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Abstract 

 

Feasibility and Preliminary Efficacy of Breathing Interventions on Anxiety  

 

and Dance Performance in Highly Skilled Adolescent Dancers 

 

Anna-Angela Lupinacci 

 

 

Dancers often experience performance anxiety in high-stakes contexts requiring optimal 

performance, such as dance competitions. This study assessed the feasibility of measuring 

performance anxiety and dance performance errors and engaging in a breathing intervention in 

adolescent dancers (N = 11, average age 16.9 years, SD = 1.04) in natural rehearsal and 

competition contexts. The STAI5-S measured behavioral anxiety, and salivary cortisol and alpha 

amylase were utilized as markers of physiological anxiety pre- (20 minutes before performing), 

immediately after, and post-performance (20 minutes after performing). The researcher evaluated 

whether dancers could engage in 2 minutes of breathing interventions 2 times pre- and 3 times 

post-performance during rehearsals and competitions. Feasibility was assessed through semi- 

structured questionnaires and researcher-created surveys. Lastly, the researcher examined the 

effect of competitive conditions on performance anxiety and dance performance as well as the 

preliminary effectiveness of the breathing intervention to reduce anxiety and dance performance 

errors. Results showed that it was feasible to measure performance anxiety, and dancers and 

coaches felt it was possible to engage in breathing interventions before and after performance in 

a natural context. Behavioral anxiety decreased over time, cortisol markedly increased in 

competitions immediately after and post-performance, whereas alpha amylase was significantly 

higher in rehearsals immediately after and post-performance. No associations were found 

between anxiety and performance errors in either rehearsals or competitions. Once the 

intervention was introduced, behavioral anxiety was higher in rehearsals and decreased over 



 

time, but there was no significant intervention effect. There was no intervention effect on cortisol 

levels, which rose substantially in competitions from pre- to immediately after and remained 

elevated post-performance. Salivary alpha amylase was not impacted overall by the intervention, 

however; there was an interaction effect in rehearsals when the intervention occurred such that 

alpha amylase levels were significantly lower post-performance compared to the no-intervention 

condition. Breathwork did not produce any differences in alignment, timing, and spacing errors 

across phases and conditions. Dancers and coaches had favorable feasibility ratings for the 

measurement tools and intervention. It appears as though behavioral anxiety decreases over time, 

and there is a mismatch between reported anxiety and physiological anxiety. Cortisol rises in 

competitions and remains elevated. Alpha amylase is higher in rehearsals compared to 

competitions and is altered post-performance by breathwork. Anxiety does not seem to be 

impacting these highly skilled dancers; however, elevated anxiety is known to be detrimental to 

health and impact career longevity. Therefore, it is important to offer dancers a quick-in-the-

moment tool to help mitigate performance anxiety. 
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Chapter 1: Introduction 

Dance is a universal form of artistic expression that requires technical physical skill, 

complex cognitive and neural processes, creative expression, and a balanced emotional state 

(Bläsing et al., 2012; Miura et al., 2015; Xiao, 2024). The study of dance offers scientists a 

unique opportunity to investigate how our brain integrates movements, sounds, visual 

information, creativity, action selection, and performance characteristics (Karpati et al., 2015; 

Nieuwenhuys & Oudejans, 2017). 

Research shows that skilled dancers who compete require certain physical traits to 

perform complex choreography successfully. In addition, they require passion, self-esteem, and, 

most importantly, effective anxiety management (Walker et al., 2011). Dancers, and especially 

adolescent dancers, often experience anxiety, shaped by personal traits, training context, and 

performance situations. Many young dancers compete in high-stakes events, making it essential 

not only to use their physical abilities but also to manage anxiety and improve cognitive skills, 

such as perception and attention, for learning choreography and performing well in diverse 

contexts. Studies reveal that dancers who are easily excitable and exhibit emotional instability 

struggle more with learning choreography. In contrast, those with a better attention span and 

logical thinking skills tend to master dance movements more effectively (Korobeynikov et al., 

2020). 

Competitive dancers, who are considered high-performing adolescents and young adults, 

are frequently subjected to high-stress environments, often sustain physical injuries at alarming 

rates, and suffer more frequently from acute illnesses attributed to overtraining (Jeffries et al., 

2020; van Die-de Vries et al., 2022). Dancers contend with multiple simultaneous stressors to 

maintain a particular physical aesthetic, which often becomes the basis of their evaluation, and to 
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perform at an optimal level. In fact, stress in the dance profession is commonly referred to as 

dance culture (Junge & Hausechild, 2023). Dance culture has normalized performing while 

injured, body image pressure, training load, and career uncertainty. Furthermore, studies show 

that dancers are more prone to have experienced higher rates of childhood trauma, PTSD, 

anxiety, eating disorders, and other emotional challenges when compared to athletes in other 

sports (Thomson & Jaque, 2023). A recent extensive study comprised of 147 professional ballet, 

contemporary, and revue dancers revealed that 20% of the participants are currently dealing with 

depression, generalized anxiety, and eating disorders (Junge & Hausechild, 2023). 

Dance training generally focuses on refining technical skills but often overlooks 

important performance elements such as context and the dancer’s mental and emotional well-

being. For instance, dancers often experience performance anxiety (Aliberti et al., 2024). 

Performance anxiety (PA) refers to feelings of anxiety in high-stakes, pressure-filled scenarios 

(i.e., high-stakes competitions) where one is expected to perform optimally. It also affects 

individuals during a wide range of everyday activities like public speaking, taking exams, and 

participating in sports (Clegg & Clements, 2024; Studer et al., 2011). The experience of 

performance anxiety varies among individuals due to personality traits, skill level, perceived 

support, appraisals, and coping strategies. PA encompasses cognitive and physical components 

and may be positive or negative, but it always begins with how one perceives or appraises the 

situation. Typically, cognitive components manifest as ruminating negative thoughts; are viewed 

as threatening; and may lead to increased fearfulness, anxiety, and frustration (Clegg & 

Clements, 2024; vonRosenberg, 2019; Walker & Nordin-Bates, 2010). These types of appraisals 

are known to be debilitating and hinder performance. Conversely, physical components of PA, 

such as excitement and increased alertness, may actually facilitate performance and be viewed as 
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having the capacity to overcome obstacles (Clegg & Clements, 2024; vonRosenberg, 2019; 

Walker & Nordin-Bates, 2010). PA is viewed as a transient state, which may occur weeks or 

days before the activity, tends to peak immediately prior to performance, and may potentially 

have lasting effects for hours or even days after the performance concludes (Clegg & Clements, 

2024; Struder et al., 2011). Post-performance dancers experience a gamut of powerful emotions 

ranging from extreme highs and exhilaration to feelings of deep loss, withdrawal, and sadness 

associated with camaraderie disbandment (Clegg & Clements, 2024). Moreover, it is common 

for dancers to experience post-show anxiety related to perfectionism (Clegg & Clements, 2024). 

PA may be debilitating and lead to negative outcomes, such as loss of audition call-backs 

and work opportunities, and potentially cause serious career implications (Stackpole & Quiroga-

Gaza, 2023). In addition, high levels of PA may interfere with focus and the execution of 

movements (Stackpole & Quiroga-Gaza, 2023). Effective interventions are needed to address 

this issue.   

PA has the potential to affect multi-joint movements. Highly skilled musicians 

performing during rehearsal compared to performing before an audience presented with altered 

respiratory functions. In the performance in front of an audience, they presented with respiratory 

variability associated with stress and anxiety, particularly for persons with self-reported high 

anxiety (Guyon et al., 2020). In a study conducted with expert musicians, PA was found to 

decrease synergistic motions between fingers and increase temporal errors, thus degrading fine 

motor control (Kotani & Furuya, 2018). Similarly, in another investigation with skilled 

musicians exposed to laboratory stress conditions, muscle co-contraction (tensing) was observed 

under acute stress (Ioannou et al., 2016). These issues are further exacerbated for individuals 

with anxiety-prone personalities or trait anxiety. This longitudinal study demonstrated that 
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musicians with anxiety-prone personalities developed loss of motor control and involuntary 

muscular contractions (focal dystonia) 10 years earlier than their counterparts. Similar findings 

are evident in adolescent dancers. A study that implemented a 1-year follow-up of highly skilled 

adolescent dancers revealed that all dancers experienced increasing fatigue associated with 

illness, sick time, and work disability, but those dancers with joint hypermobility and anxiety 

had a 55% dropout rate, illustrating the substantial role anxiety has long term on training and 

careers (van Die-de Vries et al., 2022). 

Dance competitions and preparation for competitions constitute stressful contexts. In 

stressful contexts, individuals tend to shift their attention to irrelevant environmental cues 

(something typically ambiguous), which leads them to believe they lack adequate resources  

to cope and, consequently, appraise a situation as a threat (Nieuwenhuys & Oudejans, 2017). 

Identifying a situation as threatening triggers heightened physiological reactions while 

simultaneously inhibiting the ability to engage executive control centers of the prefrontal cortex 

(Nieuwenhuys & Oudejans, 2017). Consequently, when faced with a similar situation again, the 

individual will likely view it as threatening. A possible approach is to disrupt this feedback loop 

(Vine et al., 2016). In fast-paced, unpredictable environments, such as dance competitions, 

techniques that focus attention on performance-related cues, like relaxation or mindfulness, are 

thought to enhance performance effectiveness (Beatty & Janelle, 2020). 

Mind Body Interventions (MBIs) have garnered significant attention as a method to 

manage PA. MBIs aim to improve the physical and psychological well-being of individuals and 

seek to foster a balanced relationship between the body and mind (Xiao, 2024). Some popular 

forms of MBIs include yoga, meditation, biofeedback, mental imagery, and breathwork 

(American Academy of Pediatrics [AAP], 2016). MBIs, once recognized as complementary or 
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alternative care, have become popular mainstream treatments in medicine, even in pediatrics. 

Data show that almost 4% of American youth utilize MBIs, particularly for emotional, 

behavioral health, and pain management (AAP, 2016). A recent meta-analysis concluded MBIs 

were efficacious at reducing trait anxiety, with a small (d = 0.21) to moderate (d = .41) effect 

size in adolescents and children, respectively (Odgers et al., 2020). Moreover, some MBIs appear 

to be associated with sympathetic nervous system regulation, including reducing cortisol, blood 

pressure, and high-frequency heart rate variability, along with other metabolic markers (Pascoe 

et al., 2017). Specifically, within dance, MBIs seek to cultivate a positive mindset and improve 

flexibility, strength, endurance, and posture; refine creative expression; intensify stage presence; 

and attune music sensitivity (Xiao, 2024). Additionally, MBIs promote self-awareness, which 

cultivates an appraisal shift from threats to challenges (vonRosenberg, 2019). 

Breathwork, which is typically a component of many MBIs, is emerging as a standalone 

intervention. Breathwork is broadly defined as regulating the breath with the end goal of 

improving mental, emotional, and physical health (Finchman et al., 2023). In a meta-analysis of 

randomized controlled trials, breathwork was associated to lower levels of stress with small to 

medium effect sizes (d = 0.35). Specifically, slow breathing techniques have been shown to 

promote heart rate variability and respiratory sinus arrhythmia, which positively influences the 

central nervous system (Zaccaro et al., 2018). Furthermore, fMRI studies revealed that slow 

breathing was correlated to increased blood oxygenation levels in cortical areas like the motor 

and supplemental motor cortex and parietal cortex (Zaccaro et al., 2018).   

Although PA has been studied extensively in many simulated settings and with many 

types of sports, music, and gymnastics, research pertaining to adolescent competitive dance 

remains relatively limited. For instance, Rohleder et al. (2007) studied stress among competitive 
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ballroom dancers; however, this study was comprised of amateur adults. In addition, a qualitative 

study including elite ballet dancers found cognitive anxiety symptoms as debilitating, but this 

study also focused on adult dance company members, not adolescent competitors (Walker & 

Nordin-Bates, 2010). Moreover, much of the current research has been conducted in controlled 

or rehearsal settings, rather than the dancers’ natural performance contexts of rehearsals (where 

eliminations routinely occur) and high-stakes live competitions, which might underestimate the 

real-world anxiety dynamics. 

MBIs, including structured breathwork, have demonstrated promise in reducing stress 

and anxiety in non-dance populations; their feasibility, implementation outcomes, and 

preliminary effectiveness in adolescent competitive dance is essentially unknown (Bentley et al., 

2023). At the same time, while a current study has looked at the correlation of breathing patterns 

and dance movements, this experiment was conducted in a motion lab where dancers were given 

specific movements to replicate rather than in a natural environment (Wang, 2025). Taken 

together, this leads to several interrelated gaps in the scientific literature: (a) limited data on the 

extent and nature of PA experienced by adolescent competitive dancers in a naturalistic rehearsal 

and live competition context; (b) limited evidence regarding the feasibility of implementing 

measures to assess anxiety and breathwork-based interventions during these real-world settings; 

(c) a lack of preliminary data on whether these interventions might modify anxiety in any 

manner and/or (d) improve dance performance. Addressing these gaps will not only extend dance 

research, but also provide professionals like coaches, instructors, and choreographers with 

actionable strategies for supporting adolescent dancers in rehearsals and competitions. 
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Significance 

This is the first study to closely examine performance anxiety in high-skilled adolescent 

dancers under real-life conditions. It is important to alleviate PA in high-skilled adolescent 

dancers as it can have significant negative consequences for their physical and behavioral health. 

Undertaking this study allows us to examine if we are able to recruit dance participants who are 

willing to engage in data collection and an intervention during such a high-stress, high-stakes 

moment in their lives (i.e., a live competition). We will be better informed regarding the selected 

data collection methods and outcome measures to support future larger-scale studies. In addition, 

we will better understand what elements of these interventions are possible within a naturalistic 

rehearsal and live competition, and to what extent the interventions are acceptable and 

appropriate. Results will inform preliminary efficacy of interventions that capitalize on  

effective breath control. This work serves as the foundation for future work that will prevent  

the debilitating impact of anxiety on the health and performance of highly skilled adolescent 

dancers. 

Study Aims 

The specific aims of this study are: 

Aim 1: To evaluate feasibility of measuring performance anxiety and engaging in a 

breathing intervention in a natural environment with adolescent skilled dancers participating in 

dance rehearsals and high-stakes competitions.   

Aim 2: Characterize behavioral anxiety, performance anxiety, and dance performance 

errors during dance rehearsals and high-stakes competitions. 
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Aim 3: Explore the preliminary efficacy of breathing interventions (box breathing or 

extended exhales) on behavioral and physiological performance anxiety and dance performance 

errors during rehearsals and high-stakes competitions.   

Research Questions 

To address the above aims, this study examined the following research questions: 

1. Is it feasible to measure performance anxiety in dance rehearsals and competition 

conditions?  

2. Is it feasible to engage in boxed breathing or extended exhales interventions before 

and after a dance performance during rehearsal and dance competition conditions? 

3. What is the impact of the rehearsal and competition conditions on anxiety (behavioral 

and physiological anxiety) and performance errors (alignment, timing, spacing)? 

4. What is the association between anxiety and performance errors under dance rehearsal 

and competition conditions? 

5. What is the preliminary efficacy of box breathing or extended exhales intervention on 

behavioral and physiological aspects of performance anxiety? 

6. What is the preliminary efficacy of box breathing or extended exhales intervention on 

dance performance errors? 

Anticipated Patterns 

Based on prior research, the use of short questionnaires and saliva testing in field studies 

is doable; therefore, utilizing such measurement tools in dance settings may be feasible (RQ 1). 

Breathwork is a common MBI intervention employed across many settings to reduce anxiety; 

therefore, engaging in short-duration breathing exercises may be possible in a natural dance 

context (RQ 2). Further, it is expected that dancers may exhibit behavioral and physiological 
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indicators of performance anxiety, particularly in evaluative contexts like competitions (RQ 3).  

It is plausible to anticipate dancers may exhibit performance errors in relation to their anxiety 

level (RQ 4). Introducing a breathing intervention may alter performance anxiety and dance 

performance errors (RQ 5 and RQ 6).   
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Chapter 2: Literature Review 

Dancers embody characteristics of both artists and elite athletes due to the intense 

physical and mental demands their training requires (Junge & Hausechild, 2023). Dancers have a 

unique skill set that enables them to observe, generate, and manipulate movements effectively 

across many characteristics including directionality, speed, sequence, rhythm, amplitude, timing, 

and force (Bläsing et al., 2012). Dancers are able to produce complex precise movements by 

exerting control over multiple joints, all the while maintaining low muscle tension and force 

(Bläsing et al., 2012). In addition to these complex motor demands, cognitive skills are required 

to learn and memorize choreography as well as maintain attention to external musical cues and 

relevant visual cues (Bläsing et al., 2012). To refine their dance performance, dancers need to 

master body alignment, movement timing, and synchronization of their body parts to music or 

sound and to the movement of their partners (Bläsing et al., 2012). Competitive dance has 

become an increasingly popular activity for adults and youth. Competitive ballroom style 

dancing was shown to increase salivary cortisol on competition days when compared to training 

(rehearsal) days, with a return to baseline occurring about 6 hours post competition (Rohleder  

et al., 2007). It is unknown precisely how pre-competitive performance anxiety (PA) manifests in 

different natural contexts, nor is it known if anxiety effects performance elements.   

Performance Anxiety 

In the literature and daily life, it is common to see the words stress and anxiety used 

interchangeably. Stress was first defined by Hans Selye in 1936 as “the non-specific response of 

the body to any demand for change” (Selye, 1976, n.p.). Today, stress definitions have since 

evolved as our understanding of physiology and behavior has expanded. Stress is now viewed as 

some situational, mental, or physical factor which causes a physiological response in the body 
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(Lee, 2022). These “stressors” may exist within the environment or may even be thoughts or 

perceptions one is experiencing (Fink, 2016). 

Anxiety is the result of an organism under stress, and it encompasses a variety of 

reactions (Aliberti et al., 2023). Anxiety may be state-dependent or transitory. These feelings of 

anxiety are very subjective; fluctuate from moment to moment; and manifest as apprehension, 

tension, and worry (Spielberger et al., 1983). A state of anxiety can be detected in the person’s 

nervous system. For instance, heightened nervous system excitability can be objectively 

measured via EEG/EMG/EKG and behavioral outputs by way of observable motor actions, like 

dance (Kim & Diamond, 2002). In addition to cardiac and respiratory parameters, biomarkers 

found in saliva are commonly analyzed to ascertain physiological state anxiety measurements.  

Anxiety, caused by a negative and/or positive situation, is a global problem experienced 

by all to varying degrees (World Health Organization [WHO], 2023). It is well established that 

chronic stress or anxiety plays a role in metabolic disorders like heart disease, diabetes, and 

obesity, all of which are linked to early mortality (Wulsin et al., 2018). Furthermore, stress or 

anxiety is known to contribute to a variety of mental health disorders (Fink, 2016). 

