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Abstract 
Introduction: Roughly 10% - 30% of the United States’ population is known 
to suffer from some form of anxiety. The majority of those who struggle with 
anxiety have their first experience before 21.5 years of age, which falls within 
the age range of many college students. Since stress and anxiety can lead to 
difficulty with concentrating and memory, they can have significant effects on 
a student’s academic performance and success. One method of reducing 
stress and anxiety prior to high-stakes examinations is animal-assisted inter-
ventions (AAI). Methods: 39 graduate level students (12 males, 27 females) 
consented to participate in this study. Physiological stress levels were meas-
ured by gathering heart rate and blood pressure, and anxiety was measured 
using the State-Trait Anxiety Inventory (STAI). Baseline measurements were 
taken at times during the semester when students did not have exams in the 
near future. Measurements were repeated immediately before a practical ex-
amination following either an interaction with a registered therapy dog (ex-
perimental) or quiet time studying (control group). Results: A significant 
difference was observed on exam day between the control group and the ex-
perimental group on state anxiety (P = 0.008). No significant effects of the 
therapy dog were observed for heart rate, systolic blood pressure, or diastolic 
blood pressure (P > 0.05). Discussion and Conclusion: The results of this 
study indicate that interactions with a registered therapy dog may assist in 
reducing the anxiety of graduate students prior to a practical examination. 
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Blood Pressure, Heart Rate, State-Trait Anxiety Inventory 

 

1. Introduction 

The prevalence of anxiety in the general population of the United States is noted 
to be 10% - 30% [1], and of those individuals, 75% of them reported their first 
experience with anxiety before 21.5 years of age [2]. Given that the average age 
of onset for anxiety-related issues falls at a time when individuals may be pur-
suing a college or graduate-level degree, it is important to look for ways to help 
students manage their stress and anxiety [2] to assist in their ability to concen-
trate and recall information [1]. The terms stress and anxiety are commonly 
used interchangeably when they are different by definition, so it is important to 
understand each. Anxiety is defined as a “personality component involving cog-
nitive, emotional, behavioral, and bodily reactions.” [3]. One form of anxiety 
which many college students struggle with is test anxiety. Individuals with test 
anxiety may experience feelings of apprehension, panic, and thoughts of poten-
tial academic failure prior to or during an exam situation, which may lead to 
negative performance by deterring their mind from the task at hand [4]. Physio-
logical stress on the other hand, refers to processes occurring within the body in 
response to an outside source that initiates a state of a real or perceived threat to 
homeostasis [4]. These threats activate the endocrine, nervous, and immune 
systems, which allow stress levels to be measured objectively [4]. Physiological 
markers of stress can be assessed by measuring salivary cortisol levels, neuro-
hormone levels, and respiratory sinus arrhythmia, as well as heart rate and blood 
pressure [5] [6]. 

According to a study conducted by El-Ghoroury et al., more than 70% of 
graduate students report some type of stressor, which interferes with their op-
timal level of performance in daily life [7]. One of the biggest stressors university 
students undergo is written and practical examinations. Practical examinations 
are often required for many graduate degrees as a measure of a student’s ability 
to perform advanced techniques and interactions through physical and oral 
means. These exams not only require understanding of concepts and informa-
tion recall, they place great focus on the student’s ability to answer questions 
critically and adapt to various situations that mimic their future career practice. 
As students progress to higher levels of education, exams have a greater impact 
on the attainment of a degree, as well as possible employment and scholarship 
opportunities. As a result, anxiety surrounding exams has become more com-
mon and often includes feelings of worry, apprehension, and even panic in re-
gards to the possibility of failure [4]. 

