeutic riding (TR) phase than the HeartMath (HM) phase.  There was a statistically significant difference (p < .05) between the pre and post mean cortisol values for TR sessions as well as for HM sessions. While the mean salivary cortisol difference scores between pre and post TR are greater than the mean difference scores for HM, there is not a statistically significant difference (p = .17) between the two. When comparing salivary cortisol mean baseline to follow-up for TR to control, cortisol was reduced during the 30 minutes post awakening in TR as compared to control. When comparing TR and control, there is a statistically significant difference in cortisol levels (p < .05) (but not self-report or parent-report). Analysis of variance indicates that there is a statistically significant difference (p < .05) in the coherence levels (but not cortisol difference scores, self-report, or parent-report) between HM and TR. HeartMath mean coherence was higher during the HM sessions than TR sessions. 

Discussion and Implications
		While the effect appears to be temporary, therapeutic riding and stress management programs are equally beneficial in decreasing cortisol levels. Stress management programs more effectively influence coherence levels than TR.  However, during stress management sessions, the collection of coherence allowed the participant to visualize their levels, which might provide a biofeedback mechanism. During TR, the participant could not see the device, which did not give them the opportunity to self-regulate coherence based on the device readings. When compared to control, TR was more effective in decreasing cortisol levels, indicating the benefit of TR in decreasing stress.

Final Conclusions and how you feel these findings should inform/influence equine assisted activity practices.
	While it appears to be temporary, therapeutic riding and stress management programs are equally beneficial in decreasing salivary cortisol levels. Therapeutic riding is more effective than control in decreasing cortisol levels. It appears that stress management programs more effectively influence coherence levels.  However, during stress management sessions, the placement of the device to collect coherence levels allowed the participant to visualize their levels, which may provide a biofeedback mechanism during this phase. During TR, the participant could not see the device, which did not give them the opportunity to self-regulate coherence based on the device readings. When compared to control, TR was effective in decreasing cortisol levels, indicating the benefit of TR in decreasing stress.  During TR, horses did not appear to have increased salivary cortisol following lessons, with the exception of the first trotting lessons. Therefore, changes in equine salivary cortisol seem to be impacted by the content of the lesson.

[bookmark: _GoBack]       Adolescents with autism spectrum disorder  (ASD) report high stress and anxiety levels that impact functioning in the community. This particular stress management protocol and therapeutic riding protocol are equally effective in decreasing salivary cortisol. However, in comparing the two phases, the therapeutic riding protocol showed greater changes in cortisol levels than did the stress management program. So which program would be more effective for which youth with autism? One implication is the need of a thorough assessment of the youth’s level of functioning prior to assigning one or the other. Youth on the autism spectrum who are lower functioning in verbal exchange may have more difficulty actively participating in the stress management program than therapeutic riding. Moreover, this stress management program was specifically designed for youth on the spectrum with visuals and hands-on demonstration of techniques. This does not imply that any stress management protocol would be as effective as therapeutic riding for youth with ASD. Finally, therapeutic riding offers additional benefits that stress management (HM) cannot.  For example, TR can also promote proper posture, trunk balance and leg strength to improve posture and gait for community and work tasks. Equine-assisted activities provide sensory input. Moreover, working with a horse that is non-judgmental can promote bonding and social connections.








	
Time line with Explanation of Completed Items and Revisions to Timeline
	Horses and Humans Research Foundation Timeline 
	

	Protocol Steps
	Date
	Responsible Persons
	

	Obtain IRB and IACUC approvals
	1-1-17 to 2-1-17
	Elizabeth Kemeny 
Courtney Gramlich
	Completed

	Recruit Participants 
Orientation of Research Assistants; Training on data collection methods
	2-1-17 to 2-15-17
	Elizabeth Kemeny
Deborah Hutchins
Steffanie Burk
Statistician Consultant
	Completed

	Random selection for order of TR, HeartMath, Control
Pre-tests and baseline measures
	2-15-17 to 2-22-17
	Elizabeth Kemeny;
Deborah Hutchins
	Completed