Dance performance can trigger PA (Aliberti et al., 2024). Dancers experience PA  

by way of somatic sensations, i.e., accelerated heart rate, sweating, shortness of breath, muscle 

weakness, and/or incoordination (Aliberti et al., 2023). Additionally, dancers experience 

cognitive symptoms, which can manifest as negative thoughts, ruminating worries, memory loss, 

and a lack of concentration (Aliberti et al., 2023; Stackpole & Quiroga-Gaza, 2023). Some PA 

may be beneficial to individuals, but higher levels might lead to increased fatigue, self-harm, and 

mental health issues (Stackpole & Quiroga-Gaza, 2023). 
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Literature now suggests state anxiety is highly individualized between persons and has a 

specific neurochemical footprint, given the type of factor eliciting the response (Fink, 2016). A 

specific process can illustrate how state anxiety can be understood. Organisms seek to maintain a 

state of homeostasis. For state anxiety to be triggered, homeostasis must be challenged by some 

stimuli or “stressor.” This may be physiological in nature like an acute injury, or psychological 

like a perceived safety threat, unpredictability within the environment, suboptimal coping 

resources, loss of social status, competitions, family conflict, social evaluative threats, and peer 

rejection or exclusion (Granger et al., 2012; Hannibal et al., 2014). Based on the type of stressor, 

different neuronal circuits within the brainstem or hypothalamus process the input. Reflexively, 

the sympathetic adrenomedullary system, or SAM system, releases noradrenaline and 

norepinephrine (Fink, 2016; Lee, 2022). Consequently, the body experiences increased cardiac 

output, blood pressure changes, and short-lasting heightened alertness, arousal, and vigilance, 

which return to baseline once the stressor ends and is considered adaptive (Fink, 2016; Lee, 

2022). Specific receptors (adrenergic) then respond and secrete salivary alpha amylase (sAA), a 

digestive enzyme found in the oral cavity (Becker & Rohleder, 2019; Out et al., 2013). sAA 

follows a pattern characterized by a marked decrease within 30 minutes of waking (35 U/ml), a 

sharp increase occurs for about 5 hours (55 U/ml), then levels remain stable for the remainder of 

the day/night (Out et al., 2013; see Table 11). This diurnal profile, or the overall daily wave, is 

the same for both men and women, showing no associations with moderate physical activity, low 

to moderate stress, food intake, drinking beverages, and smoking (Nater et al., 2007). However, 

sAA is known to increase in response to physical activity at an intensity of greater than 70% 

 
1 All tables and figures mentioned throughout the chapters are presented after the References and before the 

Appendices. 
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VO2 max (Koibuchi & Suzuki, 2014). Further, sAA is known to remain stable within persons for 

a period of 6 months (Out et al., 2013).   

It is vital to note that sAA is highly sensitive in moment-to-moment acute physical or 

psychological stress reactions (Granger et al., 2007; Out et al., 2013). Following a stressor, sAA 

quickly rises, peaks in 5-10 minutes, and then rapidly returns to baseline (Granger et al., 2012; 

Out et al., 2013). Thus, sAA is known as a surrogate for the autonomic nervous system 

representing the fast-acting arm of the stress response (Granger et al., 2012).   

As the SAM system remains active, the hormone cortisol is released and mediated by the 

HPA axis (hypothalamic pituitary adrenal axis). This slower-acting arm of the stress response 

continues to release cortisol, which crosses the blood brain barrier and, in the very short term, 

acts as an anti-inflammatory agent that helps prevent tissue and nerve damage (Becker & 

Rohleder, 2019; Hannibal et al., 2014). Cortisol also provides energy, influences cognitive and 

behavioral functioning, and impacts arousal and mood (Adam et al., 2017). While the HPA axis 

is slower to respond, its effects are longer lasting. These longer-duration stressors go on to 

trigger cytokines, which ultimately ramp up the immune system (Lee, 2022). If the stress 

response is left unchecked, deleterious or maladaptive effects of chronic stress are seen in the 

forms of disease and performance. 

Cortisol also has a diurnal pattern; however, it is distinct from that of sAA. Cortisol 

levels are high upon awakening and surge within 30-40 minutes after waking, drop rapidly 

within the next few hours, then drop at a slower rate until the lowest point is reached at bedtime 

(Adams et al., 2017). It is well known that salivary cortisol has variations between individuals 

due to biological traits, time of day, gender, intense physical activity, and moment-to-moment 

state (Granger et al., 2012, Miller et al., 2016). Despite this, an exhaustive dataset of cortisol 
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ranges was compiled to serve as reference points for researchers. This CIRCORT (circadian 

cortisol) dataset was assembled analyzing multiple saliva samples of 18,000+ persons of all ages 

across various timepoints (1 hour, 3.5 hours, 6 hours, 8.5, 11 hours, 13.5 hours and 16 hours after 

waking) in the day (Miller et al., 2016). Table 2 depicts the 50th percentile concentration of 

salivary cortisol (sCort) for each corresponding hour post awakening. For instance, it was found 

that for females aged 11–20, 6 hours after awakening, the 50th percentile of cortisol was 2.3 

nmol/l (see Table 2). 

Research designs tend to measure time-dependent changes in sCort and sAA following an 

exposure to an anxiety-provoking event. Studies have shown a peak in sCort 10 minutes after the 

TSST and immediately after for sAA (Granger et al., 2012). Therefore, optimal study designs to 

capture acute physiological reactivity and regulation include a pre-pre-TASK-post-post-post-post 

sampling scheme. In lab-conducted research, the ideal timeframes for sCort and sAA include 

upon arrival, pre task, then immediately after, 5, 20, and 40 minutes post task (Granger et al., 

2012). 

Performance Anxiety in Arts, Sports, and Laboratory Studies  

PA produces a physiological footprint which can be measured. Indeed, PA is a common 

phenomenon we likely all have experienced prior to an exam, sport, or some other motor tasks. 

Interestingly, studies exploring the cortisol curve before, during, and after performance are 

emerging and revealing intriguing findings. 

Guyon et al. (2020) utilized a Lifeshirt system to measure breathing variability, as a 

proxy of the sympathetic nervous system, and anxiety questionnaires in musicians before and 

after a performance both with and without an audience. Results found that musicians had 

significantly more anxiety in front of an audience and greater breathing variability 10 minutes 



15 

after the performance, not before the performance as one would predict and as the researchers 

had hypothesized. Additionally, the more anxiety musicians reported, particularly when an 

audience was present, the greater the breathing variability. These physiological and behavioral 

measures of stress indicated that musicians feel threatened with an audience. 

Monasterio et al. (2012) revealed that BASE (building, antennae, span/bridge, earth) 

jumpers, possessing adventurous and organized temperament styles, had as expected increased 

cortisol at the time of their jump compared to baseline. Post jump measures taken between 1 and 

7 minutes showed a decline post jump, even in this abbreviated timeframe; however, cortisol did 

not return to baseline. Additionally, sAA continued to rise, even post jump, signaling that stress 

recovery may not happen quickly and/or perhaps automatically. Further, cortisol and sAA 

showed disassociated patterns post jump, cortisol dropping, and sAA rising. The authors 

concluded that there are many moderators to stress hormone levels, and individuals may have 

response pattern “types.” 

If one were to extend the post-performance time sampling of cortisol (sCort) and alpha 

amylase (sAA) to 30 minutes, similar findings to the aforementioned study can be found. For 

instance, Capranica et al. (2012), examined the salivary curve in adolescent competitive 

Taekwondo athletes. It was revealed that sCort and sAA rose significantly from pre to post 

combat, and levels peaked 30 minutes post combat. The levels of sCort and sAA rose nearly 

200%, and the majority of fighters maintained heart rates at 90% or greater their maximum level. 

Additionally, in athletes who had subsequent matches, trends toward steady elevated levels of 

sCort/sAA were noted. This study found that athletes had higher state anxiety scores versus trait 

anxiety, pointing to affects a competitive context may have on stress levels. Another study with 

this same population demonstrated cortisol had a negative correlation with performance and was 
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predictive of outcome such that for the majority of subjects and timepoints, as cortisol increased, 

performance deteriorated (Latenbach & Lobinger, 2018). It should be noted that there was one 

time point which occurred during the Taekwondo match where sCort peaked, and for a quarter of 

those participants, this rise was positively correlated to outcome. 

Dillard et al. (2023) examined anxiety in the post-performance phase a step further and 

added an intervention, then assessed salivary stress biomarkers, sAA, and another salivary 

analyte called SIgA as well as anxiety levels. In this set-up, law enforcement officers completed 

a virtual reality active shooter drill. Subjects completed two types of breathwork for 5 minutes 

before and after the drill, boxed breathing, and another style that entailed a 4-second inhale and 

2-second exhale. This study differed from most designs in that it included a post-performance 

breathwork intervention phase. Results showed a significant increase in sAA and SIgA for the 

control group pre and post drill. However, sAA remained steady in the breathing groups, while it 

rose in the control groups. This was true at all timepoints, which included +30 minutes (post-

performance). Anxiety scores on the STAI showed increased anxiety pre drill versus post drill, 

despite the body having the opposing physiological reactions. Taking the aggregate of the 

previous findings together, one can start to observe a pattern of persistent post-performance 

physiological stress, as measured by cardiac, respiratory, and salivary biomarkers, despite the 

cessation of the stressor. Moreover, a subject’s behavioral stress may not always mirror what the 

body is experiencing physiologically, especially following the stressor. This begs the question: 

Should interventions target both pre and post physiological stress? 

Motor Performance and Performance Anxiety  

Runswick et al. (2018) examined how high anxiety conditions in skilled cricket players 

affected performance. They manipulated anxiety by telling players they were being evaluated on 
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performance, set a high expectation of success, and provided false performance feedback. 

Results revealed that high anxiety conditions produced poor decision making and action 

selection. For instance, high anxiety subjects produced lower percentages of good contacts and 

had significantly higher bad contact compared to low anxiety subjects. Intriguingly, visual 

attention was impacted such that high anxiety subjects had shorter visual fixation duration, 

produced more visual fixations, and fixated on more locations to no benefit in their performance 

outcomes. This study demonstrated that performance anxiety might alter attention to which 

contextual cues on which one chooses to focus. 

Mind Body Interventions  

Mind body therapies are safe, effective, and frequently utilized interventions for youth as 

methods to ameliorate stress, disease prevention, and relaxation; to, feel better emotionally; and 

to improve overall health (AAP, 2016). The American Academy of Pediatrics (2016) lists 

commonly recommended mind body techniques as yoga, mediation, hypnotherapy, guided 

imagery, and biofeedback. Breathwork is typically seen as a component of mind body techniques 

and defined as voluntarily controlling or manipulating one’s natural breath (Bentley et al., 2023; 

Zaccaro et al., 2018). Breathwork consists of a multitude of practices, most with deeply 

entrenched, thousands-year-old Eastern traditions. Historically, breathwork, or “Pranayama,” 

refers to a conscious expansion of the breath (Keller, 2012). As of late, mind body interventions 

are becoming more secularized and practiced worldwide. Moreover, breathwork is emerging in 

the scientific community as a standalone intervention. A recent systematic review concluded that 

breathwork produced small to medium effect sizes (g = 0.35) as a stress reduction technique 

(Finchman et al., 2023). In a current randomized controlled trial, breathwork, consisting of boxed 

breathing, cyclic sighing, and cyclic hyperventilation, produced greater improvements in mood 
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and respiratory rates when compared to mindfulness meditation. Furthermore, cyclic sighing, 

consisting of a double inhale and an extended exhale, yielded the greatest improvements in 

positive affect (Balban et al., 2023). Given the popularization of breathwork as a stress reduction 

modality in healthcare, science, and even popular culture, a closer study is warranted. 

Khalsa et al. (2013) examined the effects of a 6-week yoga program with an emphasis on 

alternate nostril yoga breathing, diaphragmatic breathing, and meditation on music performance 

anxiety (MPA) in elite adolescents. Results found a statistically significant reduction in MPA 

following the 6-week yoga program.   

Breathwork 

Breathwork relies on conscious methods and efforts one uses to regulate parameters of 

respiration (Fincham et al., 2023; Zaccaro et al., 2018). Breath frequency, depth, and inhalation 

and exhalation ratios may all be manipulated. By modifying the breath, one influences both 

physiological and behavioral parameters of stress. It is not easy to disentangle physiological 

stress from behavioral stress as a bidirectional relationship exists between the two. Breathwork is 

emerging as a mediator for both physiological and psychological stress. 

Breathwork and Performance Anxiety. Acutely, single-session breathwork 

interventions have been shown to reduce blood pressure, improve heart rate variability, stabilize 

respiration rates, change EEG and EMG patterns, and alter biomarkers of stress in saliva (Balban 

et al., 2023; Granger et al., 2012, Magnon et al., 2021; Parmanick et al., 2009; Yuan, 2020). In 

addition, studies with longer-term breathwork interventions demonstrated cortical and 

subcortical structural changes and functional connectivity alterations on MRI studies (Kennedy 

et al., 2022; Yuan, 2020). Moreover, breathwork impacts the behavioral elements of stress. 

Behavioral stress is a bit more complex and nuanced to describe. Many factors influence 
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behavior, such as one’s traits or personality, which remain stable across the lifespan and 

situations (Rossi & Pourtois, 2012; Spielberger et al., 1983). Behavior may also be influenced  

by short-lived feelings that arise and fluctuate as a result of ever-changing external factors, 

stimuli, or stressors (Spielberger et al., 1983). Oftentimes, behavior is observable, but at times 

can be imperceptible as in instances where action is delayed or absent. Behavior can be motoric 

in nature, task-oriented, or performance-based, although this does not matter as scientists can 

measure behavioral outputs by way of surveys and questionnaires (which ascertain what a person 

is perceiving and feeling), standardized assessments, or assessing specific actions or movements. 

The subsequent paragraphs highlight a sampling of the many investigations illustrating 

breathwork effects on measurable physiological stress and behavioral stress. 

Immediate effects of slow breathing are seen in blood pressure and heart rate studies 

(Pramanick et al., 2009). In a simple set-up, participants were divided into two groups: one given 

an oral parasympathetic nervous system blocker and the other not given the medication. Both 

groups were instructed to practice Bhastrika pranayama, which consists of an extended exhale-

to-inhale ratio, inhaling for 4 seconds and exhaling for 6 seconds. Blood pressure was taken 

before and after 5 minutes of Bhastrika. Results showed the group who was not given an oral 

parasympathetic blocker had significant drops in systolic and diastolic blood pressure and a 

slight fall in heart rate (Pramanick et al., 2009). Similar results were demonstrated by Telles et al. 

(2013), who compared whether a 10-minute session of breath awareness, alternate nostril yoga 

breathing (anyb), or reading a magazine would improve hypertension and scores on a manual 

dexterity task. Results replicated a drop in both systolic and diastolic blood pressure in the anyb 

group, and breath awareness had a drop in systolic blood pressure only, whereas the magazine 

reading control group did not experience any blood pressure changes (Telles et al., 2013). Anyb 
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produced significant changes in manual dexterity bilaterally and breath awareness netted changes 

in right-handed dexterity, whereas magazine reading did not improve manual dexterity. These 

two studies illustrated physiological shifts in blood pressure and behavioral changes in motor 

output following 5 minutes of breathwork. 

Balasubramanian et al. (2015) explored at which timepoint molecular changes, mainly 

immune proteins, would be traceable in the salivary proteome. Various breathing styles lasting 

20 minutes were tested, and saliva samples were collected at 5, 10, 15, and 20 minutes. Despite 

frequent testing interruptions, alterations in saliva were already detectable at 5 minutes, the 

earliest time point for Ig, particularly during breathing styles which emphasized balanced breaths 

and exhalations over inhalations, which are thought to trigger the parasympathetic nervous 

system quickly through the respiratory sinus arrhythmia (RSA) mechanism (Balasubmanian et 

al., 2015). This study demonstrated single-session breathwork produces acute changes in saliva 

and establishes testing timepoints with breaks in breathwork.  

In another study, researchers measured HRV and behavioral stress via the State and Trait 

Anxiety Inventory (STAI) following 5 minutes of deep diaphragmatic breathing, with a 4-second 

inhalation/6-second expiration ratio. They found that older versus younger adults had improved 

HRV significantly, as noted in increases in HF (high frequency) power bands (Magnon et al., 

2021). With this breathing pattern, which extended the exhale, subjects also reported significant 

drops from pre to post breathing exercises on the STAI. 

Duration and pattern of breathwork vary from study to study. One particular study sought 

to answer how many breaths per minute and what inhale and exhale ratio produced the greatest 

changes on HRV. Lin et al. (2014) randomly assigned subjects to four breathing groups, each 

with distinct breathing patterns lasting 2 minutes. It was discovered that a breathing rate of both 
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6 and 5.5 breaths per minute (bpm) increased HRV, but 5.5 bpm with an equal inhale:exhale 

ratio raised HRV the most, which is the favorable metric. In terms of behavioral stress, relaxation 

scores increased as measured by a visual analogue scale. Thus far, it appears short-duration 

breathwork is effective at changing physiological and behavioral stress measurements associated 

with less stressed states, such as blood pressure and HRV. 

Su et al. (2010) conducted a study with grade school string musicians participating in a 

judged event to investigate the effects of a relaxation breathing technique performed for 2 

months, two times a week for 10 minutes in duration, and then again 10 minutes before a musical 

performance. Results showed that MPA, measured at 2 months, 1 month, 30 minutes, and 5 

minutes preshow steadily increased from the 2-month mark to 30 minutes pre-performance. 

However, after the relaxation breathing technique at the -10 minute preshow, MPA lowered and 

continued to drop at 5 minutes preshow. The authors suggested relaxed breathing may not be as 

useful prior to the -30 mark, but rater is more beneficial acutely just before performance. 

Breathwork and Motor Performance 

There is emerging evidence that breathwork may augment learning new motor skills 

(Yadav & Mutha, 2016). In a small-scale study, subjects learned to trace a circle within a 

boundary, with vision occluded and in a 2-second time constraint. This study design necessitated 

both speed and accuracy, hallmarks of motor control. Subjects then were assigned to a 30-minute 

breathwork group or a rest group. Following either breathwork or rest conditions, subjects  

were given a retest. The breathwork group outperformed the controls on the retention task 

immediately after and the following day. After the retest, the rest group was then taught the 

breathing exercises and allowed to breathe for 30 minutes. Interestingly, when subjects returned 
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the following day for the retention test, they too obtained near perfect scores (Yadav & Mutha, 

2016). 

Tarrasch (2018) used a similar outcome measure, the motor control and visual perceptual 

portions of the VMI, which is a standardized pencil-and-paper assessment commonly used by 

occupational therapists to test one’s ability to copy shapes and form precise lines within a small 

boundary. This long-term intervention included a total of 24 weekly mindfulness sessions over a 

7-month period, with a portion of each session devoted to breathwork. Results revealed a 

significant increase in motor accuracy and reported mindfulness and visual perception in the 

intervention group. Additionally, a correlation between improvements in motor control and 

mindfulness and a decrease in anxiety were noted. 

When synthesizing the presented literature, the previous works by Yadav and Mutha 

(2016) and Tarrasch (2018) focused on learning single one-shot motor tasks. It is important to 

distinguish single-shot motor from sports and performing arts, which requires a scaffolding of 

actions to perform a skilled task, as, for instance, what is needed for dance. This action assembly 

is thought to occur by explicitly guided actions, which through training become automatic 

(Ganesh et al., 2019). In an elegant study by Ganesh et al., (2019), the researchers sought to 

disentangle where in the learning process performance anxiety might interfere in action 

selection. In what they termed single learners, participants learned a motoric 10-step button 

sequence. In another condition, termed part learners, participants learned six steps, then later four 

steps in the button press. All participants were then subject to an anxiety test session where they 

received an electric shock if they made an error or produced the button sequence too slowly. 

Results showed that part learners performed the task more quickly and better at the end of 

training than single learners. However, in the anxiety test sessions, part learners became slower 
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than single learners. Part learners also incurred more shocks as they had more errors than single 

learners. These findings are important because this study established causality between 

sequential motor performance and PA during this task (Ganesh et al., 2019). 