A study conducted by Zhang et al. [8] aimed to determine a relationship be-
tween test anxiety and physiological stress as measured by changes in blood 
pressure and heart rate in sixty-four medical students (20.0 ± 0.1 years old) [8]. 
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In evaluating medical students during an exam review and again during the ex-
am periods, they observed a gradual increase in both blood pressure and heart 
rate from review day to exam day and determined that anxiety was the strongest 
influencing factor on heart rate and blood pressure, even ahead of family history 
of hypertension and smoking [8]. In agreeance with Zhang’s article, one study 
found similar increases in blood pressure and heart rate in chiropractic students 
subjected to a clinical examination [9]. In this study, the chiropractic students 
also reported feelings of test anxiety and multiple physical symptoms, including 
nausea and headache [9]. Interestingly, the authors found that 23.3% of the stu-
dents who experienced these physical symptoms also demonstrated increases in 
heart rate and blood pressure [9]. Further investigation showed that this group 
of students who appeared to be under high distress attained the lowest scores, 
demonstrating a negative relationship between exam stress and performance [9]. 
A study conducted by Zunhammer et al. [10] on college students aimed to ob-
serve the relationship between exam stress, psychological traits, and physical 
ailments with unknown etiology deemed to be somatic [10]. The researchers 
found that students’ physical symptoms increased during exam periods, during 
which state anxiety (measured with the German STAI) and depression (meas-
ured with the German Beck’s Depression Inventory II) were elevated [10]. The 
results indicated that students experienced a significant increase in somatic 
physical symptoms, such as headache, back pain, nausea, etc. during exam pe-
riods in which they were experiencing higher levels of anxiety and depression, 
which could not be accounted for by personality traits or pre-existing health 
conditions [10]. These findings highlight the importance of discovering ways to 
control exam-related stress and anxiety as it can adversely impact not only a 
student’s psychological health, but also their physical health and overall perfor-
mance.  

Although there are many methods to reduce stress and anxiety, interacting 
with animals has become a valuable option when they have been properly 
trained. Therapy animals differ from service animals in that therapy animals are 
not trained in a specific task to accommodate a disability. Rather, therapy ani-
mals are trained and certified to provide affection and comfort to many people 
in different contexts. Animal-assisted interventions (AAI) use therapy animals 
to address factors such as stress and anxiety in the hopes of improving therapeu-
tic gains [11]. When assessing the impact of AAI on adolescents in an inpatient 
facility, Bjick [12] noted that the patients found the animal-assisted intervention 
to be calming, and they felt less threatened by the unfamiliar people and overall 
setting [12]. Barker and Dawson [13] found that AAI had a similar effect on 
hospitalized psychiatric patients [13]. They compared a group of patients in a 
single animal-assisted therapy group session with those same patients in a single 
therapeutic recreation group session and found that anxiety in patients with 
psychotic disorders, mood disorders, and other disorders was significantly lower 
following the animal-assisted therapy group session compared to the normal 
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therapeutic recreation group session [13]. Nepps et al. [14] also looked at the ef-
fects of an animal-assisted activity program on both psychological and physio-
logical variables, including depression, anxiety, blood pressure, pulse, salivary 
cortisol, and pain in hospitalized psychiatric patients [14]. These variables were 
measured in an intervention group, who experienced an animal-assisted activity, 
and in a control group, who watched a stress management DVD. Both groups 
showed a decrease in depression, anxiety, pain, and pulse, which suggests that 
AAI appears to be as effective as other standard stress management interven-
tions [14]. 

As previously mentioned, students are a part of the population who undergo a 
variety of stress-inducing factors, including the pressure of academic work that 
can be intensified during examinations. Several studies have found positive ef-
fects from the use of AAI in college students [15] [16] [17]. One study looked at 
stress levels in first year college students and found that students reported more 
positive feelings and fewer negative emotions after interacting with a therapy 
dog, compared to controls who engaged in low-energy activities like reading or 
listening to music [18]. In another study, students participated in an outreach 
activity where therapy dogs were used on campus as a counseling tool for stu-
dents dealing with the stress of final exams [19]. Nearly 700 students completed 
pre- and post- surveys documenting self-reported stress levels, and the results 
indicated that 92.9% reported less stress after the event [19]. The students made 
comments such as, “Awesome experience and idea to reduce stress”, and made 
requests for additional similar events [19]. These studies support further re-
search into using animal-assisted interventions as a tool for coping with the 
pressures that graduate students experience. 