	TR and HeartMath
Protocols for 10 weeks
	2-23-17 to 4-27-17
	Courtney Gramlich
Deborah Hutchins
Elizabeth Kemeny
	Completed

	Post-tests and measures
	4-27-17 to 5-7-17
	Elizabeth Kemeny
Deborah Hutchins
	Completed

	Preliminary analysis of  Cortisol samples
Data Entry
	5-7-17 to 8-15-17
	Steffanie Burk
Elizabeth Kemeny

	Completed

	Generate initial report of preliminary results-
Submit preliminary results to ATRA and PATH conferences
	8-30-17
9-15-17
	Elizabeth Kemeny
Steffanie Burk

Elizabeth Kemeny
	Completed 4-2018
We submitted preliminary results from Phase 1. 
9-13-18 We reported on Phase 1 at ATRA in poster session.
10-16-18 We reported on Phase 1-3 descriptive statistics at PATH International in oral session.

	Pre-tests and Baseline measures 
	9-1-17 to 9-12-17

	Elizabeth Kemeny
Deborah Hutchins
	Completed

	TR and HeartMath protocols for 10 weeks
	9-12-17 to 11-18-17
	Courtney Gramlich
Elizabeth Kemeny
 
	Completed

	Post-tests and measures
	11-18-17 to 12-5-17
	Elizabeth Kemeny
Deborah Hutchins
	Completed

	Preliminary analysis of cortisol samples
Data Entry
	11-18-17 to 1-25-18
	Steffanie Burk
Elizabeth Kemeny
	Completed

	Generate report 2
Submit proposals for peer-review presentations on preliminary results to PATH and ATRA
	1-25-18 to 4-30-18
	Elizabeth Kemeny
Steffanie Burk
	Completed

	Pre-tests and Baseline measures 
	2-01-18 to 2-12-18
	Elizabeth Kemeny
Deborah Hutchins
	Completed

	TR and HeartMath protocols for 10 weeks
	2-23-18 to 4-27-18
	Courtney Gramlich
Elizabeth Kemeny

	Completed

	Post-tests and Measures
	4-27-18 to 5-4-18
	Elizabeth Kemeny
Deborah Hutchins
	Completed

	Added:  Extension request was granted by HHRF
Extra collection phase for participants who started study at the beginning of phase 2
	5-30-18 to 8-30-18
	Elizabeth Kemeny
	Completed

	Present at ATRA poster session and PATH Intl oral session
	9-13-18 and
10-26-18
	Elizabeth Kemeny
Steffanie Burk
Courtney Gramlich
	Completed

	Prepare proposals for 
IAHAIO
International Society on Autism Research 

	
11-1-18
11-21-18
	
Deborah Hutchins
Elizabeth Kemeny

	Completed

	Analysis phase
	5-4-18 to 7-15-18
Revised:
8-30-18 to 12-20-18
	Steffanie Burk
Dil Singabahu, Statistician
Elizabeth Kemeny
	Completed
We plan to continue to analyze the data based on specific needs for figures and tables for publication.
Dr. Burk will be working on comparing the equine saliva during riding and rest at same time periods in January.

	Final Report
	10-31-18 to 12-31-18
	All collaborators
	Completed

	Further Dissemination
Animal Behavior Management Alliance Conference
Equine Science Society
Manuscript for Journal of Autism and Developmental Disorders
	1-1-19 to 12-31-19
	All collaborators
	To be completed in future.