Developing and Implementing Complex Interventions: The First Step Is Feasibility 

Although studies in other arts, sports, and laboratories have explored PA and mind body 

interventions, little is known about how anxiety unfolds in real time. Furthermore, it is unknown 

which strategies may help manage anxiety in authentic dance environments. To our knowledge, 

no other study has established whether it is practical, acceptable, or methodologically sound to 

measure behavioral anxiety, physiological anxiety biomarkers, or performance errors in dance 

during natural training and competitive contexts. Moreover, to our knowledge, there has been  

no other work examining whether breathwork interventions can support dancers in these 

potentially stressful conditions. Researchers and clinicians are eager to test and trail innovative 

interventions. We are considering intervention to refer to a policy, program, service, or product 

intended to bring about a change on a macro level, as in social, environmental, or organizational, 

and on a micro level in one’s condition, choices, attitudes, beliefs, and behaviors (Bowen et al., 

2009).   

Given the lack of established performance anxiety measurements and interventions,  

the first step is to examine potential solutions through feasibility studies. Feasibility refers to 

whether a study can or cannot work and focuses on the process, not necessarily the outcomes of 

intervention (Orsmond & Cohn, 2015). Feasibility studies are generally conducted prior to pilot 

studies to investigate the intervention research and process (Ormond & Cohn, 2015). These 

studies tend to be iterative, formative, and adaptive and might even have flexible methodologies 

(Orsmond & Cohn, 2015). In addition, feasibility studies help researchers develop interventions 
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and outcome measures (Abbott, 2014). Furthermore, feasibility studies examine conceptual 

casual models and the hypothesized mechanism for change (Ormond & Cohn, 2015).  

Some feasibility study objectives may include evaluating recruitment processes; 

improving data collection methods and outcome measures; discovering the acceptability and 

appropriateness of the intervention; and reviewing available resources, such as space, equipment, 

financing, and expertise (Bowen et al., 2009; Ormond & Cohn, 2015). Weiner et al. (2017) 

evaluated the psychometric properties of the Acceptability of Intervention (AIM), the 

Intervention Appropriateness Measure (IAM), and the Feasibility of Intervention Measure (FIM). 

Acceptability refers to the personal judgement of whether each relevant stakeholder, such 

as the therapist and client, both find the treatment satisfactory. Appropriateness refers to the fit 

between treatment, clients, and context. For instance, a treatment may be deemed appropriate if it 

is effective and aligns with situational norms. Lastly, feasibility measures ascertain to what 

extent the treatment may be successfully executed in a particular setting and environment, given 

the available resources (Weiner et al., 2017). Some questions from Weiner et al. (2017) that may  

be asked to assess acceptability include “I like this treatment” and “This treatment meets my 

approval.” Sample questions to measure appropriateness might be “This treatment seems fitting” 

and “This treatment seems like a good match.” Feasibility questions might include statements 

like “This treatment seems doable.” The authors found strong evidence supporting strong 

internal consistency, meaning each item in the scale measures the same construct (all the 

acceptability questions group together). Structural validity was also found to be favorable; 

therefore, the three identified constructs of acceptability, appropriateness, and feasibility are 

indeed distinct yet related. Known-groups validity was demonstrated as measures effectively 

discriminated between intervention attributes that were intentionally designed and manipulated 
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accordingly. The assessment was found to have good test-retest reliability, pointing to the 

consistency in responses in different testing conditions. It should be noted, however, that this 

assessment has not yet been tested for predictive validity; therefore, it is unknown whether 

higher scores might translate to better adoptability in a real-world setting. 

In summary, dancers, like musicians or other types of athletes, demonstrate PA in 

evaluative contexts such as competitions. Short self-report questionaries have been developed 

and found to be valid and reliable in capturing moment-to-moment state anxiety in repeated 

measure study designs (Spielberger et al., 1983; Zsido et al., 2020). Existing work shows that 

saliva presents a unique opportunity to measure complex biological systems, like the nervous 

system and the HPA axis in a quick, non-invasive, easy method (Granger et al., 2012). Because 

saliva is an easy biospecimen to collect, it is viable to design and conduct experiments in 

naturalistic environments and with participants of all age groups. sAA is sensitive to capturing 

rapid sympathetic activation, and cortisol can index the slower-acting HPA axis response. 

Research across sports, performing arts, laboratory experiments, and mind body interventions 

further demonstrates that short single-session breathwork can alter performance outcomes and 

various stress biomarkers, suggesting potential benefits. However, what remains unknown is 

whether these behavioral and physiological anxiety indicators can be measured within real-world 

conditions of dance rehearsals and competitions and whether a short breathwork intervention 

may be feasibly introduced in these settings. It also remains unclear whether anxiety 

meaningfully impacts dance performance and whether breathwork might mitigate this. These 

gaps highlight the need for feasibility-focused research to determine how dancers self-report, 

respond, and perform in their natural environments. Moreover, we need to establish a starting 
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point for designing interventions that are practical and beneficial at managing anxiety, given 

dance rehearsal and competition logistics.  

Theoretical Framework of the Proposed Intervention 

We proposed a theoretical framework to understand how highly skilled adolescent 

dancers interact with their task (dance routines) in the context of dance rehearsals and 

competitions (see Figure 1). We utilized this theoretical work of perceiving affordances to 

explain the dynamic relationship among the dancers’ inherent traits, prior experiences, technical 

abilities, state of anxiety, application of breath (breathing intervention), and actual dance routine 

performance. 

Dance Competitions and Rehearsals (Context) 

Dancers are expected to perform at the highest skill level at competitions and rehearsals. 

Both competitions and rehearsals require high skill level performance, and they are anxiety-

provoking. Frequently, coaches provide corrections on the routines, swap out dancers for various 

roles in the choreography, or remove dancers from the routines altogether.   

Competitions (and rehearsals) by design are judged. This evaluative element is known to 

cause high degrees of stress and performance anxiety. Universal Dance Association or UDA 

competitions serve as an opportunity for high school students to showcase their talent to 

collegiate-level judges, who frequently serve as evaluators at these events. It is not uncommon 

for recruiters to start scouting talent at this competition for college dance teams, the most elite 

being invitation-only tryouts (J. Black, personal communication, March 3, 2024). 

For the purposes of this project, dancers were recruited from a dance school that 

participated in the Universal Dance Competition that occurs at the national level. The UDA was 

established in 1980 and has become the nation’s leader in high school and collegiate dance 
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education and competition. UDA hosts over 700 camps with 40,000 participants each summer 

(UDA, n.d.). Dance teams must attend at minimum a 2-day training camp and collectively score 

within a specific range to qualify for the culminating competition hosted each January. Top 

dancers and teams are selected to represent their program at prestigious events such as the 

famous Macy’s Thanksgiving Day Parade and the Olympics (UDA, n.d.). At the final January 

competition, considered the apex of the season, dance programs are given a national ranking with 

each team contending for the number one rank. This competition is televised and broadcast live 

online and across various networks such as ESPN2 and CBS. Additionally, at UDA camps and 

competitions, dancers begin the recruitment process for collegiate dance programs. UDA has 

very detailed and specific requirements regarding grades and team sizes. For instance, the small 

varsity team for hip hop or pom, two popular categories, must be composed of only students in 

Grades 8-12 and have between 5-14 members on the competition floor (UDA, n.d.). It is 

common for teams to train more than 14 dancers, where some dancers serve as alternates on 

competition days. The organization details specific parameters for body segments and time 

restrictions during movements and entire routines. For example, dancers may perform airborne 

skills, such as aerials, but hands may NOT touch the ground. Dancers may perform complex 

rotational movements like serial pirouettes but to a maximum of 8 counts, and both feet must 

touch the ground at the same time at the completion of the turn (UDA, n.d.). As such, dancers  

are highly skilled with each, vying for a coveted spot on their local high school dance team. 

Requisite skills for varsity and junior high school dance are established by each team. To earn a 

spot on the particular dance team selected for this study, dancers must execute various skills with 

proficiency, including a kip up, head spring, right/left aerial, triple and quadruple pirouettes. 

Tryouts are a week-long process and are judged by four persons: past or current college dance 
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coaches, past UDA competitors, and/or select choreographers (J. Black, personal 

communication, March 3, 2024). 

Dance Performance 

Dance performance is a form of skilled motor performance that refers to individual acts 

of a particular skill in a specific context (Magill & Anderson, 2020). It is an intensive action 

selection process that requires spatial and temporal precision. Dance is comprised of an 

interaction between the person (dancer), the task (dance routine), and the environment (dance 

ensemble members, a competition, etc.); thus, dance performance can be viewed as the 

manifestation of affordances. In other words, the person must be capable of perceiving and 

executing motor actions congruent to their own abilities, given the present task within 

environmental demands. Affordances are defined as bodily possibilities for action and involve 

the integration of all our senses, motor capacity, and emotions. Perceptual information is 

integrated. The resulting action then informs subsequent perceptions of the self, forward 

planning of action, action selection, and action execution in a specific context (Adolph & Kretch, 

2015; Kronstead & Gallagher, 2021). For example, given the specific body configuration and 

balance control abilities of humans, a chair affords sitting. Dancers develop specific skill sets 

that afford them a highly specialized performance in the context of an exact musical beat and 

choreography in particular environments (i.e., rehearsal and competitions) (Kronstead & 

Gallagher, 2021). For dancers to perform precisely at the optimal level required at a competition, 

they need to be keenly aware of their own body alignment, movement, emotional state, and 

actions, while remaining constantly attuned to the changing parameters of the task (i.e., 

choreography, musical beat fluctuations, timing, spacing, etc.) and their surrounding 

environment (i.e., dance partners, audience, sounds, sights, coaches’ expectations, judges’ 
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evaluations). Furthermore, as dancers perform, each action changes their body alignment and 

influences their own subsequent movement options; moreover, it directly impacts possible 

actions of the entire dance ensemble. These resultant changes afford everyone with new 

possibilities of action. For dance performances to be successful, this dynamic process needs to 

become fluid. 

Successful dance performance within the perceiving affordances framework entails four 

major components (Adolph, 2020; Adolph & Kretch, 2015; Dimitropoulou et al., 2025): agency 

(self as an entity to monitor and control actions); prospectivity (forward planning of action); 

behavioral flexibility (changing strategies in the context of the task); and adaptability (modifying 

actions to meet demands in different environments). Agency refers to the ability to monitor and 

control action selection from the individual dancer’s perspective and abilities. The premise is  

that performance is dependent on the dancer’s specific body dimensions and abilities (i.e., 

coordination, balance, spatiotemporal execution of movement, etc.), which afford dancer-specific 

possibilities for action (Den Hartigh et al., 2018). Dance performance is dependent on the 

dancer’s awareness of these abilities, so they can monitor their action selection (i.e., timing, 

alignment, etc.) to match the choreography demands. Prospectivity is the predictive component 

of action selection. For a successful dance performance, dancers have to plan their own 

movements prospectively, anticipating the music tempo, their own position, and the position and 

movement of the other dancers. Flexibility refers to the ability to adapt to task demands within a 

specific context. Dancers need to develop successful strategies that monitor movement precision, 

manage emotional reactions to changing task demands, and keep their performance consistent. 

Adaptability is the process of being able to maintain consistent performance following the 
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choreography across different environments, such as rehearsal, local competitions/performances, 

and national competitions/performances. 

Dance performance is the result of perception-action coupling processes that engage prior 

experiences, memory, cognitive skills (i.e., visualization of steps, routines, and temporal pairing 

of actions), anxiety, traits, emotions and emotional expression, and precise execution of motor 

skills towards the completion of a skilled routine (Stevens et al., 2019; Vander et al., 2023). The 

process encompasses skillful action observation and execution. Dancers learn, practice, and 

execute their steps and routines by observing others and, as they visualize their own bodies, 

move to the spatiotemporal requirements of a dance routine. This performance is observable, 

fluctuates, is independent of practice, and is influenced by a milieu of factors, including 

alertness, stress or anxiety, fatigue, pain, thoughts, and appraisals (Magill & Anderson, 2020). 

Structural and functional brain connectivity studies with dancers implicate multilevel neural 

processes in the sensory-motor cortices, such as the premotor cortex, supplementary motor area, 

putamen internal capsule, and corpus callosum, as responsible for dance performance (Calvo-

Merino et al., 2005; Karpati et al., 2015). Subcortical processes related to the cerebellum 

(anterior vermis of the cerebellum) and its cortical networks are implicated in the timing and 

precision of dance movements, especially when movements are coordinated to musical rhythm 

(Vander et al., 2023). 

Dancers produce deliberate movements in attempts to share something meaningful and 

evoke emotions, aesthetic experiences, and stories within the observer (Vesper & Sevdalis, 

2020). In fact, greater interpersonal synchrony between dancers elevates the interactive 

experience between performer and audience (Vesper & Sevdalis, 2020). Dancers train following 

rigorous schedules for months to master technical performance skills, learn the choreography, 
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and synchronize movements to both the selected music and other dancers within the team. Motor 

execution elements of body alignment to the music beat, space arrangement of body and motion 

to synchronize with other dancers, and timing are critical elements of skillful performance.  

Performance Anxiety 

Anxiety is a broader concept describing a psychological state. Hans Selye (1976) was the 

first to define anxiety as a “nonspecific response of the body to any demand” (n.p.). Kim and 

Diamond (2002) proposed an expanded multi-component definition. First, anxiety requires a 

heightened state of excitability and arousal level, which can be measured physiologically, 

behaviorally (motor), chemically (cortisol/sAA), and on EEG. Additionally, the experience must 

be perceived as negative or aversive. Moreover, several other substantial factors should be 

consider when defining anxiety. For instance, anxiety is caused when the demands of the 

environment exceed one’s perceived ability to cope. Anxiety is experienced when one feels a 

perceived threat, social disequilibrium, and absent leadership (Fink, 2016). Lastly, anxiety may 

be defined from a purely biological standpoint; any biological, emotional, or cognitive demand 

that triggers the physiological stress response in the body is anxiety (Bottacciolo et al., 2019; 

Fink, 2016). 

PA is a situation-specific form of anxiety that is generated within a specific context under 

specific person-task interaction conditions. Dancers are under multiple simultaneous stressors to 

maintain a particular physical aesthetic for which they are often judged and to perform at an 

optimal level. In fact, stress in the dance profession is commonly referred to as dance culture 

(Junge & Hausechild, 2023). Dance culture has normalized performing while injured, body 

image pressure, training load, and career uncertainty. Moreover, research demonstrates that 

dancers are more prone to have experienced childhood trauma, PTSD, anxiety, eating disorders, 
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and other emotional difficulties compared to other types of athletes (Thomson & Jaque, 2023). In 

a recent large study comprised of professional dancers, the researchers discovered that 20% of 

participants were experiencing depression, generalized anxiety, and eating disorders (Junge & 

Hausechild, 2023). 

As mentioned, dance performance is a manifestation of affordances. Affordances are 

influenced by a person’s inherent behavioral and physiological anxiety (Adolph & Kretch, 2015). 

Anxiety may be impacted by one’s traits, comprised of enduring personality characteristics (Trait 

Anxiety) and by transient moment-to-moment anxiety (State Anxiety) (Spielberger, 1983). Self-

appraisal of anxiety is possible at the behavioral level, with the person being aware about being 

anxious. Anxiety has a physiological impact as well. Specific physiological changes are evident 

such as moment-to-moment heightened autonomic excitability and increased levels of cortisol, as 

well as long-term increased cortisol levels. Skilled performance is affected by these behavioral 

and physiological changes due to anxiety.  

Dancers experience PA (Aliberti et al., 2024). PA refers to feelings of anxiety in high-

stakes, pressure-filled scenarios where one is expected to optimally perform (Clegg & Clements, 

2024). The experience of PA varies among individuals because of personality traits, skill level, 

perceived support, coping strategies, and appraisals. PA combines cognitive and physical 

components. Typically, cognitive components, like ruminating negative thoughts, are viewed  

as debilitating and hinder performance; whereas with some levels of physical symptoms, like 

excitement, increased alertness actually may facilitate performance (Clegg & Clements, 2024; 

Walker & Nordin-Bates, 2010). PA is viewed as a transient state, which peaks immediately prior 

to performance. Post-performance dancers experience a gamut of powerful emotions ranging 

from extreme highs and exhilaration to feelings of deep loss, withdrawal, and sadness associated 



33 

with camaraderie disbandment (Clegg & Clements, 2024). Moreover, it is common for dancers 

to experience post-show anxiety related to perfectionism (Clegg & Clements, 2024). These 

findings have prompted researchers to seek interventions aimed at emotional regulation for 

dancers (Clegg & Clements, 2024). 

Competition and preparatory rehearsals increase PA, which in turn is associated with 

dance performance (Nieuwenhuys & Oudejans, 2017). Dancers attend and orient themselves to 

perceive different possibilities of action. They select appropriate actions and execute their dance 

routines with the highest possible precision (Nieuwenhuys & Oudejans, 2017). The pressure to 

perform accurately at all times causes an increase in transient state anxiety (PA). Theorists have 

identified several levels—attentional (perception), interpretational (cognitive), and physical 

(behavior/motor)—that anxiety can influence dance performance (Nieuwenhuys & Oudejans, 

2017; Runswick et al., 2018). Attentional effects posit that anxious persons are easily distracted 

by threat-related information, consequently pulling attention away from the task at hand and 

directing attentional resources to irrelevant stimuli. Attending to irrelevant environmental stimuli 

does not enhance performance. Anxious persons tend to interpret stressful situations as 

threatening. Lastly, physically, anxious individuals have a lower physical threshold to stressors, 

thus causing increased muscle tension that one needs to overcome during performance 

(Nieuwenhuys & Oudejans, 2017). 

A crucial contextual factor that warrants consideration is whether one has limited time to 

process and act and who controls the time constraint. A useful model to assist in understanding 

and selecting the appropriate strategies to manage the emotional experience of performance 

anxiety is called TIMER, or the Temporal Influence Model of Emotional Regulation (Beatty & 

Janelle, 2020). In self-paced scenarios, the performer maintains control of initiating movement. 
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In externally paced situations, motor skills must be executed as determined by some outside 

force, such as a signal, or in the instance of a dance performance, the start of the music. Attention 

must be directed toward performance execution; otherwise, performance will decrease. In 

contexts where time is constrained but self-paced, emotional regulation strategies that exert 

increased demands on performers’ available resources will further disrupt performance than 

strategies that require fewer resources. Instead, easy self-controlled strategies are needed for 

regulation.  

The level of predictability is important as well. In highly predictable contexts, the 

performer has control over all variables (Fink, 2016; Kim & Diamond, 2002). In low 

predictability contexts, the performer is dependent on rapidly changing task demands and needs 

to be highly flexible to adjust performance accordingly. For example, in competitive dance, 

many variables exist which cannot be predicted, such as the noise level of the audience, lighting, 

performance of other dancers in the ensemble, skill level of competing teams, the start, and so 

on. Dancers need to gear their attention to relevant stimuli and adjust their performance with 

moment-to-moment decisions.  

Judged performance and the perceived consequence from this process are other critical 

components for eliciting PA. Prior experiences (i.e., trauma) shape feedback loops related to 

judged performance. Fear of a bad rating (due to prior traumatic experiences) at a competition 

can be perceived as a threat and lead to heightened physiological arousal and anxiety (Vine, 

2016). This process will hamper dance performance outcomes. 

Performance Anxiety Indicators. 

Performance Anxiety Behavioral Indicators. Self-appraisal of performance anxiety  

is a concept that has been extensively studied within the context of academic tasks and art 
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performance. It is shaped by individual characteristics, prior experiences, and general anxiety 

predisposition. Local conditions of perceived high-stakes evaluation of ability create an additive 

process of anxiety (PA; Pekrun, 2017). Self-reports are common practices of gauging PA during 

academic exams and music performance (Fehm & Schmidt, 2006; Sani & Singh, 2013). Most of 

the assessments use short self-report surveys.  