Given the many benefits noted with animal-assisted interventions on college 
campuses, an interaction with a registered therapy animal may also reduce 
stress and anxiety in graduate-level students who are subjected to higher stan-
dards of performance and success in a practical examination testing format. 
The purpose of this study was to determine whether an interaction with a reg-
istered therapy dog would have a positive effect on the physiological stress 
markers of heart rate and blood pressure, as well as perceived anxiety in grad-
uate-level students prior to a practical examination. It was hypothesized that 
doctoral-level students who underwent a 12-minute animal-assisted interven-
tion prior to a practical examination would demonstrate a reduction in systolic 
blood pressure (SBP), diastolic blood pressure (DBP), heart rate (HR) and 
self-reported anxiety compared to a control group who did not receive an ani-
mal-assisted intervention. 

2. Materials and Methods 
2.1. Subjects 

Researchers presented the details of this study to graduate professional students, 
who were then given the opportunity to take part if interested. Fifty doctoral lev-
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el pharmacy and physical therapy students at Belmont University volunteered to 
participate in the study throughout the fall and spring semesters (Octo-
ber-March). All students read and signed an informed consent prior to baseline 
testing. Exclusion criteria were as follows: fear of dogs, allergy to pet dander, the 
inconsistent use of blood pressure or anxiety medications, and those under 18 
years of age. The study was approved through the Belmont University IRB (Pro-
tocol #151). Participation in this research was voluntary and subjects were free to 
discontinue participation at any time. Three subjects chose to withdraw within 
24 hours of testing day without explanation, and five subjects failed to appear for 
their designated testing slot. Three subjects were excluded from the study due to 
inconsistent use of anxiety medication. A total of 39 participants remained in the 
study. 27 females and 12 males, ranging from 21 - 30 years of age (average age 
24.42) following these exclusions.  

2.2. Baseline Measurements 

Subjects reported for baseline measurements of heart rate (HR), blood pressure 
(BP), and self-reported anxiety on one of several pre-scheduled days and times 
during the semester in which the class did not have an exam in another course. 
They were asked to refrain from any food or drink, with the exception of water, 
for one hour before testing. They completed both the state and trait components 
of the State-Trait Anxiety Inventory (STAI), a brief self-report measure consist-
ing of statements about the individual’s perceived anxiety [20]. Subjects selected 
a number on a scale of 1 to 4 to signify their level of agreeance with each state-
ment both at that specific moment on the state anxiety component and in gener-
al on the trait anxiety component [20]. The scale is as follows: 1 representing 
“Very much so”, 2 representing “Moderately so”, 3 representing “Somewhat”, 
and 4 representing “Not at all”. The scores for each statement were added to-
gether for a total score, ranging from 20 - 80, with a higher score indicating 
greater anxiety [20]. Heart rate and blood pressure were taken using an auto-
matic blood pressure cuff (Omron model BP786N), with the exception of three 
subjects who required a manual reading with a larger cuff (Omron Tru-Gage 
model). 

2.3. Exam Day Measurements 

All participants were asked to report to a designated on-campus classroom 
which was in close proximity to the practical examination location. They arrived 
approximately 35 - 40 minutes prior to their scheduled examination time to en-
sure that each subject had at least ten minutes to sit and relax prior to the inter-
vention in an attempt to limit the effect of physical activity (i.e. walking or 
climbing stairs to get to the designated classroom) on HR and BP. The interven-
tion itself lasted approximately 15 minutes, which included the 12-minute inte-
raction with the therapy animal or quiet study time for the control group and 
additional time for paperwork completion. Each subject completed the interven-
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tion with at least ten minutes to get to the examination site to be certain that the 
intervention itself did not increase the subject’s stress levels by placing them at 
risk of running late for their practical examination. Four local registered therapy 
dog teams were individually assigned to reserved rooms to act as the study’s in-
tervention. The dog teams were registered through Pet Partners, an organization 
dedicated to “improving human health and well-being through the hu-
man-animal bond.” [21]. Pet Partners volunteers receive comprehensive 
coursework and are required to pass an in-person evaluation assessing the 
handler’s proficiency and the animal’s ability to demonstrate appropriate beha-
vior in a variety of settings and scenarios [21]. Subjects were randomly assigned 
to either the control group or the experimental group and were escorted to the 
appropriate room based on their respective assignment. Both rooms were set up 
in order to maximize the student’s comfort level. The experimental room was set 
up so that the subject had the option to sit with the dog either on a mat with 
blankets or in a chair next to the handler. The control room provided the option 
to sit on a mat with blankets or in a chair at a desk. Both groups were informed 
to engage in activities they normally would prior to a practical examination, in-
cluding studying and reviewing exam material, regardless of their group assign-
ment. 