Summary of Challenges and How Addressed
First, early on, we learned that some of the participants were not able to provide saliva using the tubes. Instead we had to substitute a swab collector which was inserted in their mouth to absorb saliva. This swab was then inserted into a tube and frozen. We were able to correct the problem quickly with minimal issues.
The collection of the human saliva, especially the baseline and follow-up two day collection, required more research assistant time than originally planned. Since the participants had to complete the two day collection (four times a day) at home, we had to send research assistants with coolers to pick up the frozen saliva and deliver it back to the central freezer. This was more time intensive than expected. In order to collect the human and horse saliva in a way that did not create anxiety for either horse or human, we needed more research assistants to collect data simultaneously. By adding more research assistants who could collect simultaneously, we were able to avoid creating more stress by making participants wait for saliva collection.
We had two participants who consented to do the study, completed the control, but did not participate in any intervention sessions. We had one participant who participated in part of the study, but he was unable to complete the interventions due to transportation concerns. We recruited five new participants who started in phase two of the study. These participants were randomly assigned to stress management or therapeutic riding and completed their control phase in the summer of 2018. 
Budget (Actual Expenditures vs. Budget)
As shown in the spreadsheet, the entire project actually cost 6% less than anticipated. At mid-term, we received approval to move $3000 from permanent equipment costs to provide more funding for research assistants. As explained above, the baseline and follow-up saliva collection from parents was more labor intensive than expected. The costs for the therapeutic riding and the HeartMath consultant were over budget by 5%. We had to provide additional sessions than expected due to participants’ schedules. During phase two, we had to complete two horseback riding sessions from 4:30-5:30 PM and 6:00-7:00 PM in order to accommodate the participants’ schedules and transportation. These additional sessions resulted in more cost in this area.

	Budget Item
	
	Budget
	
	Actual
	
	Difference
	
	Percent 

	Personnel
	
	
	
	
	
	
	
	

	    Total Personnel
	
	 11,422.92 
	
	 10,598.99 
	
	 823.93 
	
	7%

	
	
	
	
	
	
	
	
	

	Permanent Equipment
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	    Total Permanent Equipment
	
	 16,449.00 
	
	 15,000.03 
	
	 1,448.97 
	
	9%

	
	
	
	
	
	
	
	
	

	Consumable Supplies
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	    Total Consumable Supplies
	
	 28,794.52 
	
	 25,821.13 
	
	 2,973.39 
	
	10%

	
	
	
	
	
	
	
	
	

	Consultant Costs
	
	
	
	
	
	
	
	

	  Subaward to Otterbein University
	
	 7,844.00 
	
	 7,844.00 
	
	 -   
	
	0%

	  Statistician
	
	 1,000.00 
	
	 1,000.00 
	
	 -   
	
	0%

	  Therapeutic Riding Instruction
	
	 12,000.00 
	
	 12,600.00 
	
	 (600.00)
	
	-5%

	  Heart Math Instruction
	
	 5,400.00 
	
	 5,670.00 
	
	 (270.00)
	
	-5%

	
	
	
	
	
	
	
	
	

	    Total Consultant Costs
	
	 26,244.00 
	
	 26,958.00 
	
	 (714.02)
	
	-3%

	
	
	
	
	
	
	
	
	

	Travel
	
	
	
	
	
	
	
	

	  Travel of work groups
	
	 648.00 
	
	 634.44 
	
	13.56 
	
	

	
	
	
	
	
	
	
	
	

	    Total Travel
	
	 648.00 
	
	634.44 
	
	 13.56 
	
	1%

	
	
	
	
	
	
	
	
	

	Client Related Expenses
	
	
	
	
	
	
	
	

	  Client Incentives
	
	 4,500.00 
	
	 3,700.00 
	
	 800.00 
	
	18%

	
	
	
	
	
	
	
	
	

	    Total Client Incentives
	
	 4,500.00 
	
	 3,700.00 
	
	 800.00 
	
	18%

	
	
	
	
	
	
	
	
	

	Total Grant
	
	 88,058.44 
	
	 82,712.61 
	
	 5,345.83 
	
	6%





Dissemination Plans (publication and presentations)

	Betsy Kemeny, Steffanie Burk, and Courtney Gramlich presented the process and preliminary results of the research at the American Therapeutic Recreation Association (ATRA) in a research poster session in September 2018 and the PATH International conference in Orlando, Florida on October 26, 2018.  The research poster won “Best Poster” award at the ATRA conference. The PATH International oral presentation was well attended and received. We have submitted proposals to the International Association of Human and Animal Interactions (IAHAIO) in April 2018 and the International Society of Autism Research in May 2018. 