The State–Trait Anxiety Inventory (STAI-T) and STAIS-5 are frequently used scales to 

measure overall (trait) anxiety and performance anxiety (state) (Spielberger et al., 1983; Zsido  

et al., 2020). The overall anxiety factors measure the frequency and intensity of anxiety that a 

person experiences. The PA measure (STAIS-5) measures the person’s moment-to-moment 

perception of the task difficulty, level of worry, and focus on potential failure or disappointment.  

Performance Anxiety Physiological Indicators. The anxiety response is a nonspecific 

physiological event that operates unconsciously and sets off a well-coordinated cascade of 

internal reactions (Fink, 2016; Godoy et al., 2018; Lee, 2022). Our bodies seek to remain and 

return to homeostasis, even during stress. The first step in the anxiety response is recognition or 

perception of some type of threat, challenge, or homeostatic imbalance. Based on the type of 

stressor, different neuronal circuits respond immediately. Two major systems comprise the 

physiological response: the autonomic nervous system and the limbic system. 

The Autonomic Nervous System. The autonomic nervous system (ANS) is controlled by 

the hypothalamus and contains three branches that work together: the sympathetic nervous 

system (SNS) or flight-or-fight system; the parasympathetic nervous system (PSNS), or the rest-

and-digest system; and the enteric or GI tract. The SNS and PSNS seek to remain in balance or 

homeostasis (Kandal et al., 2016). 
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It should be noted that not all anxiety is harmful. In fact, some degree of anxiety is 

needed for optimal functioning. This is termed adaptive SNS arousal, which causes an increase 

in alertness, attention, and cognition. Sensory perception becomes keener system-wide. 

However, at some variable point, the SNS begins to dominate and become maladaptive 

(Anderson et al., 2019). At this juncture, performance will begin to decline. Nevertheless, the 

system seeks to return to homeostasis. Allostasis refers to the ability to return to homeostasis 

after a stressor. Allostatic load is the degree of “wear and tear” that chronic anxiety has caused 

on the brain and body (Lee, 2022). 

The Limbic System. The limbic system is a collection of structures that continue to be 

redefined and partially responsible for emotions, memory, motivation, social processing, and 

learning (Torrico & Abdijadid, 2024). The main structures include the amygdala, hypothalamus, 

cingulate gyrus, basal ganglia, thalamus, and hippocampus (Torrico & Abdijadid, 2024). It 

should be noted that limbic system structures also control many other functions of the body. The 

amygdala receives inputs from all sensory systems and is implicated in fear recognition, anxiety, 

anger, and aggression. Of note, this structure aids in memory processing, long-term potentiation, 

and elements of decision making (Torrico & Abdijadid, 2024). 

The hypothalamus is primarily known for maintaining the intricate balance of 

homeostasis. Behaviors, which require the initiation of movement, such as food seeking and 

escape from danger, are thought to originate in this region and connect to other structures 

involved in cognition (Torrico & Abdijadid, 2024). 

Two types of receptors—known as mineralocorticoid receptors (MR), which are more 

localized, and glucocorticoid receptors (GR), which are widespread—serve as receptors for 

cortisol. Both receptor types are found in the limbic system, and long-term activation of these 
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receptors produces neuroanatomical changes in the PFC, hippocampus, and amygdala, impacting 

the HPA negative feedback loop (Fink, 2018). These findings are crucial when examining 

higher-order cognition, such as executive functions, decision-making, attention, memory, 

learning, and metacognition, or the assessment of one’s own mental states (Reyes et al., 2020).  

In pharmacological studies where participants were administered cortisol, eliminating any 

subjective experience, it was found that metacognitive ability declined (Reyes et al., 2020).  

Adaptive Response to Anxiety. Anxiety is monitored by specialized brain-physiology 

networks. For example, physiological threats are modulated by regions of the brainstem and 

hypothalamus, whereas psychosocial stressors elicit neural circuits within the prefrontal cortex, 

hippocampus, and amygdala (Godoy et al, 2018). Within seconds, the sympathetic adreno-

medullary system, or SAM system, is activated, which connects the sympathetic nervous system 

to the adrenal medulla. As the SAM system remains active, the hormone cortisol is released and 

mediated by the HPA axis. These longer duration stressors go on to trigger increased cortisol and 

cytokines release, which ramp up the immune system (Lee, 2022). Once the stressor is relieved, 

a negative feedback loop signals the brain and glands to stop producing cortisol. This process 

may take approximately 20 minutes. However, if the stressor perpetuates, the body remains in an 

anxiety cycle and cortisol continues to be released. 

Allostasis is a common term used to define a return to homeostasis (Lee, 2022). 

Allostatic load is known as the wear and tear that chronic stress has caused on the brain and body 

(Lee, 2022). Slow recovery after stress or longer periods of time to return to homeostasis 

following exercise and mental states was found to be a strong predictor of autonomic nervous 

system imbalance and later chronic diseases (Wulsin et al., 2018). It is well established that 

chronic stress is a contributing factor in heart disease, diabetes, and obesity, all of which may 
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lead to early mortality (Wulsin et al., 2018). It is therefore more perilous to have slower recovery 

time following stress than more frequent activation of the stress response. Moreover, it is 

imperative to establish recovery interventions that expedite the return to homeostasis. 

Maladaptive Response to Anxiety. Anxiety creates a physiological cascade of events that 

follow either a psychological or physical stressor (Seyle, 1976). The magnitude of the reaction is 

individualized and context dependent (Anderson et al., 2019). Variables, such as personal 

attributes, cognitive appraisals, coping strategies, support systems, and past experiences, modify 

the stress reaction (Anderson et al., 2019). For instance, perceived threat and personal control 

can either increase or decrease the physiological anxiety reaction (Anderson et al., 2019). 

However, at some variable point across persons and situations, the effects of anxiety tip the scale 

and become maladaptive, causing performance to slip (Anderson et al., 2019). 

Physiologically, cortisol binds to receptors (MR, GR) in many brain regions and 

throughout the body. When cortisol binds to certain receptors (GR), links are formed at the  

DNA level and consequently alter gene expression, leading to long-lasting impacts. On a more 

localized level, receptors (GR) within the HPA axis act as a thermostat and shut off or down 

regulate cortisol production. This down regulation signals the end of stress. Should stress persist, 

long-term resistance occurs at these feedback centers of the brain, and it is well established that 

elevated cortisol alters brain function, leads to diseases, and affects motor skill (Anderson et al., 

2019). 

Performance Anxiety and Dance Performance 

There is a line of research in animal models that demonstrates that under chronic stress, 

motor skill decrements occur. Rodent studies have shown that elevated cortisol impacts the 

timing of movements, such that movements are faster, more frantic, and less accurate. In 
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addition, during reach, decreases in rotary movements and accuracy were noted (Metz et al., 

2005). There are several mechanisms by which motor performance deteriorates under stress. 

Brain regions responsible for motor—namely, motor cortex, cerebellum, basal ganglia, and 

spinal cord—contain cortisol receptors and are, therefore, highly susceptible to cortisol 

fluctuations (Anderson et al., 2019, Metz et al., 2005). It is also suggested that cortisol interferes 

with dopamine, which controls balance and fine motor skills (Anderson et al., 2019). Critically 

important, stress causes pathology and slows recovery. In fact, stress has been identified as 

possibly the most important factor to affect recovery and neuroplasticity after motor system 

injuries, such as a stroke (Walker, 2014). 

In humans, emotions, whether positive or negative, have the capacity to set off an anxiety 

response. Consider the role emotions play on motor actions. Emotions, or affective experiences, 

result from either automatic or conscious appraisals of some internal or external stimuli (Beatty 

& Janelle, 2020). Emotions act as powerful primers of the motor system and are consequential 

during the preparation, initiation, and execution of motor tasks. For instance, when subjects view 

images containing photos of attacks and erotica, faster reaction times on time-constrained and 

measured pinch tasks were seen (Beatty et al., 2014). This suggests that emotionally arousing 

stimuli speed up the initiation of motor tasks (Beatty et al., 2014). Moreover, emotional 

regulation strategies attenuated the influence emotional stimuli had on the initiation of motor 

actions. Specifically, attentional deployment strategies resulted in poorer performance, causing 

increased force production errors and the slowest reaction times. Conversely, in expressive 

suppression conditions, less force errors were noted when compared to other regulation strategies 

(Beatty et al., 2014). This implied that when timing is crucial, the correct emotional regulation 
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strategy is needed, such that it simultaneously down regulates emotions, but does not sacrifice 

successful motor performance. 

Breathing and Breathwork 

Breathing is a basic involuntary physiological function, which mediates other body 

systems and processes. Respiratory sinus arrhythmia (RSA) is a change in heart rate, which 

synchronizes to the breath. The baroreflex is responsible for this phenomenon. In simplified 

terms, inhalation causes the diaphragm to move downward and the lungs to expand. During the 

inhalation phase, the heart expands in surface area, resulting in blood moving more slowly 

through this larger space. The sinoatrial node (SA node) registers blood flow and communicates 

to the brain that blood is moving slowly; then the brain sends signals back to the heart to speed 

up. The net result of this loop is excitation. Therefore, inhalations are considered excitatory 

(Lehrer & Gevirtz, 2014; Pham et al., 2021; Shaffer & Meehan, 2020). During exhalation,  

the diaphragm moves upward and the lungs contract as does the heart, resulting in blood  

moving more quickly through a smaller surface area. The SA node registers blood flow and 

communicates to the brain that blood is moving rapidly; then the brain sends signals back to the 

heart to slow down. Therefore, this net result is inhibitory or calming (Lehrer & Gevirtz, 2014; 

Pham et al., 2021; Shaffer & Meehan, 2020). 

To understand the mechanisms of breathwork interventions, one needs to understand the 

basics of respiration. Breathing is considered an involuntary brainstem function mediated by 

action potentials in the medulla and pons. Within the medulla, the pre-Bötzinger complex 

generates the rhythmic pattern of inhales followed by exhales. A small pocket of neurons 

adjacent to the pre-Bötzinger complex, called the ventral respiratory group, regulates exhalation, 

whereas the dorsal respiratory group is thought to regulate inspiration. Chemoreceptors detect 
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carbon dioxide fluctuations that lead to ph shifts. Central chemoreceptors detect ph changes in 

the cerebral spinal fluid, whereas peripheral chemoreceptors detect ph levels in the blood (heart). 

The vagus nerve and glossopharyngeal nerve transmit these messages from the heart to the 

breathing centers, and the body reacts accordingly, regulating the breath to activity level. 

Breathing, regulated by neuro receptors described above, is also stimulated by 

mechanoreceptors, or the stretch reflex in the lungs to stimulate respiration via the Hering-Breuer 

reflex. Interestingly, the limbic system (emotional center) and hypothalamus (the pain center) 

also send signals to the respiratory center (Alila Medical, 2024; Ashhad et al., 2022). This is 

imperative as it implies our emotional state has a direct pathway to our breathing center; 

therefore, emotions change our breathing. Moreover, other brain regions, such as the superior 

and inferior colliculi, transmit visual and auditory signals, respectively, which help modulate  

the breath (Ashhad et al., 2022). Afferents from the prefrontal cortex carry information from 

cognitive and emotional centers and physiological states, which impact breathing—namely, the 

sighs/gasps correlated to emotions and stress (Ashhad et al., 2022). The hypothalamic nuclei 

which react to hunger, body temp, sleep/wake, and stress all secrete hormones that impact 

breathing (Ashhad et al., 2022). Primary and secondary motor cortices may send an efferent copy 

to the pre-Bötzinger complex and influence the breath cycle when we are swallowing, chewing, 

or speaking (Ashhad et al., 2022). Finally, the central nucleus of the amygdala, which controls 

fear and stress, profoundly modulates breathing under these stress states (Ashhad et al., 2022). In 

conclusion, breathing is impacted by a multitude of factors and body systems. 

Jerath et al. (2015) concurred and similarly posited that experiences and emotions cause 

physiological reactions throughout our bodies. They proposed that negative emotions such as 

stress, anxiety, and depression cause sympathetic nervous system activation due to action 
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potential depolarization at the cell membrane level. Moreover, engaging in activities like 

meditation and deep breathing may cause widespread inhibition of the sympathetic nervous 

system, engage the parasympathetic nervous system, and cause cellular action potential 

hyperpolarization body-wide, as opposed to medications that impact only targeted 

neurotransmitters in the brain (Jerath & Beveridge, 2020; Jerath et al., 2015). Specifically, 

research has shown that slow deep breathing, particularly in the second half of inspiration, causes 

near-complete sympathoinhibition (Jerath et al., 2006). 

In addition to the previous cellular mechanism, researchers have established a 

bidirectional relationship between the brain and the breath in rodent studies. Experiments where 

breathing frequency was altered have demonstrated that slow breaths are associated with calmer 

states, even in rodents that are likely unaware of placebo effects (Ashhad et al., 2022). There is a 

working hypothesis which states breathing rhythms entrain or make a pathway through neuronal 

activity in networks that are responsible for processing emotions, cognition, and memory 

(Ashhad et al., 2022). Evidence suggests that slow breathing or even a few deliberate deep 

breaths will cause changes in signals in areas of the brain responsible for emotions, cognition, 

and memory (Ashhad et al., 2022; Del Negro, 2018). What is inherently unique about respiration 

is that at any point, we can bring this autonomic brain stem function under our voluntary control. 

In other words, we may have the potential to short-circuit pathways, alter our own brain 

signaling, and voluntarily reduce our physiological and psychological stress response. This may, 

in turn, influence motor performance. 

Breathwork and Performance Anxiety. At any point, breathing can be brought to  

one’s attention and voluntarily controlled; this is termed breathwork. Therefore, an operational 

definition of breathwork includes voluntary, regulated, controlled, or manipulated breathing 
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(Bentley et al., 2023). Breathwork practices have been practiced since ancient times and across 

many cultures, but they vary greatly. However, despite these inconsistencies, breathwork is of 

interest to the scientific community and pop culture since practices are zero cost, scalable, and 

universally accessible (Bentley et al., 2023). Some common breathwork techniques include 

boxed breathing, cyclic sighing, alternate nostril breathing, diaphragmatic breathing, and slow-

paced breathing. A recent review (Bentley et al., 2023) examined the effective elements of 

breathwork practices. Results found a recurring theme of three core components associated with 

greater efficacy: human-guided training, multiple sessions, and long-term practice. Breath pace 

of slow breathing, defined as less than 12 breaths per minute, was found to be effective in the 

vast majority of studies. Session duration of at least 5 minutes were found to be efficacious, 

whereas durations of less than 5 minutes were deemed less effective. Upon closer inspection 

regarding session duration, four of the nine included reviewed studies incorporated none of the 

aforementioned core components, and the remaining two studies contained fast breathing and 

participants with diaphragmatic obstruction post abdominal surgery. Therefore, the authors 

suggested short sessions may be beneficial if they are human guided, multi-session, and include 

long-term practice, defined as at least 6 sessions in a 1-week span. Moreover, per the researchers, 

other identified caveats to consider included technique complexity, increased standing position, 

data collection interruptions, and involuntary diaphragmatic obstructions. Interestingly, all 

studies with youth and high-anxiety populations were effective, all of them containing human-

guided training and multi-session practice (Bentley et al., 2023). 

Numerous seminal human and animal studies have pointed to the effectiveness of  

short-duration breathwork and were excluded from the above review. Vlemicx et al. (2016) 

demonstrated that one sigh cycle significantly reduced both physiological stress, as measured by 
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muscle tension on EMG (frontalis ms) and self-reported relief on an anxiety index. Buchanan 

and Janelle (2021, 2022) conducted a series of investigations in which subjects were required to 

view images, alter their breathing pattern, and then produce from muscle memory a pinch equal 

to 10% of their maximal strength. These studies all utilized 2 minutes of breathwork, and 

statistically significant differences were noted in HRV, motor output, and subject’s perceptions. 

Regarding motor output, it was revealed that fast breathing improved reaction time and 

movement time when compared to slow breathing. Additionally, fast breathing was perceived to 

increase hindrance, arousal, and dyspnea, compared to normal or slow breathing rates. Lastly, 

slow breathing hindered reaction times when compared to normal breathing or fast. When 

examining how emotions and breathwork affect motor performance, it was found that slow 

breathing inhibited movement initiation and increased HRV in all emotional conditions; fast 

breathing decreased movement accuracy within neutral contexts; and subjects reported increases 

in perceived dyspnea and hinderance (Buchanan & Janelle, 2022). 

In normal breathing, sighing occurs every 5–30 minutes to maintain lung function, 

prevent alveolar collapse, and regulate gas exchange (Del Negro et al., 2018; Vlemicx et al., 

2022). Transient disruptions, defined as a single breath or a sigh and a few deep breaths, are 

known to reduce stress and anxiety (Ashhad et al., 2022; Vlemicx et al., 2022). However, sighs 

are more frequent in anxiety and panic disorders during performance and cognitive stress 

(Vlemicx et al., 2022). Severs et al. (2022) highlighted that this reflexive sigh is a state-

dependent phenomenon which has a bidirectional relationship with metabolic, emotional, and 

cognitive states. In other words, breathing modulates our emotions and cognitive abilities 

(Ashhad et al., 2022). 
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Breathwork has been found to reduce stress and anxiety and is more effective than 

mindfulness-based practices at reducing respiratory rate and increasing positive affect (Balban  

et al., 2023; Bentley et al., 2023). Additionally, public performances containing an audience 

increase breathing irregularity and sighing, both associated with feelings of distress and anxiety 

(Guyon et al., 2020; Vlemincx et al., 2016; Vlemincx et al., 2022). Interestingly, these breathing 

irregularities and resetters (sighing) are present and persist after performances, more so than pre-

performance (Guyon et al., 2020). Dillard et al. (2023) discovered that performing breathwork 

post stressors was effective at reducing stress biomarkers when compared to control groups who 

did not perform breathwork. Moreover, studies have found that practicing breathwork techniques 

well in advance of a performance is not as effective at reducing anxiety as practicing breathwork 

acutely, or within 10 minutes of taking the stage (Su et al., 2010). 

In the most recent systematic review pertaining to breathwork and stress and anxiety 

reduction, Bentley et al. (2023) sought to establish a framework for designing effective practices. 

They found that slow-breathing consisting of easy instructions taught by a live teacher produced 

the best outcomes. Additionally, it was recommended that practice occur across several sessions, 

with minimal interruptions, and prolonged standing should be avoided while engaged in 

breathwork. Mixed outcomes were found for breathwork durations under 5 minutes. However, 

studies included in this review consisted of short-duration breathwork exercises that lacked the 

aforementioned core components found to be effective, and some studies contained breathing 

styles that were mixed in pace (fast and slow breathwork). In various other literature, short-

duration breathwork was found to cause physiological changes in muscle tension and scores on 

the anxiety index after just one breath cycle (Vlemincx et al., 2016). The series of studies 



46 

conducted by Buchanan and Janelle (2021) and Beatty et al. (2014) similarly utilized 2 minutes 

of breathwork, which induced changes in heart rate variability and motor output. 

Taken all together, it appears as though short-duration breathwork exercises performed 

just before and after stress-provoking scenarios may attenuate our body’ physiological stress 

response and help reduce performance anxiety and improve motor performance. 