Control subjects were given the opportunity to engage in their normal 
pre-exam routine for 12 minutes. For some participants this meant independent 
studying, while for others it meant relaxing quietly. All control subjects were in-
structed not to engage in conversation with any other occupants in the room 
throughout the intervention.  

Experimental subjects were allowed to interact with the registered therapy dog 
as they pleased, with the exception of active running and playing, which were 
discouraged due to their potential effect on heart rate and blood pressure. Activ-
ities included petting, brushing, holding, and/or talking to the dog. The experi-
mental subjects were informed that they could also engage in their normal 
pre-exam routine, such as quiet studying, while interacting with the therapy dog. 
The therapy dog’s handler was present in the room throughout the entirety of 
the experimental intervention and was instructed to avoid excessive conversa-
tion and interaction with the subject during the intervention. 

Following the 12-minute control and experimental interventions, each sub-
ject’s heart rate and blood pressure were measured prior to the individual 
standing up. Participants then completed the STAI for self-reported anxiety le-
vels prior to exiting in time for their practical examination, all participants were 
given a post-participation questionnaire to provide feedback regarding their ex-
perience. 

3. Statistical Analysis 

Data are presented as mean ± SD (shown in Table 1). IBM SPSS Statistics (ver-
sion 23) was used to perform a two-way mixed analysis of variance (ANOVA). 
This was followed by independent and repeated measures T-tests to analyze 
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simple effects of systolic blood pressure, diastolic blood pressure, heart rate, and 
anxiety as necessary. An independent T-test was performed to analyze trait an-
xiety between the control (no dog) and experimental (dog intervention) groups. 
It should be noted that the study consisted of n = 39 subjects; however due to a 
missing data point for HR (n = 38), and the fact that two subjects did not fully 
complete the STAI (n = 37), the overall n for the analyses below varies due to 
these factors. Significance in all tests was defined as P < 0.05. 

4. Results 
4.1. Systolic Blood Pressure 

A two-way mixed ANOVA revealed a significant main effect across time, in-
creasing from baseline to exam day (P = 0.02, n = 39). An interaction between 
group and time in systolic blood pressure (P = 0.001) was also observed. 
Post-hoc T-tests demonstrated that there was no significant difference between 
the groups at baseline, showing that the groups were homogeneous. A slight de-
crease was observed in the control group from baseline to exam day (124.8 ± 
12.45 mmHg baseline to 122.95 ± 12.42 mmHg exam day, n = 20; Table 1). 
However, the difference was not significant (P = 0.39), which indicates that it 
was likely due to chance. In contrast, there was a significant increase from base-
line to exam day in the experimental group with exposure to the therapy dog in-
tervention (119.00 ± 11.15 mmHg baseline to 129.00 ± 17.00 mmHg exam day, n 
= 19; P = 0.02). However, despite the significant increase seen with the dog in-
tervention, no significant difference was seen between the groups in exam day 
measures (P = 0.21) (see Table 2). This indicates that the dog intervention had 
no significant effect on systolic blood pressure. 

4.2. Diastolic Blood Pressure 

A two-way mixed ANOVA showed a main effect significant increase in diastolic 
blood pressure across time from baseline measures to exam day measures (79.82 
± 9.15 mmHg baseline to 82.87 ± 9.88 mmHg exam day, n = 39; P = 0.02) overall 
when both groups were included. There was no significant main effect between 
groups (P = 0.99) and no significant interaction (P = 0.30). This indicates that 
the control group (n = 20) and the experimental group with the dog intervention 
 

Table 1. Baseline and exam day measurements by group. 