In early 2019, we plan to submit an oral research institute presentation to the American Therapeutic Research Institute for September 2019 in Reno, Nevada. In addition, in early 2019, we will submit a proposal to the Animal Behavior Management Alliance Conference and Equine Science Society focused on the horse data. The plan is to produce a manuscript to be submitted to the Journal of Autism and Developmental Disorders by summer 2019.


Attachments

1. Final Invoice
2. Photos and photo releases signed by parents


 
image2.emf



 Facilitated by Certified HeartMath Coach with CTRS 



GROUNDWORK PROTOCOL 
1 Basic Grooming 



2 Halter cleaning, Comb out mane and tail 



3 Cold weather bath 



4 Spray Condition, show grooming 



5 Clipping, make a horse pizza 



6 Quick bath with partners 



7 Scavenger hunt game 



8 Full bath, shedding 



9 Make your own fly spray 



10 Horse Painting 










 Facilitated by Certified HeartMath Coach with CTRS 

GROUNDWORK PROTOCOL 

1  Basic Grooming 

2  Halter cleaning, Comb out mane and tail 

3  Cold weather bath 

4  Spray Condition, show grooming 

5  Clipping, make a horse pizza 

6  Quick bath with partners 

7  Scavenger hunt game 

8  Full bath, shedding 

9  Make your own fly spray 

10  Horse Painting 
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PATH Instructor with CTRS 



 



THERAPEUTIC RIDING PROTOCOL 
 



1 Body posture and alignment, halting, Walk-halt-walk-transitions  



2 Basic steering: weaving cones using direct rein, 2 pt. at the halt, Back up. 



3 Trotting, basic steering: weaving cones using neck rein, Walk 2pt over poles 



4 Walk-trot-walk transitions, changes in direction, Steering: wide spread cones 
using direct reining and neck reining 



5 2 pt. at trot, trotting through corners, walk through obstacle course 



6 2 pt. walk, steering, walk/trot large pattern, figure 8 serpentine, steering 



7 No stirrup riding (walking/steering), Trot 20 meter circle 



8 Independence at the trot, walking lateral movements, leg yield 



9 Independent riding skills; Collected/extended trot 



10 Independent riding skills, mock horse show 










PATH Instructor with CTRS 

 

THERAPEUTIC RIDING PROTOCOL 

 

1  Body posture and alignment, halting, Walk-halt-walk-transitions  

2  Basic steering: weaving cones using direct rein, 2 pt. at the halt, Back up. 

3  Trotting, basic steering: weaving cones using neck rein, Walk 2pt over poles 

4  Walk-trot-walk transitions, changes in direction, Steering: wide spread cones 

using direct reining and neck reining 

5  2 pt. at trot, trotting through corners, walk through obstacle course 

6  2 pt. walk, steering, walk/trot large pattern, figure 8 serpentine, steering 

7  No stirrup riding (walking/steering), Trot 20 meter circle 

8  Independence at the trot, walking lateral movements, leg yield 

9  Independent riding skills; Collected/extended trot 

10  Independent riding skills, mock horse show 
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 Facilitated by Certified HeartMath Coach with CTRS 



 HEART MATH PROTOCOL 
1 Heart Focused Breathing 



2 Quick Coherence Technique 1 



3 Quick Coherence Technique II 



4 Identifying Positive or Negative Emotions 
 



5 Inner Ease Technique 
 



6 Inner Ease Technique II 



7 Freeze Frame Technique 



8 Inner Ease Technique III 



9 Heart Lock In 



10 Review of  all Techniques 










 Facilitated by Certified HeartMath Coach with CTRS 

 

HEART MATH PROTOCOL 

1  Heart Focused Breathing 

2  Quick Coherence Technique 1 

3  Quick Coherence Technique II 

4  Identifying Positive or Negative Emotions 

 

5  Inner Ease Technique 

 

6  Inner Ease Technique II 

7  Freeze Frame Technique 

8  Inner Ease Technique III 

9  Heart Lock In 

10  Review of all Techniques 
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Mean cortisol level change is numerically greater for TR compared to SM  
except week 5. 
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