Breathwork and Dance Performance. In addition to direct physiological changes 

observed following brief breathwork exercises, studies show structural changes in the brain and 

brain wave alterations as well. MRI studies suggest morphological changes in youth following 

mind body interventions. In a study conducted by Yuan (2020), teens participated in a once 

weekly yoga program, which contained breathwork, for 12 weeks. Participants underwent an 

MRI study pre and post intervention; results showed changes in gray matter volume in the insula, 

putamen, and thalamus, while no changes were observable in the control group (Yuan, 2020). 

This is relevant as the insula correlates to physiological interception, including pain, temperature, 

itch, and respiration. The putamen is crucial in motor control and refinement of movements, and 

the thalamus is critical in relaying sensorimotor information to other brain areas (Yuan, 2020). 

For instance, in an EEG study aimed at assessing brain waves in children, participants engaged 

in eight sessions of mindful breathing with incrementally increasing durations. Sessions 1 and 2 

lasted only 1 minute; Sessions 3 and 4 increased to 2 minutes; Sessions 5 and 6 expanded to  

3 minutes; and Sessions 7 and 8 maxed out at 4 minutes duration (Vekety et al., 2022). Results 

found a significant steady increase in alpha and waves, which correlate to calm-focused brain 

states. 

To summarize, a dancer in a particular context (rehearsal or competition) may be 

influenced by multiple factors such as skill level, choreography, past experience, trait anxiety, 
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and performance anxiety. These factors influence affordances. The breath is a relevant feature to 

a successful dance performance and, as such, harnessing breathwork might augment affordances. 
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Chapter 3: Methods 

Study Design  

This feasibility study used a single-group, pre-post, within-subjects design without a 

comparison group. The primary objective was to assess the feasibility of the data collection 

procedures and the intervention itself. Additionally, the study aimed to generate hypotheses and 

estimate effect sizes for future research related to the efficacy and effectiveness of breathing 

interventions to improve performance anxiety in adolescents who compete in regional and 

national dance competitions. We report standardized effect sizes (Cohen’s d and partial η²) along 

with their 95% confidence intervals. 

Participants  

This study required two categories of participants: dancers and coaches. All participants 

were recruited via flyers placed within the performing arts studio affiliated with a private high 

school located in the New York City metropolitan area. Dancers were included if they were 

English-speaking, on a dance team, and participating in a high-stakes national-level dance 

competition. Individuals were excluded if they had any oral health-related diseases, including 

inflammation or active bleeding. Additionally, all saliva samples were lab-tested for traces of 

blood and discarded if positive. We recorded the use of oral contraceptives, menstruation, and 

pain, as these may have a potential impact on stress hormones. Participants were excluded if they 

reported specific conditions like cancer, hypertension, diabetes, cardiovascular disease, recent 

smoking, and exposure to secondhand smoke. Based on methodology literature, the above 

criteria were ascertained by way of a researcher-generated questionnaire, described in the 

measurement section (see Appendix A) (Granger et al., 2012; Strahler et al., 2017). Eating food 

or consuming drinks within 1 hour of saliva collection interferes with the salivary biometrics, 
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and participants were excluded if this criterion was not adhered to on the day of the study. 

Lastly, if participants were unable to perform and complete the entire intervention for whatever 

reason, they were excluded from specific analysis that examined the impact of the intervention.  

A total of 13 dancers consented to participate in the study (see Table 3). One dancer 

sustained an injury prior to Phase 1. Another dancer was excluded due to a chronic medical 

condition and performing at different locations than this researcher. A third dancer was injured 

and underwent surgery during Phase 3 and was therefore unable to complete the movement 

portion of the study.   

The second group of participants, the coaches, were recruited in same manner as the 

dancers. A total of four experienced dance coaches consented, all of whom were familiar with 

the competition process and typical dance team choreography (see Table 4). Each coach was 

responsible for assessing participants’ movements for accuracy utilizing the researcher-

developed Performance Error Survey, described in a subsequent section (see Appendix B). These 

coaches were not the direct coaches for the participants in this study. Furthermore, the same 

coach rated the same participants across all study phases.  

Demographics 

Demographic data were collected using the IRB-approved Hollingshead Four Factor 

Index of Socioeconomic Status, a widely utilized research tool across the social sciences. This 

questionnaire recognizes social status as multidimensional and identifies the most consequential 

factors as education, occupation, sex, and marital status (Hollingshead, 1975). In this line, 

participants and/or parents of minors were asked questions, including date of birth, gender, 

grade, child’s race and ethnicity, parents’ marital status, parents’ educational level, parents’ 

occupation, and household income (see Appendix C). 
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Coaches completed the Hollingshead Four Factor Index of Socioeconomic Status as well 

(see Table 4).    

Dancers’ Medical History 

During a Zoom interview, participants were asked to give a medical history. Information 

was collected and recorded regarding chronic conditions, oral health, behavioral and mental 

health, sleep hygiene, and exercise (see Appendix A). The Medical History form consisted of 

questions such as participant’s height, weight, age, medication use, medical conditions, 

surgeries, menstruation, oral health, oral hygiene practices, and orthodontics. Next, the Medical 

History form examined behaviors including smoking, vaping, alcohol use, exercise, sleep/wake 

times, and overall sleep hygiene. This detailed background information was relevant to the study 

as any of the aforementioned factors may influence salivary hormone levels, which would impact 

the results of this investigation.   

Dancers’ Baseline Interview 

The Baseline Interview Questions (see Appendix D) sought to discover the participants’ 

past experience with mindfulness-based interventions as well as dance experience and 

competition exposure. Questions directly asked the number of years the participant has engaged 

in formal dance training and competitions. Next, detailed questions were asked exploring past 

and current experiences with mindfulness-based techniques and the mode of delivery, such as 

online, in person, or on one’s own. Participants were asked whether they felt these past strategies 

were helpful or not. 
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Study Measures  

Feasibility Measures 

An exit interview was conducted to learn about the dancers’ thoughts, feedback, and 

overall feasibility regarding the measurement tools and the intervention. Questions assessing the 

participants’ acceptability, appropriateness, and feasibility were asked utilizing the Acceptance 

of Intervention Measure (AIM), the Intervention Appropriateness Measure (IAM), and  

the Feasibility of Intervention Measure (FIM) (see Appendix E). These measures were 

psychometrically tested and evaluated, and their authors reported sound evidence of content  

and structural validity, good internal consistency, and test-retest reliability with coefficients in 

the range of approximately r = .73–.88, thus supporting these measures as reliable and valid 

implementation outcome instruments (Weiner et al., 2017). The higher the scores, the greater the 

acceptability, appropriateness, and feasibility (Weiner et al., 2017). No suggested a priori cut-off 

scores exist to date; therefore, our research team determined that scores greater or equal to 3.0 

would indicate the minimal level of acceptability, appropriateness, and feasibility on this 1–5 

Likert response format. This threshold reflects the neutral to positive midpoint of the scale and 

allows for consistent interpretation of outcomes. Further, all analyses reported means, standard 

deviations, and standard errors. The same set of questions were asked to gather feedback on 

acceptance, appropriateness, and feasibility for the measurement tools themselves, i.e., STAIS-5 

and the saliva testing. Again, scores of 3.0 or greater were set as the threshold to indicate the 

acceptance, appropriateness, and feasibility of measures (see Appendix E). 

Intervention Feasibility—Specific Questions. A set of five intervention specific 

questions were asked of each dancer (see Appendix F). The questions probed feedback regarding 

the intervention length and number of repetitions performed. Also asked was how the 



52 

intervention fit into the natural structure of rehearsals and competitions, and whether or not 

dancers would recommend the intervention to others. Lastly, an open-ended question was asked 

allowing the participants to express any additional thoughts and feedback. 

Coaches’ Feasibility Measures. To discover how the coaches felt about the 

measurement tools (STAIS-5 and saliva testing), they too completed the Acceptance of 

Intervention Measure (AIM), the Intervention Appropriateness Measure (IAM), and the 

Feasibility of Intervention Measure (FIM) (see Appendix E). Scores greater or equal to 3.0 on 

the AIM, IAM, and FIM indicated that this was an acceptable, appropriate, and feasible method 

to test the intervention.   

Coaches’ Intervention Feasibility—Coaches’ Questions. To gather more in-depth 

feedback from the coaches, they also completed the Intervention-Specific Questions similar to 

the dancers. However, open-ended questions were tailored specifically to the coaches (see 

Appendix G). For example, coaches were asked for general thoughts and recommendations 

related to the intervention. They were asked if they discussed the intervention with the dancers. 

In addition, they were asked if they were aware that the dancers completed the intervention. 

Lastly, they were asked if they had a perspective on why some dancers opted to not participate in 

the study. 

Performance Anxiety Measures  

Performance Anxiety Behavioral Measures. It is generally accepted in the field of 

psychology that one has short-lived feelings that arise and fluctuate as a result of ever-changing 

external factors, stimuli, or stressors. Pioneering researcher Spielberger et al. (1983) referred to 

this construct as state anxiety because it describes transitory worrisome thoughts or tension that 

one feels. Conversely, more stable personality characteristics were referred to as trait anxiety. 
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Traits are essential components of mental health and well-being and are viewed as fixed across 

the lifespan and situations (Rossi & Pourtois, 2012). 

The State–Trait Anxiety Inventory (STAI), translated into 60 languages, is a widely 

utilized and extensively studied assessment tool in both research and clinical settings (Rossi & 

Pourtois, 2012). The STAI-T has excellent internal consistency (a = .86–.95) and high test-retest 

reliability (r = .65–.86), thus reflecting its stability as a measure of dispositional anxiety 

(Spielberger et al., 1983). The self-rated questions are structured as short statements, which the 

subject ranks on a 4-point Likert scale. The trait or STAI-T portion of the assessment consists of 

20 statements that assess how a person generally feels (see Appendix H). According to the 

testing manual, their sample of high school females scored on average 40.97 (SD = 10.63). No 

other normative data were provided by the authors for this age group, and further interpretive 

data are sparse in the current literature. 

A shortened STAIS-5 questionnaire, consisting of five questions, was developed for 

situations in which time is constrained (see Appendix I). This questionnaire demonstrated sound 

psychometric properties. Zsido et al. (2020) reported interval consistency (a = .87) and strong 

convergent validity with the full 20-question form. It has been determined that scores above 8 

indicate elevated state anxiety based on this normative sample (Zsido et al., 2020). The 

demographics were comprised of a large Hungarian community sample, which included teenage 

females, but the sample was not exclusive to only adolescent females. In past studies, various 

versions of the STAI-S have been successfully administered up to 4 times in 60 minutes; 

therefore, it is recommended for repeated measures designs (Spielberger et al., 1983). 

Performance Anxiety Physiological Measures. Saliva collection has become a widely 

utilized assessment tool for many biological systems, overall health, and disease states. It is 



54 

broadly accepted that certain salivary analytes contain hormones, which are considered proxies 

for the stress response systems: the sympatho adreno medullary system (SAM axis), measured  

by salivary alpha amylase (sAA); and the hypothalamic pituitary adrenal axis (HPA axis), 

measured by cortisol (sCort) secretions (Granger et al., 2012; Strahler et al., 2017). Both 

hormones are very sensitive to small fluctuations in homeostasis and produce rapid changes in 

the salivary biome. Thus, many studies have incorporated saliva testing when examining 

physiological reactions to stress and anxiety. 

This study employed salivary testing to gauge the fluctuations in physiological stress. 

The fast-reacting sAA and slower-reacting sCort were measured by saliva samples collected 20 

minutes pre dance performance, immediately after the performance, and 20 minutes after the 

performance. The timepoints were selected to establish a baseline prior to any intervention, and 

then following several rounds of the intervention, particularly AFTER the performance as the 

body returns to homeostasis and shuts off the secretion of cortisol and sAA. These timepoints 

followed other studies that used similar outcomes (Granger et al., 2012).   

Salivary alpha amylase varies among individuals; however, sAA levels follow a pattern 

characterized by a marked decrease within 30 minutes of waking, a sharp increase occurs for 

about 5 hours, then levels remain stable for the remainder of the day/night (Out et al., 2013; see 

Table 1). Similarly, salivary cortisol is also highly variable among individuals due to biological 

traits, time of day, gender, physical activity, and moment-to-moment state (Granger et al., 2012; 

Miller et al., 2016). However, reference ranges for cortisol do exist. As per the CIRCORT 

(circadian dataset), it was found that for females aged 11–20, 6 hours after awakening the 50th 

percentile of cortisol was 2.3 nmol/l. Table 2 depicts all cortisol ranges throughout the day for 

females ages 11–20. 
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Saliva Collection Questionnaire. The Saliva Collection Questionnaire was used on saliva 

collection days (see Appendix J). Questions were asked pertaining to bedtime, wake time, body 

temperature, illness, oral health, smoking, medications, mouthwash, napping, eating, and 

chewing gum. This questionnaire was developed by the researcher after attending a webinar 

hosted by Salimetrics, where sample questionnaires were disseminated for research use. All the 

aforementioned factors influence the sAA and sCort levels in the body and must be accounted 

and statistically controlled for when analyzing data. Dancers were given written instructions 

entitled Instructions Pre-Saliva Collection at the beginning of rehearsals and competitions, 

reminding them to refrain from eating within 60 minutes and drinking within 30 minutes of 

saliva collection (see Appendix K). In addition, he researcher and coaches verbally reminded 

dancers at these timepoints to refrain from food and take the last drink of water at 30 minutes, 

including swishing water in the mouth to clear any food particles. 

Measurements—Coaches  

Dance Performance: Performance Error Survey 

Movement errors were captured via the number of performance errors a dancer produced. 

Dance has many artistic styles. This study examined Pom, which is performed to very fast-paced 

music and contains rapid movements of the upper and lower extremities. Pom is typically 

performed by dance teams at high school, collegiate, and professional-level football and 

basketball games. Dancers are required to leap, turn, perform acrobatic tricks, and move about 

the stage in sync with each other. Typically, dancers learn choreography by breaking down 

routines into sections of chunked and linked steps. These steps come to be when body segments 

are perfectly aligned in a particular combination to form a shape—what is referred to as 

alignment. Dancers mentally count time to perform their steps to the beat of the specific music. 
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This is commonly referred to as the downbeat for the particular song. At each downbeat, the 

body is supposed to be in alignment to form a specific shape for that step. It is common for 

dancers to perform steps offbeat or occurring before or after the downbeat. In this study, this was 

referred to as a timing error. In addition, dancers are to be in a specific formation that is spaced 

accordingly. Dances could potentially be in the wrong spot of the stage, which is referred to as a 

spacing error. 

The standard competition scoring sheet utilized by the UDA is too broad and highly 

subjective. Therefore, a Performance Error Survey was devised specifically for this investigation 

and type of dance style (see Appendix B). This survey was developed in collaboration with two 

highly experienced former dancers and current dance coaches because no existing survey was 

available that would suit the intricate needs of this study. A decision was made to operationalize 

typical competition scoring elements namely for individual dancer movement, team uniformity/ 

synchronicity, and spacing. Over the course of multiple Zoom and in-person meetings with the 

dance coaches, a form was created which captured each individual dance movement. For 

specificity, alignment was broken down into all body segments in which an alignment error 

could potentially occur. The body segments included head, right or left shoulder, elbow, wrist, 

upper leg, knee, and foot. For instance, a dancer may have had their head rotated off center,  

or a dancer may have had an elbow flexed (bent) when it should be extended (straight). This 

particular breakdown was repeated on a separate Excel tab corresponding to each downbeat of 

the accompanying music. A category for timing and spacing was also included on each tab as a 

potential error could occur at each downbeat (see Appendix B). 
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Intervention: Breathwork 

Dancers were taught both breathing interventions, namely box breathing and the extended 

exhale, in person during a single training session (see Figure 7). It was paramount to give 

dancers agency, control, and predictability in their preferred breathing style. Consequently, 

dancers were given the option of selecting their preferred breathwork technique to perform 

consistently for the duration of the investigation. Following each intervention round, the 

breathwork technique that each dancer used was noted as an add-on question to the STAIS-5  

(see Appendix I).   

For both breathwork interventions (box breathing, extended exhale), the set-up in terms 

of verbal cues, position, and duration was the same and as follows. Dancers were instructed to sit 

on the ground cross-legged, in a single line, which eased biospecimen collection and STAIS-5 

administration in the naturalistic environment. A metronome was set to 60 beats per minute. 

Dancers were given the following verbal cues: “Please take a comfortable seat on the ground, 

cross your legs, place your hands upon your knees, make your spine erect, square your shoulders, 

now lower your shoulders to the ground, line up your head to your spine, relax your jaw, and 

close your eyes.” The instructor demonstrated this position. Then the instructor gave verbal 

instructions and demonstrated box breathing. The instructor started a timer for 2 minutes and 

said “Begin.” Dancers practiced the technique for 2 minutes. Dancers had the opportunity to ask 

questions, and the instructor was able to correct any postural issues. The instructor said, “Gently 

open eyes,” when the 2 minutes elapsed. The above set-up process was repeated for teaching the 

extended inhale. 
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Dancers were taught the intervention and then had several weeks of rehearsals and 

competitions in which they practiced the technique. Dancers were asked to complete a Practice 

Log prior to Phase 3 data collection (see Appendix L). 

There were no precautions for these breathwork exercises. If dancers felt any discomfort, 

they were told to stop at any time. Dancers were given written instructions (see Appendix M). 

Procedures—Dancers  

This Teachers College, Columbia University Institutional Review Board (TC IRB  

#24-278) approved study was a single-group, pre-post, within-subject study design with no 

comparison group. The dependent variables included scores obtained on the STAIS-5, values of 

salivary sCORT and sAA, and the number of movement errors. The independent variables or the 

intervention included multiple rounds of short-duration box breathing or prolonged exhales 

performed at specific timepoints both before and after a dance rehearsal and competition. 

For all dancers, consent and screening processes were completed prior to entering the 

study. Screening included completing the Saliva Collection Questionnaire to determine if 

participants had an acute illness or oral issue, as listed in the exclusionary criteria (see 

Appendices A and J). Then, during a scheduled Zoom interview, Medical History, 

Demographics, Baseline Interview Questions, and STAI-T were administered, and further 

instructions were reviewed. This study was designed to follow a timeline conducted in three 

distinct phases, as shown in Figure 4 and Figure 5. A detailed protocol follows in subsequent 

sections. 

Phase 1 

The study timeline, as shown in Figure 4, included an approximately 30-minute recorded 

Zoom interview. The purpose of this interview was to have parents and participants review and 
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sign consent and assent forms, where applicable, for minors. We also collected the  

Medical History Form to screen the participants’ eligibility for the study (see Appendix A). 

Participants/parents completed the Demographic Data and Baseline Interview Questionnaire 

pertaining to dance and competition experience and past exposure to mindfulness-based 

techniques (see Appendices C and D). This information was useful in learning specifics about 

the dancers as well as informing us as to which strategies they have used to cope with past 

performance anxiety. 

Either at the first Zoom meeting or at a separate meeting in Phases 1 and 2, participants 

were asked to fill out the STAI-T trait anxiety questionnaire with the assistance of the researcher. 

Lastly, to alleviate any undue stress some may have felt during the saliva testing 

procedure, an instructional video created by Salimetrics lab was shown to each participant prior 

to the first collection (see Appendix N). We simultaneously watched the Salimetrics lab-created 

tutorial and, immediately after, participants practiced with an actual test kit. This step allowed 

participants to become familiar with the testing process and equipment and to ask the researcher 

any questions. The practice swabs were not sent to the lab for analysis. 