 BASELINE MEASURES EXAM DAY MEASURES 

Treatment 
SBP, mean ± SD, 
mmHgd 

DBP, mean ± SD, 
mmHgd 

HR, mean ± SD, 
bpmd 

STAI, mean ± 
SD 

SBP, mean ± SD, 
mmHgd 

DBP, mean ± 
SD, mmHgd 

HR, mean ± 
SD, bpmd 

STAI, mean 
±SDe 

Control 124.8 ± 12.45a 80.45 ± 8.17a 73.75 ± 12.92a 31.06 ± 9.84c,d 122.95 ± 12.42a 82.25 ± 7.95a 85.6 ± 16.44a 47.39 ± 13.69c, d,e 

Experimental 119 ± 11.15b,d 79.16 ± 10.27b 73.72 ± 11.59c 33.79 ± 9.38b 129 ± 17b,d 83.53 ± 11.77b 86 ± 9.44c 36.74 ± 7.75b,e 

Abbreviations: SBP, Systolic blood pressure; DBP, Diastolic blood pressure; HR, Heart rate; STAI, State Trait Anxiety Index; SD, Standard deviation. an = 20. 
bn = 19. cn = 18. dindicates significance (P < 0.05) across time. eindicates significance (P< .05) between groups. 
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Table 2. P values of exam day comparisons between control and experimental groups. 

Systolic blood pressure P = 0.21a 

Diastolic blood pressure P = 0.69a 

Heart rate P = 0.93a 

State anxiety P = 0.008b,c 

aPost-hoc independent t-test. bPost-hoc Wilcoxon signed ranks test. cIndicates significance. 

 
(n = 19) were not significantly different at either baseline or exam day (refer 
back to Table 1 for mean values). This result was confirmed with a post-hoc in-
dependent T-test between the two groups on exam day, which revealed no signi-
ficance (P = 0.69) (see Table 2). Overall, the dog intervention had no significant 
effect on diastolic blood pressure.  

4.3. Heart Rate 

The two-way mixed ANOVA revealed a significant main effect increase in heart 
rate across both groups from baseline measures to exam day measures (73.74 ± 
12.14 bpm baseline to 85.79 ± 13.4 bpm exam day, n = 38; P < 0.001). No signif-
icant interaction effect was observed (P = 0.92), and there was no significant 
main effect between the control group and the experimental group with the dog 
intervention (P = 0.96). These indicate that the control group (n = 20) and the 
experimental group (n = 18) were not significantly different at either baseline or 
exam day (refer back to Table 1 for mean values). This result was confirmed 
with a post-hoc independent T-test between the two groups on exam day, which 
revealed no significance (P = 0.93) (see Table 2), indicating that the dog inter-
vention had no significant effect on heart rate. 

4.4. Anxiety (STAI) 

An independent T-test examining trait anxiety between the control group (39.67 
± 10.45, n = 18) and the experimental group (41.32 ± 7.50, n = 19) showed no 
significant difference (P = 0.58) between the groups. This revealed that the 
groups were similar in terms of overall trait anxiety and that one group was not 
significantly more anxious than the other prior to the intervention. 

A significant increase in state anxiety levels was observed from baseline meas-
ures to exam day measures (32.46 ± 9.57 to 41.92 ± 12.15 on exam day, n = 37; P 
< 0.001) across all subjects in the two-way mixed ANOVA. In addition, a signif-
icant interaction was seen (P = 0.003). A post-hoc repeated measures T-test re-
vealed a significant difference across time in the control group (31.06 ± 9.84 at 
baseline to 47.39 ± 13.69 on exam day, n = 18; P < 0.001). An independent T-test 
between the control group (n = 18) and the dog intervention experimental group 
(n = 19) showed a significant difference between the two (P = 0.008). The con-
trol group (47.39 ± 13.69) was found to have significantly greater state anxiety 
on exam day than the experimental group (36.74 ± 7.75) (see Table 1). This 
suggests that the dog intervention may have decreased state anxiety on exam 
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day. A graphical representation of control and experimental group measure-
ments on both days can be seen in Figure 1.  

4.5. Qualitative Results 

Subjective responses were also collected via post-participation questionnaires. 
Responses were given using a 1 - 10 rating scale. In addition, space was provided 
for participants to explain further with an open-ended response. Table 3 shows 
that the majority of control group subjects, who did not experience the  
 

Table 3. Post-participation questionnaire of control group (no dog, n = 15). 

 1 2 3 4 5 6 7 8 9 10 

 
Not At 
all 

   Neutral     Significantly 

To what extent do you think that an interaction would 
have decreased your stress level prior to taking an  
examination? 

0% 0% 0% 5% 5% 20% 35% 25% 5% 5% 

To what extent do you think that an interaction would 
have increased your stress level prior to taking an  
examination? 

45% 25% 15% 5% 10% 0% 0% 0% 0% 0% 

To what extent do you feel that an interaction would 
have enhanced your performance on your examination? 

5% 0% 0% 0% 45% 30% 10% 10% 0% 0% 

To what extent do you feel that a Certified Therapy Dog 
in a graduate program would benefit students? 

0% 0% 0% 0% 0% 10% 35% 15% 10% 30% 

 
Table 4. Post-participation questionnaire of experimental group (dog interaction, n = 13 unless specified*). 

 1 2 3 4 5 6 7 8 9 10   

 
Not At 
all 

   Neutral     Significantly Yes No 

To what extent did you find that your  
interaction with a Certified Therapy Dog 
decreased your stress level prior to  
taking an examination? 

0% 0% 0% 0% 5.3% 5.3% 26.3% 26.3% 15.8% 21%   

To what extent did you find that your  
interaction with a Certified Therapy Dog 
increased your stress level prior to  
taking an examination? 

78.9% 5.3% 10.5% 0% 0% 5.3% 0% 0% 0% 0%   

To what extent do you feel that your  
interaction with a Certified Therapy Dog 
enhanced your performance on your  
examination? 

0% 5.3% 0% 5.3% 31.6% 15.8% 26.3% 10.5% 0% 5.3%   

To what extent did you enjoy this experience? 
*(n = 12) 

0% 0% 0% 0% 0% 0% 5.55% 11.1% 22.2% 61.1%   

To what extent do you feel that a Certified 
Therapy Dog in a Graduate program would 
benefit students? *(n = 12) 

0% 0% 0% 0% 0% 5.5% 16.7% 16.7% 27.8% 33.3%   

Based on your experience, would you recommend continued use of a Certified Therapy Dog prior to examination testing? 100% 0% 

Were there any unexpected benefits that you encountered when interacting with a Certified Therapy Dog prior to  
your examination? *(n = 12) 33.3% 66.7% 

Were there any unexpected disadvantages that you encountered when interacting with a Certified Therapy  
Dog prior to your examination? *(n = 12) 0% 100% 
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Figure 1. State Anxiety Level by Group. 
 
registered therapy dog interaction, believed if they had experienced the interac-
tion, it would have decreased their stress levels prior to taking their practical 
examination. On the scale of 1 to 10 (with 1 rated as not at all and 10 rated as 
significantly), 35% of subjects rated the extent that they believed a registered 
therapy dog interaction would have reduced their stress levels at a 7 out of 10. 
Twenty-five percent believed that their stress levels would have reduced at a rat-
ing of 8 on the 1 - 10 scale. 

Subjects in the experimental dog intervention group reported the effect of the 
dog intervention to be even stronger than that predicted by the control group 
subjects, as seen in Table 4. Over 26% of subjects in the experimental group 
rated a decrease in their stress due to the interaction with the registered therapy 
dog at a level of 8 on a scale of 1 to 10, 15.8% rated the decrease in stress at a 9%, 
and 21 reported that the intervention decreased their stress at a level of 10 out of 
10. All of the subjects reported that the intervention decreased their stress levels 
to some extent, and while exam performance was not measured in this study, the 
majority reported that they felt the intervention somewhat enhanced their per-
formance on their practical examination (see Table 4). In addition, 100% of the 
subjects stated that they would recommend the use of a registered therapy dog 
prior to examinations and that an inclusion of a registered therapy dog in their 
graduate program would benefit students.  