Dance Performance: Performance Error Survey. Rehearsal and competition videos 

were shared with this researcher by the head coach, who recorded all performances. Videos were 

then uploaded to Columbia University, Teachers College, Digital Media Yuja platform. Videos 

links were shared with the coaches, who consented to participate in this study via a secure, 

password-protected link with an expiration date. Coaches were sent detailed instructions on 

scoring and a copy of the Performance Error Survey (see Appendix B). In addition, at a 

rehearsal, the researcher gave the coaches live instructions, with a dancer as a model to make 

certain they were able to score alignment, timing, and spacing accurately and as intended. 
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Coaches then had an opportunity to practice rating the dancer’s performance on the Performance 

Error Survey and ask any questions. At a convenient time after performances, the same coach 

rewatched performances for the same individual dancer and compared the dancer's performance 

to a benchmark (perfect performance) video of the same routine. Coaches denoted by placing a 

check on the survey only if a dancer made an error in alignment, timing, and/or spacing. For 

alignment, coaches checked which body part was out of alignment and noted on which side of 

the body (left/right) the error occurred. If a dancer was out of synch with the downbeat, an error 

was indicated for timing corresponding to the body part or parts. Lastly, if a dancer was not in 

the correct spot on the dance floor for that downbeat, one error was rated. The number of total 

errors for alignment, timing, and spacing were added and recorded for each dancer (see 

Appendix B). It is imperative to note that performances for each dancer were analyzed by a 

dance coach who did not directly coach the participant or have authority or decision-making 

power to remove a dancer from a performance. The same coach rated the same dancer for the 

duration of the study.  

For Phase 1, two sessions of rehearsals were recorded and then analyzed to establish a 

baseline of movement accuracy and errors. In Phase 2, one rehearsal and one competition, 

without the intervention, were recorded and analyzed. For Phase 3, one rehearsal and one 

competition, with the intervention occurring, were recorded and analyzed.   

Phase 2: Rehearsal and Competition No Intervention   

Dancers continued to participate in their usual rehearsal sessions and regularly scheduled 

competitions. In this Phase 2, we were measuring performance anxiety and dance performance in 

two conditions (rehearsal and competition) without any intervention. We measured performance 

anxiety utilizing both behavioral (STAIS-5) and physiological (sAA/sCort) measures. We 
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followed the same timeline for data collection in each condition (rehearsal and competition) (see 

Figure 4 and Figure 6). Dance performance was assessed by the Performance Error Survey 

completed by coaches. 

The timeline for data collection was as follows: 20 minutes prior to the final full-out  

(-20 minutes/pre), dancers gave the first saliva sample to measure salivary alpha amylase and 

salivary cortisol (sAA/sCort) and dancers completed the STAIS-5. These exact times were 

recorded. They then performed their routine. The performance was recorded per usual. 

Immediately after (IA), dancers collected a second saliva sample and completed the STAIS-5. 

Twenty minutes later (+20 minutes/post), dancers collected saliva for a third time and completed 

the STAIS-5. 

Samples were obtained by placing a one-inch-square cotton swab into the mouth and 

chewing it for 2 minutes. The swab was then inserted into a specially designed and labeled tube 

(participant ID number, collection number, condition). Saliva samples that were analyzed by 

Salimetrics lab were properly labeled and packaged as per lab instructions, immediately placed 

in a lab-provided specimen shipping box containing dry ice, and shipped back to the lab for 

testing. This researcher was present to ensure these steps were followed at each collection time, 

and all saliva samples were kept organized and frozen. 

Once received by the lab, samples were checked in, and researchers were notified that 

samples were received. All samples were tested in duplicate. As per lab protocol: 

Samples were thawed to room temperature, vortexed, and then centrifuged for 15 

minutes at approximately 3,000 RPM (1,500 x g) immediately before performing the 

assay. Samples were tested for salivary cortisol using a high sensitivity enzyme 

immunoassay (Cat. No. 1-3002). Sample test volume was 25 μl of saliva per 

determination. The assay has a lower limit of sensitivity of 0.007 μg/dL, a standard  

curve range from 0.012-3.0 μg/dL, and an average intra-assay coefficient of variation  

of 4.60%, and an average inter-assay coefficient of variation 6.00%, which meets the 

manufacturers’ criteria for accuracy and repeatability in Salivary Bioscience, and  
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exceeds the applicable NIH guidelines for Enhancing Reproducibility through Rigor and 

Transparency. 

 

Samples were discarded 30 days after they were analyzed. Email confirmation of same was 

received from the lab. 

Between Phase 2 and Phase 3: Intervention Training  

The researcher attended a team practice at their rehearsal space, and dancers were taught 

via live instruction the intervention protocol consisting of box breathing and an extended exhale. 

Dancers were asked to take a seat on the dance floor. The researcher sat in front of the dancers 

facing them and were taught the box breathing technique. The instructor verbally reviewed the 

directions and demonstrated the technique. For exact verbiage, refer to the Intervention section. 

Using a free downloadable application called Smart Metronome, the instructor started a 

metronome, set to 60 beats per minute. Dancers practiced the box intervention technique for  

2 minutes. Next, the instructor provided verbal directions and demonstrated the extended exhale 

technique. Exact verbiage is depicted in the Intervention section. Dancers then practiced the 

technique for 2 minutes. During this training session, dancers had the opportunity to ask any 

questions, and the instructor was able to assess and correct posture and/or breathing technique. 

Dancers had the option of selecting which breathing technique they would utilize in the 

intervention phase. Given the team’s rehearsal/competition calendar, they had several weeks 

between the intervention training and Phase 3. During these in-between sessions, the team was 

encouraged to practice their breathing techniques. Prior to Phase 3 rehearsal with intervention, 

dancers were asked to fill out the Practice Log to ascertain if and when they practiced the 

breathing intervention (see Appendix L).   
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Phase 3: Rehearsal and Competition with Intervention   

Phase 3 consisted of a rehearsal and competition with the intervention in which we were 

measuring performance anxiety and dance performance, exactly as noted in Phase 2 and at the 

same timepoints. However, in this phase, the breathwork intervention was applied (see Figure 8).  

Twenty minutes before the last full-out dance performance, dancers collected the first 

saliva sample and completed the STAIS-5. The instructor then directed the dancers to assume a 

seated position, began the metronome, and recited the verbiage as listed in the intervention 

section. Dancers performed (1st round) their preferred breathwork technique for 2 minutes. The 

researcher tracked time on a stopwatch. Dancers went about their usual dance rehearsal or 

competition. Typically, at competitions at this time, dancers move to a practice mat and warm 

up. Ten minutes before their scheduled performance, they assumed a seated position, the 

researcher recited the verbiage, and they repeated the 2-minute breathing exercise (2nd round). 

At the scheduled time, dancers performed. Immediately after the performance, dancers took a 

seat, the researcher began the metronome and recited the verbiage, and dancers performed the 

breathing intervention again (3rd round). Then, they gave the second saliva sample and 

completed the STAIS-5. The time was recorded. They continued business as usual. Typically at 

this time during competitions, dancers briefly remain backstage to debrief with coaches or speak 

to media; they then move to their private staging area. Next, 10 minutes later they sat, the 

researcher began the metronome and recited the verbiage, and dancers completed the breathing 

intervention again (4th round). The time was recorded. Ten minutes after that, the researcher 

began the metronome and recited the verbiage; dancers completed the breathing intervention 

again (5th round), collected the third saliva sample, and completed the final STAIS-5. The five 
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rounds of breathing were specifically coordinated to fit into the flow of a typical competition 

schedule. 

After Phase 3 Feasibility Exit Interview  

At the close of the study, a final brief interview took place, and dancers completed the 

AIM, IAM, and FIM for both the intervention itself and the measurement tools (see Appendix 

E). Questions included topics pertaining to acceptability, appropriateness, and feasibility as well 

as open-ended questions probing intervention likes and dislikes. Sample questions included “I 

like this exercise,” “This exercise seems fitting,” “This exercise seems doable,” and “What did 

you like/dislike about the breathing exercises?” The same questions were asked regarding the 

saliva testing and STAIS-5. Coaches completed the AIM, IAM, FIM for the measurement tools 

only. Open-ended questions developed specifically for the coaches were also asked.   

In addition to the above standardized questions, researcher-based feasibility data were 

obtained with a survey entitled “Intervention-Specific Questions” (see Appendix F). It is of 

interest to know what the dancers thought of the intervention. For example, did they feel as 

though the breathing exercises were too long or too short? Perhaps they felt the intervention 

caused an interruption in their pre-performance flow. Some additional feasibility metrics were 

explored, including recruitment capability, such as the percentage of participants (dancers and 

coaches) who met eligibility criteria and completed the study. Data collection tools were studied 

in terms of successful completion rate for each questionnaire, behavioral measurement (STAI-T, 

STAIS-5), and physiological measurement (sAA/sAA). Furthermore, comprehension and 

adherence to instructions for the outcome measurements and intervention (STAI, sCort, sAA) 

were explored.   
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Lastly, researcher-perspective feasibility elements were explored, such as researcher 

resources and ability to manage all study components. These data were thematically analyzed. 

Data Management 

As per Teachers College IRB-approved protocol, each participant was assigned a unique 

identifier. Minimum necessary guidelines were followed; only the principal investigator and 

faculty advisor had access to the participant names, their corresponding identification numbers, 

and Zoom interview recordings. Teachers College, Columbia University’s Zoom accounts were 

utilized to conduct interviews, and participants were notified when Zoom recordings would 

begin and end. Participants were instructed to sit alone in a room for the Zoom interview. 

Participants were visible and identifiable on performance video recordings; however, videos 

were kept on a password-protected, encrypted computer and hard drive locked in the principal 

investigator’s office or the faculty advisor’s office and accessed only by the principal 

investigator and faculty advisor. Computers had the latest version of Windows and malware 

software. Coaches, as approved by the IRB, were able to view the dance performance videos  

for purposes of rating the movements. A Yuja link, with expiration dates and passwords, was  

set up to transmit and share videos of practices and rehearsals. Periodic access was reviewed. 

Individuals who no longer needed access to data were removed. A Virtual Private Network was 

set up to share and transmit data. Research data were stored on a Teachers College-issued 

Google Drive. Data will be retained for 5 years, as it will support future iterations of this project, 

and it is anticipated that the doctoral degree will be completed. This is the first project in a series 

of future research studies. 
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Data Analysis 

Given that this was a feasibility study, no formal power analysis calculation was 

conducted. Effect sizes were reported. To address the research questions, we had the following 

data analysis plan.  

Research Question 1 

Is it feasible to measure performance anxiety during rehearsal and dance competition 

conditions? Descriptive statistics (means, standard deviations, and standard errors) were 

computed for the dancers’ AIM-M, IAM-M, and FIM-M. Descriptive statistics (means, standard 

deviations, and standard errors) were computed for coaches’ AIM-M, IAM-M, and FIM-M. 

Determinations of feasibility were established, including an a priori mean score of 3 on the AIM, 

IAM, and FIM. Thematic analysis was conducted for all the open-ended questions pertaining to 

measurement tools from both dancers and coaches.  

Research Question 2 

Is it feasible to engage in boxed breathing or extended exhales interventions, before and 

after a dance performance during rehearsal and dance competition conditions? Descriptive 

statistics (means, standard deviations, and standard errors) were computed for the dancers’  

AIM-I, IAM-I, FIM-I, and Intervention-Specific Questions. Determinations of feasibility were 

established, including an a priori mean score of 3 on the AIM, IAM, and FIM. Descriptive 

statistics (means, standard deviations, and standard errors) were also conducted for coaches’ 

Intervention-Specific Questions. Thematic analysis was conducted for all open-ended questions 

pertaining to the intervention from both dancers and coaches. 
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Research Question 3 

What is the impact of the rehearsal and competition conditions on anxiety (behavioral 

and physiological anxiety) and performance errors (alignment, timing, spacing)? 

3a. What is the impact of the rehearsal and competition conditions on dancers’ anxiety 

(behavioral and physiological measures)? As a reminder, in Phase 2 (No Intervention) of the 

study, we collected behavioral and physiological data for performance anxiety in rehearsal and 

competition conditions. In each condition, data were collected at three points in time: 20 minutes 

(-20min) prior to the dance performance time (Pre), immediately after performance (IA), and 20 

minutes (+20 min) after the performance (Post). Descriptive statistics (means, standard 

deviations, and standard errors) were computed for anxiety (STAI-T, STAI5-S, sCort, sAA). 

Data distributions were examined for normality and outliers. Data visualization and the Shapiro 

Wilk test were used to examine if the data were normally distributed prior to entering into the 

statistical analysis. We further examined if the data had outliers. We considered exempting 

outliers from the analysis. To answer our question, a 2 conditions (rehearsal/competition) X 3 

times of data collection (Pre/IA/Post) general linear model, repeated measures ANOVA was 

performed on each of the performance anxiety measures: STAI5-S, sCort, and sAA. If there were 

significant main effects or interactions, follow-up paired-sample t tests were calculated to 

determine the differences.   

Secondary Analysis. We wanted to see if the dancers’ behavioral responses about their 

state of anxiety were congruent with their physiological state of anxiety. We conducted a 

Pearson’s r Correlation among the performance anxiety measures.  

3b. What is the impact of the rehearsal and competition conditions on dancers’ 

performance (alignment, timing, spacing)? To examine the impact of condition (rehearsal or 
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competition) on dance performance errors, alignment, timing, and spacing were analyzed. Error 

frequencies were computed for each variable (alignment, timing, spacing), and the data were 

examined for normality and outliers. Descriptive statistics (means, standard deviations, and 

standard errors) were calculated for alignment, timing, and spacing errors under both rehearsal 

and competition conditions. Data visualization and the Shapiro Wilk test were used to examine if 

the data were normally distributed prior to entering the statistical analysis. We further examined 

if the data had outliers and considered exempting them from the analysis. To answer our 

question, a 2 conditions (rehearsal/competition), repeated measures ANOVA was performed on 

each of the dance performance errors in alignment, timing, and spacing. If there were significant 

main effects or interactions, follow-up paired samples t tests were calculated to determine the 

differences. Paired t-tests between the dance performance errors in alignment, timing, and 

spacing were conducted between the rehearsal and competition conditions.  

Research Question 4 

What is the association between anxiety and performance errors under dance rehearsal 

and competition conditions? To examine the association between anxiety and performance errors 

under rehearsal and competition conditions, we conducted Pearson’s r Correlations. Correlations 

were computed between measures of anxiety (STAI5-S, sCort, sAA) and performance errors 

(alignment, timing, and spacing) during Phase 2 (no intervention). 

Research Question 5 

 

What is the preliminary efficacy of box breathing or extended exhales intervention on 

behavioral and physiological aspects of performance anxiety? To evaluate the preliminary 

efficacy of the boxed breathing or extended exhales intervention on behavioral and physiological 

indicators of performance anxiety, repeated measures analyses were conducted. Descriptive 
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statistics (means, standard deviations, and standard errors) were computed for anxiety (STAI-T, 

STAI5-S, sCort, sAA). Data distributions were examined for normality and outliers. Data 

visualization and the Shapiro Wilk test were used to examine if the data were normally 

distributed prior to entering the statistical analysis. We further examined if the data had outliers. 

We considered exempting outliers from the analysis. To answer our question, a 2 phases 

(Intervention/No Intervention) X 2 conditions (rehearsal/competition) X 3 times of data 

collection (Pre/IA/Post) general linear model, repeated measures ANOVA on each of the 

performance anxiety measures was conducted: STAI5-S, sCort, sAA. Follow -up paired-sample  

t tests were also conducted to identify the differences.  

Research Question 6 

 

What is the preliminary efficacy of box breathing or extended exhales intervention on 

dance performance errors? Descriptive statistics (means, standard deviations, and standard 

errors) were computed for alignment, timing, and spacing errors. Data distributions were 

examined for normality and outliers. Data visualization and the Shapiro Wilk test were used to 

examine if the data were normally distributed prior to entering the statistical analysis. We further 

examined if the data had outliers. We considered exempting outliers from the analysis. To 

answer our question, a 2 phases (Intervention/No Intervention) X 2 conditions (rehearsal/ 

competition) general linear model, repeated measures ANOVA on each of the dance 

performance error measures was conducted: alignment, timing, and spacing. Follow-up  

paired-sample t tests were also conducted to identify the differences. 

This protocol was completed as a pilot study (see Appendix O). 

  



70 

Chapter 4: Results  

There is limited scientific evidence regarding performance anxiety levels in highly  

skilled adolescent dancers. Overall, this feasibility study examined performance anxiety (PA) 

and its connection to dance performance as well as the initial effectiveness of a brief breathing 

intervention to reduce anxiety in healthy adolescent expert dancers. We conducted the study  

in natural settings where dancers participated in rehearsals and competitions. We started by 

demonstrating the feasibility of measuring PA using behavioral and physiological measures 

collected in real-world environments. The STAI5-S was used to assess behavioral anxiety. 

Physiological data were gathered by analyzing salivary cortisol as a marker of the HPA axis and 

salivary amylase as a marker of the SAM axis. We also evaluated whether dancers could engage 

in a breathing intervention, either box breathing or extended exhales, during rehearsals and live 

competitions. Feasibility was assessed through the Acceptability of Measure (AIM), the 

Intervention of Appropriateness Measure (IAM), and the Feasibility of Intervention Measure 

(FIM), along with researcher-created survey questions. Lastly, we examined the effect of 

competitive conditions on PA and dance performance as well as the preliminary efficacy of 

breathing interventions to reduce anxiety and enhance dance performance under these conditions. 

Researcher Perspective for Study Feasibility  

This researcher’s dissertation study was funded by the Occupational Therapy Programs at 

Columbia University. The researcher recruited a convenience sample of dancers from a local 

competitive dance studio in the New York metropolitan area. The study was approved by the 

Teachers College, Columbia University Institutional Review Board. A total of 11 out of 15 

varsity dancers (73%), all female, consented to participate in the study, with limited participation 

from junior varsity dancers (n = 2, or 13%), due to injuries, illnesses, scheduling conflicts, and 
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logistical issues. It should be noted that both teams practiced at the same studio and participated 

in the same competitions; however, their schedules overlapped or conflicted, making it 

impossible for one researcher to conduct the study adequately by recruiting participants from 

both teams simultaneously. This represented an overall recruitment rate of 43% for this 

feasibility study. Recruitment via hanging flyers in the studio took place over several weeks 

during winter holidays and peak dance competition season, which created challenges when 

scheduling Zoom meetings to obtain dancer and parent consent. Despite these barriers, data 

collection proceeded smoothly once underway. The dancers were compliant with the study 

protocol, engaged with all study questionnaires, and were meticulous in biospecimen procedures. 

Although minor variations in saliva collection times occurred due to performance schedules and 

competition team rosters, adherence to the study procedures and sample integrity was maintained 

throughout. 

The following process was followed for all the saliva samples. All lab vials were labeled, 

stored under dry ice, systematically packaged, and shipped back to the lab according to the 

protocols. The lab was able to process all 120 samples because all arrived frozen and none were 

contaminated with blood.   

The overall experience highlighted the necessity of having a research assistant(s) to 

ensure greater scheduling flexibility and to support the management of multiple teams 

performing simultaneously in order to achieve a larger sample size.   

Teaching the intervention went smoothly; everyone chose to participate in the breathwork 

training session, including the coaches and the remaining team members. Conducting the 

intervention at both rehearsals and competitions occurred as planned, with all participants in the 
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same formation at every timepoint for ease of biospecimen collection, and all were actively 

engaged in the breathwork exercise for the allotted time. 