5. Discussion 

The purpose of our study was to determine the effects of an animal-assisted in-
tervention on doctoral-level students prior to a practical examination with the 
hypothesis that AAI would reduce their stress and anxiety as measured by SBP, 
DBP, HR and STAI. The results of the study support the hypothesis that an in-
teraction with a registered therapy dog significantly reduces self-reported state 
anxiety. In addition to the significant difference observed on the STAI, subjec-
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tive responses from the participants further supported the idea that the subjects 
viewed the therapy dog as a useful aid to combat anxiety before their practical 
examination. For example, a participant from the experimental group stated on 
the post-intervention questionnaire, “My stress levels typically fluctuate in the 
couple of hours leading up to lab practicals, but being able to interact with the 
therapy dog made those fluctuations level out a bit more leading up to testing. It 
was nice to go into the exam with a calmer attitude than I am usually accus-
tomed to.”  

Despite the positive findings for a reduction in state anxiety, the results of this 
study did not support the hypothesis that an interaction with a therapy dog 
would reduce physiological measures of stress as measured by blood pressure 
and heart rate. Blood pressure is commonly associated with and greatly influ-
enced by a human’s anxiety level [8]. The results from our study showed that 
there was no significant change in SBP of the control group, and there was a sig-
nificant increase in SBP of the experimental group from baseline to exam day. 
Despite this increase, no significant difference was found between groups on 
exam day, leading to the conclusion that the dog intervention did not have a sig-
nificant influence on SBP. Although our hypothesis regarding blood pressure 
was not supported, there have been multiple instances in the literature that may 
explain the SBP increase seen in the experimental group. A study conducted by 
Crump and Derting [18] looked at the effect of animal-assisted therapy in female 
undergraduate freshmen. They found an increase in SBP in the animal-assisted 
therapy group, which they concluded could likely be due in part to an emotional 
response, leading to greater psychological and physiological arousal [18]. Given 
this, it is possible that the increase in SBP observed in the experimental group in 
this study could be explained by the subjects’ emotional response to the dog. It is 
also possible that significance may have been achieved if our study’s intervention 
had lasted longer than 12 minutes, as Marcus et al. [22] reported that BP in 
adults significantly reduced after interacting with a therapy dog, but that the 
changes happened after an average of 15 minutes (within a range of 5 - 24 mi-
nutes) [22]. Regarding DBP, no significant results were noted over time from 
baseline to exam day or between groups, indicating the dog had no significant 
effect on that measure. 

Along with blood pressure, Zhang et al. reported that an increase of heart rate 
is strongly correlated with increased anxiety [8]. Heart rate results in this study 
showed a trend similar to blood pressure in that there were no significant dif-
ferences between groups on exam day. However, a significant increase in HR 
was observed overall from baseline to exam day, demonstrating that both groups 
experienced a fairly equal increase. This is likely a reflection of the natural an-
xiety of all participants on a stressful exam day. While other studies have found 
reductions in HR with animal-assisted interventions [14] [17], Kaminski et al. 
[23] conducted a study in a pediatric hospital setting testing several variables, 
including heart rate, with animal-assisted therapy interventions and found HR 
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to be significantly higher in the animal-assisted therapy group than the child-life 
group, which consisted of open play. The authors noted that the increase in HR 
was most likely due to anticipatory excitement of being with the animals [23]. 
This suggests that similarly to blood pressure, an emotional response, namely 
excitement of being with the therapy dog, could have led to an increase in HR 
rather than a decrease as was predicted. 

One of the most clinically relevant outcomes of the study was the measure of 
anxiety using the STAI. The STAI is a widely used tool for determining 
self-reported anxiety and has well-established reliability, validity, and sensitivity 
for detecting changes in anxiety during periods as short as 10 - 30 minutes [20]. 
In our study, the STAI results provide the greatest support for using AAI prior 
to practical examinations. No difference in trait anxiety was observed, indicating 
that the groups were homogenous, and neither involved a greater number of 
subjects with higher naturally occurring anxiety. State anxiety levels increased in 
all subjects from baseline to exam day, but they only significantly increased in 
the control group. There was also a significant difference between groups on 
exam day, where the control group showed greater state anxiety than the therapy 
dog intervention group, as recorded in Table 1. These findings would suggest 
that the presence of the dog decreased feelings of anxiety in the experimental 
group, further supported by one participant’s subjective response stating, “I was 
feeling very anxious, nervous, and stressed about my upcoming practical before I 
walked in, but Swoosh (registered therapy dog) really helped me relax as I spent 
time petting and playing with him.” In a similar manner, Cole et al. [6] observed 
state anxiety in 76 subjects divided between an animal-assisted therapy group, a 
volunteer group, and a usual-care group [6]. They found a significant reduction 
in state anxiety, as measured with the STAI, from baseline to intervention in the 
animal-assisted group, but not the other groups [6]. 