Lab costs associated with conducting this study were a consideration. It costs 

approximately $600.00 per dancer for salivary cortisol and alpha amylase lab testing. Future 

studies will need to obtain funding to carry out the procedures of this protocol.   

In addition to the dancers, coaches also participated in this study. Four coaches were 

recruited. Coaches were responsible for rating the dance performance for the same dancer 

throughout each study phase and for answering feasibility and intervention-related 

questionnaires. Questionnaire and evaluation completion rates were very high; however, 

substantial time was needed for coaches to return all data. In future studies, expanding 

recruitment to coaches and choreographers working with the other UDA-affiliated teams should 

be included because they have comparable experience and are adept at identifying dance 

performance errors. 

Each coach was assigned three to four dancers to rate for each phase of the study, totaling 

66 Performance Error Surveys. All 66 Performance Errors Surveys were returned completed. In 

addition, coaches were asked to complete demographics, Intervention-Specific Questions, and 

Feasibility of Measurements (AIM-M, IAM-M, FIM-M). A total of 11 out of 12 items were 

returned; one coach failed to submit the Feasibility of Measurements (AIM-M, IAM-M, FIM-M) 

questionnaire. In the future, obtaining coaches’ consent and completing all surveys before the 

Performance Error Surveys might increase completion rates.   

Overall, feasibility from both dancers and coaches indicated recruitment, data collection, 

and intervention delivery were largely achievable, although not without some practical but 

manageable challenges related to scheduling, researcher capacity, and funding, which emerged 
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as areas for refinement. Despite this, the study demonstrated strong dancer engagement and 

procedural integrity, supporting feasibility for future iterations and expansion.   

Table 5 summarizes feasibility outcomes based on Ormond and Cohn’s (2015) 

framework, highlighting each objective, guiding question, observed outcome, and plan for future 

implementation.   

Measuring Performance Anxiety in Natural Settings  

Dancer Feasibility 

Within a natural context, a dance rehearsal and dance competition, we utilized AIM-M, 

IAM-M, and FIM-M, which explored the feasibility of three distinct implementation 

measurement tools outcomes: acceptability, appropriateness, and feasibility. Acceptability was 

defined as the perception that a measurement tool (or intervention) is agreeable, palatable, or 

satisfactory. Appropriateness explored the fit, relevance, or compatibility of the measures (or 

intervention) to a specific problem. Feasibility described the degree to which a measure (or 

intervention) can be carried out within the given context (Weiner et al., 2017). Each of the 

previously listed implementation outcomes consisted of four questions with Likert Scale 

numerical responses (completely disagree = 1, disagree = 2, neither agree or disagree = 3, agree 

= 4, completely agree = 5). Standardized cut-off thresholds are not yet available; however, higher 

scores indicated higher acceptability, appropriateness, and feasibility. Consistent with the 

previous use of this scale, a priori mean scores of 3 or above on this 5-point Likert Scale were 

interpreted as favorable.   

We computed the average score for acceptability across dancers. The average score for 

acceptability (M = 4.05, SD = 0.52) indicated that the use of the measures for anxiety was 

acceptable to the dancers. We calculated the average score for appropriateness across dancers. 
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The average score for appropriateness (M = 4.41, SD = 0.42) indicated that the use of measures 

for anxiety was appropriate. We computed the average score for feasibility (M = 4.57,  

SD = 0.40), suggesting that the measures for anxiety were feasible (see Figure 9). 

Coach Feasibility 

Measurement feasibility from the coaches’ perspective was also investigated. Coaches 

were also asked to complete the Acceptability of Intervention Measure-Measures (AIM-M), the 

Intervention of Appropriateness Measure-Measures (IAM-M), and the Feasibility of Intervention 

Measure-Measures (FIM-M). For the coaches, a group mean score of 4.58 (SD = 0.52) for the 

AIM-M was achieved, suggesting favorable acceptability. Appropriateness explored the fit, 

relevance, or compatibility of the measures or the intervention to a specific problem (Weiner  

et al., 2017). A group mean of 4.17 (SD = 0.29) was obtained, thus indicating favorable 

appropriateness. Feasibility, or the degree to which a measure or intervention can be carried  

out within the given context, attained a group mean of 4.5 (SD = 0.36), indicating favorable 

feasibility. A priori mean scores of 3 or above on this 5-point Likert Scale on the AIM-M,  

IAM-M, and FIM-M were interpretated as favorable (see Figure 10). Standardized cut-off 

thresholds are not yet available; however, higher scores indicated higher acceptability, 

appropriateness, and feasibility (Weiner et al., 2017). 

Feasibility of Breathing Interventions Before and After  

a Dance Performance in a Natural Setting 

 

Dancers 

Dancers were taught two types of breathing interventions: boxed breathing and extended 

exhales. They had the option of selecting their preferred technique for the duration of the study. 

Dancers were instructed to use the same technique for each condition, and selections were 
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analyzed. Eight dancers preferred box breathing, and three dancers preferred extended exhales 

(see Figure 11). 

This study also aimed to examine the extent to which dancers could engage in box 

breathing or extended exhales before and after a performance at a rehearsal and a live 

competition. Using the same assessment as above, we explored the implementation outcomes of 

the intervention’s acceptability, appropriateness, and feasibility. A priori mean scores of 3 or 

above were interpreted as favorable.   

We computed the average acceptability score across dancers. The average acceptability 

score (M = 4.32, SD = 0.48) indicated that the intervention was acceptable to the dancers. We 

calculated the average appropriateness score across dancers. The average appropriateness score 

(M = 4.36, SD = 0.63) indicated that the intervention was appropriate. We computed the average 

score for feasibility (M = 4.36, SD = 0.61), suggesting that the intervention was feasible (see 

Figure 12). 

Dancers were asked Intervention-Specific Questions, consisting of five questions 

arranged on a 5-point Likert Scale, with higher scores indicating greater acceptability, 

appropriateness, and feasibility (see Figure 13). Question 1 asked whether dancers felt the 

intervention length was appropriate (M = 4.4545, SD = .5222). Question 2 asked whether the 

number of rounds of the breathing intervention was suitable (M = 4.1818, SD = .4045). Question 

3 probed appropriateness of fit within the usual preparation and competition (M = 3.6363,  

SD = 1.0269). Question 4 asked if dancers would do the intervention at future rehearsals and 

competitions (M = 4.4545, SD = .6875). Question 5 asked if dancers would recommend the 

breathing exercises to others (M = 4.6363, SD = .1521). A priori scores of 3 were selected as the 

cut-off value, indicating favorable responses. All questions met this criterion; however, Question 
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3, on fit, scored the lowest (see Figure 13). No direct open-ended response was asked to glean 

additional information on fit. However, one open-ended question was asked, and dancers’ 

responses reported below mostly focused on length and how they felt. Coaches were not asked to 

complete this measure regarding the intervention as they did not perform the intervention. They 

were, however, asked researcher-developed questions evaluating the intervention, which follows 

in a subsequent section. 

Dancers were taught the intervention, and then there was a 4-week period where dancers 

traveled for a national-level competition and prepped for a state-level competition, where Phase 

3 took place. During this time, dancers were asked to practice the intervention. Dancers were 

asked to complete a Practice Log just prior to Phase 3. Almost all the dancers (n = 10, 91%) 

reported to practicing the intervention at either a rehearsal or a competition.   

To provide dancers with an opportunity to communicate meaningful information 

otherwise not accounted for, one open-ended question was included in the above survey. Dancers 

shared thoughts and comments regarding the intervention. Thematic analysis of open-ended 

questions was conducted. The following three themes emerged: helpful, duration and transition, 

and preferred technique. “Helpful” was a frequent comment from the dancers.  

• I was really stressed, breathing was helpful, and it gave me a safe space. 

• Slowing down my heart rate. 

The second theme, “Duration and Transition,” suggested each individual dancer’s 

preference. 

• Two minutes felt long, but good after. 

• I felt rushed after. 
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The last theme, “Technique Preferences,” revealed dancers had specific needs. For 

instance, some dancers said the following:  

• More rounds before dancing would have helped, maybe an equal amount. 

• Boxed breathing better, it was too hard to keep count. 

Coaches were asked the same Intervention-Specific Questions as the dancers, which were 

comprised of five questions structured as a 5-point Likert Scale, with a higher score representing 

higher acceptability, appropriateness, and feasibility. To recap, Question 1 asked whether 

coaches felt the intervention length was appropriate (M = 4.25, SD = .0.05). Question 2 asked  

if the number of rounds of the breathing intervention were suitable (M = 4.5, SD = .5773). 

Question 3 probed appropriateness of fit within the usual preparation and competition (M = 4,  

SD = 0.0). Question 4 asked whether coaches would have the dancers perform the intervention at 

future rehearsals and competitions (M = 4.0, SD = 0.0). Question 5 asked coaches if they would 

recommend the breathing exercises to others (M = 4.25, SD = .05). A priori scores of 3 were 

selected as the cut-off value, indicating acceptability, appropriateness, and feasibility. All 

questions met this criterion (see Figure 14). 

At the end of the above questionnaire, coaches were given five open-ended questions to 

help this researcher attain additional information from their perspective regarding the study 

procedures, measurement tools, and intervention.   

Thematic analysis was conducted, and some themes emerged from the coaches’ 

feedback, including Positive Perceptions, Observed Behavioral and Physical Changes in 

Dancers, Barriers to Participation, and Recommendations. 

The first theme, Positive Perceptions, revealed coaches believed the intervention was 

helpful and beneficial for the dancers. Some representative quotes are: 
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• Nice added grounding tool prior to competition. 

• Dancers had overwhelmingly positive response. 

The second theme of Observations Behavioral and Physical Changes suggested the 

coaches were able to notice visible differences within the dancers following the intervention. 

Some representative quotes are: 

• Change in their bodies specifically a loosening in how they hold themselves. 

• More relaxed and in control of their nerves. 

• Dancers open their eyes. 

The third theme, Barriers to Participation, alluded to apprehension from dancers and 

parents. Some representative quotes are: 

• Parental input. 

• Dancers who take anti-anxiety medication opted out. 

A fourth theme, Recommendations, suggested coaches had ideas for the future. Some 

representative quotes are: 

• Will add breathing to warm-ups, will explore lengthening the timing. 

• Having the entire team perform the breathing exercises before the first competition. 

Overall, both dancers and coaches felt the PA measurements were feasible, but a larger-

scale study would require funding and staff. The intervention has significant implementation 

value and may be utilized within high anxiety and high activity intensity contexts like dance 

rehearsals and competitions.  
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Performance Anxiety During Rehearsal and Competition 

Behavioral Anxiety 

The State–Trait Anxiety Inventory-Trait (STAI-T) assesses enduring personality traits 

and is comprised of 20 questions; each response is structured as a 4-point Likert Scale (1 = 

Almost Never, 2 = Sometimes, 3 = Often, 4 = Almost Always). Cut-off scores for clinical 

anxiety are not provided in the testing manual; however, the means and standard deviations for 

female high school students are provided (M = 40.97, SD = 10.63). Overall, average trait anxiety 

levels among this sample of dancers did not fall outside one standard deviation from the mean 

(M = 37.54, SD = 7.08) (see Figure 15).   

The shortened State–Trait Anxiety Inventory-State (STAI5-S) was administered to 

dancers pre, IA, and post-performance in order to assess in the moment, or state anxiety. The 

assessment is comprised of five questions with Likert Scale responses (1 = Almost Never, 2 = 

Sometimes, 3 = Often, 4 = Almost Always). No specific cut-off norms exist for the STAI5-S at 

this time; however, Zsido et al. (2020) calculated cut-off scores greater than 8/20 to indicate 

elevated anxiety in community samples (see Figure 16). We compared the rehearsal and 

competition reports of anxiety for the dancers.  

A repeated-measures general linear model revealed no main effect of condition (rehearsal 

vs. competition) F (1,10) = 2.76, p = .13, p
2 = .22), indicating that, on average, the context 

accounted for about 22% of the explainable variance in state anxiety but did not reach 

conventional significance.  

In contrast, there was a large main effect of time, F(2,20) = 20.49, p < .001, p
2 = .67), 

showing that nearly two-thirds of the explainable variance in state anxiety was attributable to 

changes across the three timepoints. The condition × time interaction was small and non-
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significant, F(2,20) = .91, p = .42, p
2 = .08, indicating similar temporal patterns in rehearsal and 

competition.   

Follow-up paired t-tests collapsing across conditions showed a medium decrease in 

anxiety from pre-performance to immediately after performing t(21) = 2.21, p = .04, d = .47, and 

a medium-to-large decrease from immediately after to post-performance t(21) = 3.15, p = .005,  

d = .67. The overall change from pre-performance to post-performance was large t(21) = 4.60,  

p = <.001, d = .98, indicating nearly a one standard deviation reduction in state anxiety across 

the performance period (see Figure 16). 

Physiological Anxiety: Salivary Cortisol (sCort)   

Salivary cortisol is often used as a measure of the HPA axis, which indicates a stress 

reaction or response. Cortisol levels are highest upon awakening and gradually decline as the day 

progresses until the lowest level is reached at bedtime. There are no fixed norms for cortisol as 

individuals vary greatly due to a multitude of factors, time of day, and activity. For context, the 

50th percentile salivary cortisol concentration range from midday to evening is between 2.3 

nmol/UL–0.07 nmol/UL. The 95th salivary cortisol concentration range from midday to evening 

is between 8.3 nmol/UL–2.4 nmol/UL.   

A repeated-measures general linear model was computed to examine the effects of two 

conditions (rehearsal compared to competition) X three times (pre, IA, post-performance) on 

salivary cortisol levels, and showed very large effects of both condition and time. The main 

effect of condition was substantial, F(1,9) = 44.20, p = < .001, p
2 = .83, indicating that context 

alone explained over 80% of the explainable variance in cortisol levels. The main effect of time 

was also large, F(1, 18) = 19.91, p = < 0.001, p
2  =  .69. Most importantly, there was a strong 
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condition X time interaction, F(2,18) = 27.75, p. = <0.001, p
2  = .76, demonstrating markedly 

different cortisol trajectories in rehearsal versus competition (see Figure 17). 

Baseline cortisol (pre-performance) was comparable across conditions (rehearsals:  

M = 5.39, SD = 2.57, and competitions: M = 5.97, SD = 3.22). The between-condition effect  

at baseline was minimal t(9) = -0.48, p = 0.64, d = -.15. During rehearsal, cortisol showed  

only small fluctuations, with a modest decrease from pre-performance to immediately after  

(M = 4.64, SD = 1.83), followed by a slight rebound post-performance (M = 6.05, SD = 3.75).  

In competition, however, cortisol tripled from baseline to immediately after performance  

(M = 18.35, SD = 8.06) and remained highly elevated post-performance (M = 18.44, SD = 4.46). 

(see Figure 17).   

The between-condition differences at these latter timepoints were very large: immediately 

after performing, t(9) = -5.91, p < .001, d = -1.87, and post-performance, t(9) = -8.19, p < .001,  

d = -2.60. These effect sizes indicated differences of nearly two to three standard deviations 

between competition and rehearsal, reflecting a robust, competition-specific activation of the 

HPA axis immediately after performance that persisted at least 20 minutes past the performance 

time. 

With respect to diurnal norms, rehearsal collections occurred 12–13 hours after 

awakening, with mean cortisol values exceeding the typical 95th percentile range for that time 

band (2.4–8.3 nmol/UL). During competition, most dancers (n = 8) provided samples 4–6 hours 

after awakening, with cortisol values generally elevated above the 50th percentile, but below the 

95th percentile, while two dancers sampled at 10–12 hours after awakening showed values above 

the 95th percentile. 
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Physiological Anxiety: Salivary Alpha Amylase (sAA)   

Salivary alpha amylase (sAA) is very susceptible to rapid fluctuations caused by 

momentary stress levels and is often used as a proxy to measure the fast-acting arm of the 

autonomic nervous system (SAM). There are no standard norms for sAA. However, a diurnal 

pattern is known to exist; a dip occurs about 30 minutes after awakening (M = 25 [U/ml]), then 

sAA rises (M = 60 [U/ml]), followed by a leveling off (Out et al., 2013). 

A repeated-measures general linear model was computed to examine the effects of two 

conditions (rehearsal compared to competition) X three times (pre, IA, post-performance) on 

sAA. Results revealed a large main effect of condition, F(1,9) = 8.56, p = 0.02, p
2 = .49), 

indicating that nearly half of the explainable variance in sAA was due to rehearsal versus 

competition. Time and the condition × time interaction showed medium but non-significant 

effects (time: F(1,9) = 3.19, p = 0.07, p
2 = .26); interaction: F(2,18) = 2.78, p = 0.09, p

2 = .24), 

suggesting that temporal changes may differ between conditions but with less certainty than for 

cortisol.  

Across all three timepoints, the rehearsal condition showed marked elevation in sAA.  

The sAA increased from baseline (M = 46.95, SD = 33.11) to immediately after performance  

(M = 92.74, SD = 71.71) and then decreased slightly post-performance (M = 54.10, SD = 54.10) 

but remained above baseline (see Figure 18). In contrast, during competition, sAA levels 

remained stable across timepoints, with pre-performance (M = 43.36, SD = 35.44) immediately 

after performance (M = 51.04, SD = 43.39) and post-performance (M = 41.91, SD = 35.08).   

Follow-up paired-sample t-tests were then conducted to examine differences between  

the rehearsal and competition conditions at each time point. Results suggested a trivial pre-

performance sAA levels difference between conditions, t(9) = 0.32, p = .76, d = .10, but 
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medium-to-large effects at the later timepoints. Immediately after performing, rehearsal sAA was 

substantially higher than competition, t(9) = 2.40, p = 0.04, d  = .76; by post-performance, this 

difference was large, t(9) = 3.14, p = 0.01, d = .99.  

Dance rehearsal salivary collection occurred within 12–13 hours after wakening for all 

the dancers, a period when sAA is typically leveling off. As depicted in Table 1, dancers’ sAA 

averages are below the average above pre performance, above the average immediately after, 

then slightly below the average post-performance. Competition salivary collection times 

occurred within 4–6 hours of awakening for most dancers (n = 8); and within 10–12 hours for 

two dancers. Reference values for this range would be between 40–60 (U/ml) and all dancers 

were within this range. Notably, large standard deviations were present indicating variability 

between subjects, which was consistent with previous literature. 

Overall, the results suggested that self-reported anxiety aligned with cortisol measures.  

In contrast, self-reported anxiety did not align with sAA. We conducted Pearson’s correlation 

analyses to examine the relationship between behavioral Anxiety (STAI5-S) and physiological 

anxiety (sCort and sAA). During rehearsal, anxiety indices were strongly associated (see Table 

6). Higher cortisol was associated with higher self-reported state anxiety (positive relationship), 

r(8) = 0.71, p = 0 .02 (large effect size). A negative correlation was observed between sCort and 

sAA (r(8) = -0.77, p = 0.01), as well as between sAA and STAI5-S (r(8) = -0.69, p = 0.03), both 

indicating large effect sizes. Together, these correlations indicated that in rehearsal, dancers who 

felt more anxious showed a consistent physiological profile characterized by elevated cortisol  

(as expected) and a reduced sAA (unexpected finding). In competition, no correlations reached 

statistical significance, although a moderate positive association between cortisol and state 

anxiety was observed, suggesting that these two measures can be reliably used together to depict 
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anxiety levels in natural settings (see Table 7). For sAA, there was a consistent absence of 

systematic coupling with self-reported anxiety and cortisol levels, suggesting that sAA nature 

and magnitude may be capturing different aspects of physiology in the natural settings. Given 

this result, sAA may not be the best metric at this time to measure PA in highly skilled 

adolescent dancers.  