Numerous past studies have demonstrated the ill effects of high levels of an-
xiety, and, more specifically, test anxiety in students. As Zhang et al. [9] found, 
there is a correlation between higher test anxiety and poorer performance on 
examinations. Furthermore, Zunhammer [10] reported that students experience 
an increase in somatic physical symptoms including headaches, nausea, and loss 
of appetite during periods of increased exam anxiety [10]. Our findings suggest 
that an AAI could be useful in reducing graduate students’ anxiety prior to their 
high-stakes practical examinations. In turn, this could help improve perfor-
mance on said examinations, as supported by the open-ended responses of mul-
tiple subjects in this study. One student stated, “Being able to go into the lab 
practical without as much stress/anxiety definitely made me more level-headed 
during the practical. Even on the one occasion where I initially stated incorrect 
nerve roots, I was able to catch my mistake and correct myself immediately. I 
don’t know if I would have been able to recognize my mistake if I walked in as 
stressed as I was for the first practical.” In addition, an AAI prior to examina-
tions could help reduce somatic symptoms and improve students’ overall 
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well-being. 

5.1. Limitations of This Study 

A major limitation of this study was the small number of subjects, partly due to 
the high percentage of subjects who dropped out or were excluded from data 
analysis (22.0%). The small sample reduces the ability to observe significant dif-
ferences between groups and generalize results to a larger population. More im-
portantly is the fact that a number of participants withdrew from the study or 
did not appear for their designated testing slot on exam day. It is possible that 
they may have been more anxious about the upcoming exam and felt that they 
did not have time to participate in the study. If those who remained in the study 
were not as anxious about the exam, it may have skewed the results. Another li-
mitation involved the four dog therapy teams that interacted with the experi-
mental group. While the teams were instructed not to engage with the subjects 
excessively, there may have been a difference in the amount of interaction pro-
vided from the dog handlers that could have affected the stress and anxiety 
measures of the subjects differently. Finally, although the STAI has been proven 
to be both reliable and valid, it is subjective in nature and remains a limitation. It 
is possible that any bias toward believing that the dog interaction would decrease 
anxiety could have influenced participants’ responses. 

5.2. Future Research Directions 

While our study shows a promising effect of animal-assisted intervention on an-
xiety in graduate students, further research is required in order to support its use 
in professional graduate programs. Future research could examine the option of 
obtaining both baseline and intervention measurements on different examina-
tion days so that any significant difference could be more confidently attributed 
to the presence of the therapy dog. It may also be beneficial to examine the test 
performance of each participant to provide greater information on how stress 
and anxiety may affect student exam scores. Alternatively, future research could 
divide subjects into three groups: a control group, a group with a friendly person 
intervention, and a group with a registered therapy dog and handler team. This 
could examine whether any effects are the result of the interaction with the dog 
or may be due to the handler’s presence. Finally, another aspect that should be 
explored is when the effects of the dog interaction are greatest. Taking mea-
surements at various time intervals during or after the interaction could demon-
strate the most optimal time that anxiety is lowered by interaction with the dog. 

6. Conclusion 

Overall, our results support further research into using animal-assisted interven-
tions to decrease anxiety, and, more specifically, test anxiety in graduate stu-
dents. Examinations are a major causative factor of stress and anxiety in stu-
dents, and they are likely to be more demanding in the graduate school envi-
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ronment. Any negative physiological changes of stress or subjective feelings of 
anxiety could obstruct a student’s performance, misrepresenting knowledge they 
have gained. Poor test performance could ultimately affect their future regarding 
scholarships or job opportunities. Stress and anxiety can be detrimental not only 
to students’ performance during their time in graduate school, but also to their 
health. Therefore, determining methods of reducing anxiety in the graduate stu-
dent population is necessary, and AAI is clearly one option that should be con-
sidered more often. 
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