Dance Performance During Rehearsal and Competition 

Judges in dance competitions often rate dancers on technique (body alignment), spacing 

in ensemble performances, and synchronicity (timing). Therefore, this study sought to rate and 

study these categories systematically as well. 

Dancers were highly experienced and had on average 10.73 (SD = 3.96) years of dance 

experience and 7.27 (SD = 3.1333) years of experience in competitions. In this study, we 

measured dance performance based on the errors dancers made in three domains: alignment, 

timing, and spacing.  

In Phase 2, no intervention, mean alignment errors in rehearsals were 11.55 (SD = 19.80), 

whereas for the competition condition, mean alignment errors were 4.36 (SD = 3.04) (see Figure 

19). Mean timing errors in rehearsal were 29.10 (SD = 35.57); in competition, mean timing 

errors were 23.73 (SD = 20.77). Mean spacing errors in rehearsal were 1.18 (SD = 1.78) (see 

Figure 20). Mean competition spacing errors were 2.82 (SD = 2.75) (see Figure 21). 

A sample-paired t-test showed no significant differences in alignment, t (10) = 1.33,  

p = 0.21, d = .40. However, numerically, alignment errors were significantly lower in 

competition, resulting in a small-to-medium effect size, which suggested that with a larger 

sample size, these differences may be significant. No significant difference was revealed in 

timing, t (10) = 0.09, p = 0.39, d = .27, and the effect was small. For spacing, the pattern 
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reversed: Competition showed more spacing errors than rehearsal, t (10) = -2.14, p = 0.06,  

d = -.64, with a medium-to-large effect trending toward significance (see Figure 21). Overall, 

performance quality was broadly comparable between conditions, with the largest behavioral 

difference emerging in spacing accuracy during competition.  

The Association Between Anxiety and Performance Errors  

To determine if a relationship in the rehearsal condition was present between behavioral 

(STAI5-S) and physiological anxiety (sCort and sAA) and dance performance errors (alignment, 

timing, spacing), Pearson’s correlations were computed (see Table 8). Results showed that no 

relationships were found between anxiety and performance errors in the rehearsal conditions.   

To determine if a relationship in the competition condition was present between 

behavioral (STAI5-S) and physiological anxiety (sCort and sAA) and dance performance errors 

(alignment, timing, spacing), Pearson’s correlations were computed. Results showed there was 

no significant relationship between anxiety and performance errors, although some low to 

moderate associations were observed (see Table 9). 

Preliminary Efficacy of Breathing Intervention on Performance Anxiety 

Prior to Phase 3 (intervention), dancers were taught two breathing interventions and 

given the option to select their preferred breathing technique during the intervention. Due to the 

team schedule, dancers had approximately 4 weeks between Phases 2 and 3. During this time, 

dancers had the time to utilize the intervention, with most dancers reporting practice. In Phase 3, 

dancers performed the intervention at a rehearsal prior to a full-out, and they performed the 

intervention at a live competition. The typical flow of a dance competition is such that dancers 

are called to the practice mat about 10 minutes before their performance. They are given  

5 minutes to warm up. Then they transition backstage and wait (about 2–3 minutes) to be called 
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onto the stage to perform. After performing, they gather backstage with the coach to debrief  

the performance. They then transition back to their private holding area. The timing of the 

intervention was designed to fit into both the rehearsal and competition flow and was as follows 

for both conditions: The first round of the intervention was scheduled just prior to the practice 

mat, the second round occurred just prior to taking the stage, the third round occurred 

immediately after their performance after their debrief, the fourth round occurred 10 minutes 

later at their holding area, and the final round took place 10 minutes after. Data collection 

occurred 20 minutes before the performance (pre = - 20), immediately after performing  

(IA = immediately after) and 20 minutes after performing (post = + 20). 

Behavioral Anxiety (STAI5-S) 

A repeated-measures general linear model was conducted to examine the effects of  

2 phases (no intervention/intervention) X 2 conditions (rehearsal/competition) X 3 timepoints 

(pre, IA, post) on anxiety (STAI5-S).   

The main effect for phase (no intervention/intervention) was not significant [F(1, 10) = 

0.97, p = .35, p
2 =.00], and the effect size was trivial, indicating that the breathing intervention 

did not meaningfully alter self-reported anxiety. However, there was a main effect for condition 

(rehearsal/competition), F(1, 10) = 5.02, p = .05, p
2 =.33) and significant main effects for 

timepoint (pre, IA, post), F(2, 20) = 16.57, p = < .001, p
2 = .62). There were no two-way or 

three-way interactions observed.  

Across conditions and timepoints, dancers reported slightly higher anxiety during 

rehearsals (M = 6.53, SD = 1.77) than during competitions (M = 6.17, SD = 1.22). However, this 

difference corresponded to only a small standardized mean difference (paired t (65) = 1.98,  

p = .05, d = .24), suggesting that the practical impact of context on reported anxiety was limited. 
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The largest effects were observed for time (F(2,20) = 16.57, p < .001, ηp² = .62), with 

nearly two-thirds of the explainable variance in anxiety attributable to change across the 

performance period. Controlling for phase (intervention vs. no intervention) and condition 

(rehearsal vs. competition), anxiety was moderately higher 20 minutes before the performance 

(M = 7.18, SD = 1.72) than immediately after the performance (M = 6.36, SD = 1.43), with  

t(43) = 3.30, p = .002, d = 0.50. Anxiety continued to decline by 20 minutes post-performance, 

with medium-to-large effects relative to earlier timepoints, t(43) = 4.30, p < .001, d ≈ 0.65–0.97; 

(see Figure 22).  

Physiological Anxiety (Cortisol, sCort)  

A repeated-measures general linear model was conducted to examine the effects of  

2 phases (no intervention/intervention) X 2 conditions (rehearsal/competition) X 3 timepoints 

(pre, IA, post) on salivary cortisol levels (sCort). No significant impact of the intervention on the 

cortisol levels was found F(1, 9) = .13, p = .72, p
2 = .02. In contrast, the condition effect was 

extremely large F(1, 9) = 64.26, p = < .001, p
2  = .88, indicating that cortisol levels were on 

average higher in competition (M = 15.01, SD = 9.46) than in the rehearsal condition (M = 5.64, 

SD = 3.20), yielding a very large standardized mean difference, t(59) = -8.12, p = <.001,  

d = -1.05 ). Thus, the performance context alone accounted for the vast majority of explainable 

variance in cortisol. 

In addition, there was also a significant main effect of time [F(1,9) = 6.0, p = .037]. On 

average, cortisol was the lowest 20 minutes before the performance (M = 6.42, SD = 3.59), rose 

substantially at performance (M = 11.42, SD = 8.70), and continued to increase 20 minutes after 

the performance (M = 13.14, SD = 10.23). All paired t tests were significant at p < .05, consistent 

with at least moderate within-subject changes (see Figure 23).  
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There was an interaction between condition and timepoint, indicating that these temporal 

changes were driven by the competition condition. Dancers’ cortisol levels started low, were 

similar on average levels during rehearsal and competitions. But in the competition condition, 

they significantly increased during the performance and continued to increase 20 minutes after 

the performance. By contrast, in rehearsals, dancers’ cortisol levels did not change over time. 

Physiological Anxiety (Salivary Alpha Amylase)  

A repeated-measures general linear model was conducted to examine the effects of  

2 phases (no intervention/intervention) X 2 conditions (rehearsal/competition) X 3 timepoints 

(pre, IA, post) on salivary alpha amylase (sAA). Results revealed no effects of the intervention 

[F(1,9) = 0.92, p = .36, p
2 =.09], no main effects for condition (rehearsal/competition) [F(1,9) = 

2.79, p = .13, p
2 =.24], or no main effects for timepoint [F(1,9) = 3.10, p = .07,p

2 =.26]. 

However, the effect sizes for condition and time were in the medium range, suggesting that with 

a larger sample size, we might observe effects of condition and time. There was an interaction 

between phase and condition [F(1,9) = 7.88, p = .02, p
2 =.47] with a large effect size, 

suggesting that the impact of the intervention differed by setting. In rehearsal, sAA was elevated 

immediately after the performance and remained high 20 minutes later in the no intervention 

phase. When the intervention was implemented, 20-minute post-performance sAA in rehearsal 

was substantially reduced, from M = 77.52, SD = 54.10 without the intervention to M = 51.35, 

SD = 29.95 with the intervention with paired t(9) = 2.68, p =.03, d = .84 (large effect size) (see 

Figure 24). 

Preliminary Efficacy of Breathing Intervention on Dance Performance  

In competitions, dancers are often evaluated on specific categories like alignment, timing, 

and spacing. The typical flow of a dance competition is such that dancers are called to the 
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practice mat about 10–15 minutes before their performance. They are given 5 minutes to warm 

up. Then they transition backstage and wait to be called onto the stage to perform. The 

interventions were scheduled just prior to the practice mat and just prior to taking the stage.  

Alignment Errors  

Descriptive statistics were calculated for alignment errors across phases (no intervention 

and intervention) in two conditions (rehearsal and competition). Alignment errors during the  

no intervention rehearsal were substantial (M = 5.70, SD = 4.19) and decreased to M = 3.80,  

SD = 2.53, which was the lowest across all conditions. During intervention, alignment errors 

were the highest during rehearsal (M = 6.50, SD = 5.34) and reduced during competition  

(M = 4.30, SD = 3.37; see Figure 25). 

A repeated-measures general linear model was conducted to examine the differences in 

alignment errors across the no intervention/intervention phases and the rehearsal/competition 

condition. Results, with all confidence intervals set to 95% and significance level to p < .05, 

indicated that the main effect for phase was not significant, F(1,9) = 0.40, p = .545, p
2 = .04. 

The main effect of condition was not significant, F(1,9) = 3.40, p = .10, p
2 = .25, although a 

sizable effect was noted. The interaction effect between phase and condition was also not 

significant, F(1,9) = 0.20, p = .89, p
2 = .002. These results suggested alignment errors did not 

differ significantly across rehearsals and competitions or between intervention phases.   

Timing Errors  

Descriptive statistics were calculated for timing errors across phases (no intervention and 

intervention) in two conditions (rehearsal and competition). Mean timing errors were the lowest 

during the intervention competition (M = 24.70, SD = 29.68) and highest during intervention 

rehearsal (M = 33.80, SD = 37.88). Timing errors during the no intervention phases were similar 
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across conditions (rehearsal: M = 27.70, SD = 36.69, competition: M = 24.80, SD = 21.57; see 

Figure 26). 

A repeated-measures general linear model was conducted to examine the differences in 

spacing errors across the no intervention/intervention phases and the rehearsal/competition 

conditions. Results, with all confidence intervals set to 95% and significance level to p < .05, 

indicated that the main effect for phase was not significant, F(1,9) = 0.44, p = .52, p
2 = .05. The 

main effect of condition was not significant, F(1,9) = 1.28, p = .29, p
2 = .12; however, effect 

size was medium to large. The interaction effect between phase and condition was also not 

significant, F(1,9) = 0.60, p = .46, p
2 = .06. These results suggested timing errors did not differ 

significantly across rehearsals and competitions or between intervention phases.  

Spacing Errors  

Descriptive statistics were calculated for spacing errors across phases (no intervention 

and intervention) in two conditions (rehearsal and competition). Mean spacing errors were the 

lowest during the no intervention rehearsal (M = 1.30, SD = 1.83) and highest during no 

intervention competition (M = 3.10, SD = 2.73). Spacing errors were nearly the same in 

rehearsals without and with intervention (M = 1.60, SD = 1.96). However, spacing errors 

decreased under the intervention competition condition (M = 2.60, SD = 3.66; see Figure 27). 

A repeated-measures general linear model was conducted to examine the differences in 

spacing errors across the no intervention/intervention phases and the rehearsal/competition 

conditions. Results, with all confidence intervals set to 95% and significance level to p < .05, 

revealed the main effect of phase was not significant, F(1,9) = 0.02, p = .90, p
2 = .03. The main 

effect of condition was not significant, F(1,9) = 3.50, p = .09, p
2 = .28; however, a large effect 
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size was present. The interaction effect between phase and condition was also not significant, 

F(1.9) = 0.25, p = .63, p
2 = .03.    
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Chapter 5: Discussion   

This study aimed to examine the feasibility of measuring behavioral (STAI5-S) and 

physiological (sCort, sAA) indicators of performance anxiety (PA), as well as the preliminary 

efficacy of short breathing interventions on anxiety and dance performance in highly skilled 

adolescent dancers in a natural setting. We found that both the measurement tools and the 

breathwork interventions were deemed appropriate, acceptable, and feasible by both dancers and 

coaches. When exploring behavioral anxiety, dancers reported more anxiety during rehearsals 

than during competitions. Cortisol levels were higher in competitions compared to rehearsals, 

particularly immediately after and post-performance. Conversely, salivary alpha amylase was 

higher in rehearsals immediately after and post-performance. Regarding performance errors, 

dancers’ rehearsals and competitions were comparable in terms of alignment, timing, and 

spacing errors, with only a trend toward more spacing errors during competitions. Overall, the 

results suggested self-reported rehearsal anxiety aligned with cortisol measures. In contrast, self-

reported rehearsal anxiety did not align with sAA measurements. Regarding actual dancer 

performance, we found no relationship between anxiety and performance errors in rehearsals. 

Similarly, in the competition, no relationship between anxiety and performance errors was 

observed. Once the intervention was introduced, dancers reported more anxiety in rehearsals 

versus competitions; regardless of condition, anxiety was more pronounced prior to performing, 

then declined immediately after, and continued to drop post-performance. Cortisol levels were 

significantly higher in competitions, increased with time, and did not change with breathwork. 

With breathwork, salivary alpha amylase dropped in rehearsals immediately after and post-

performance. The intervention did not impact alignment, timing, or spacing in rehearsals  

or competitions.  
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Measuring Performance Anxiety in Natural Settings  

We found dancers felt the measurement tools were acceptable, appropriate, and feasible. 

The coaches echoed similar responses, also indicating favorable acceptability, appropriateness, 

and measurement feasibility. A multitude of studies have utilized several versions of the STAI in 

laboratory settings, simulating musical performance contexts, academic settings, virtual reality 

drills, and various sporting events (Bing-Canar et al., 2016; Capranica et al., 2012; Dillard et al., 

2023; Guyon et al., 2020; Magnon et al., 2021). The short form STAI, comprised of six 

questions, was administered to participants who were university students, concurrently as 

biomarkers sAA and SigA at 30 minutes and 5 minutes prior and 5 minutes and 30 minutes  

post an active shooter drill (Dillard et al., 2023). Results found subjects reported less anxiety  

30 minutes post compared to 5 minutes post, indicating recovery. While studies generally  

took anxiety measures before and sometimes after an event, no previous work has taken 

measurements at three specific timepoints (pre, immediately after, post), concurrently with 

physiological measurements designed to map the anxiety and recovery, and explored 

relationships to movement outcomes in a natural setting with dancers. Furthermore, studies often 

reported anxiety (STAI5-S) means, but reference ranges were not provided to help readers 

interpret anxiety levels of subjects.    

Previous literature found the STAI5-S to be sensitive to situation-specific fluctuations in 

moment-moment anxiety; in the present study, the STAI5-S was indeed able to detect anxiety 

differences across time (Rossi & Pourtois, 2012). 

This study employed salivary cortisol and alpha amylase as a means to assess 

physiological anxiety. A large number of studies has used similar methods to assess the HPA and 

SAM axis activation in athletic events, controlled laboratory experiments, academic settings, and 
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simulated public speaking scenarios (Capranica et al., 2012; De Pero et al., 2021; Dillard et al., 

2023; Graham et al., 2023; Lautenbach et al., 2018; Merx & Wolf, 2015; Monasterio et al., 2016; 

Vrijen et al., 2018). The measurement times of cortisol and alpha amylase varied greatly across 

studies; some studies collected saliva samples pre, immediately after, post, on control days, days 

apart, weeks apart, and so on. In this study, we attempted to capture baseline levels of anxiety, 

peak levels, and as much of the recovery arc as was possible, given the natural of rehearsal and 

competition contexts and strict testing regime consisting of no food or water. Previous literature 

has suggested sAA peaks 11–20 minutes and then drops quickly in 20–30 minutes (Dickerson & 

Kemeny, 2004). Cortisol is known to peak more slowly and later, about 20 minutes following the 

stressor, and persists anywhere from 20–40 minutes, sometimes up to 60 minutes, depending on 

characteristics such as controllability and social evaluative threats (Dickerson & Kemeny, 2004). 

We were able to collect measures 20–30 minutes prior to performing, immediately after, and  

22–47 minutes post-performance, thus adhering to our protocol and suggested testing times. 

However, if in the future longer post-performance measurements are desired, accommodations to 

have dancers hydrate could occur, but care must be taken to let 30–60 minutes elapse prior to 

saliva collection. In addition, due to the expenses associated with materials and lab testing, a 

funding source would need to be considered and obtained. 

Feasibility of Breathing Interventions  

Before and After a Dancer Performance in a Natural Setting  

 

This intervention was teachable, and dancers were able to perform box breathing and 

extended exhales independently. Dancers had the opportunity to implement and practice the 

breathing styles at both rehearsals and competition prior to data collection. We opted to select a 

shorter duration intervention due to the structure of competitions where dancers move between 

practice/warm-up areas and backstage and only have several minutes in between transitions. 
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Dancers indicated the intervention was appropriate, acceptable, and feasible. Further analysis 

discovered that dancers and coaches appreciated having an option of breathing styles to select 

from, although a stronger preference emerged for boxed breathing. Dancers communicated other 

individual preferences in addition to style of breathing. For instance, some dancers felt the 

duration “felt rushed,” while others commented “two minutes felt too long.” Overall, the dancers 

did report the intervention was “helpful,” gave them a “safe space,” and fit into their rehearsal 

and competition structure. The variation in responses speaks to individual preferences, which 

should be considered in future study designs. 

Literature has shown a wide range of effective breathwork styles, including alternate 

nostril breathing, bellows breath, many iterations of slow deep breathing, fast breathing, 

extended exhales, longer inhales, and box breathing (Balban et al., 2023; Telles et al., 2013; 

Twal et al., 2016). In addition to a multitude of styles, various duration and dosages exist in  

the literature. For instance, some studies utilized one single breath, while other studies had 

participants perform breathing interventions ranging from 2–5 minutes and others ranged from 

5–20 minutes (Balasubramanian et al., 2015; Buchanan & Janelle, 2021; Lin et al., 2014; 

Magnon et al., 2021; Röttiger et al, 2021; Su et al., 2010; Vlemnicx et al., 2016). Breathing 

styles and durations have been compared in previous literature. For example, it was discovered 

that box breathing was superior to extended exhales at eliciting a parasympathetic nervous 

response, whereas extended exhales were more effective during active coping, which diverts 

attention away from a stressor (Röttiger et al., 2021). Balban et al. (2023) compared three 

breathing styles, performed for 5 minutes each, and found that all breathwork styles compared to 

mindfulness meditation had a significant improvement in respiratory rate; in particular, extended 

exhales (referred to as cyclic sighing) produced the overall highest improvement in positive 
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affect. We selected two styles that were found to be effective in eliciting a parasympathetic 

response and easy to perform given the hectic context. Further, we opted to select a breathwork 

duration that would not interrupt the natural flow of rehearsals and adhere to the strict time 

constraints of competitions. 

Coaches had an overall positive perspective regarding the intervention and reported 

breathwork will be explored as an add-on to future practices. The collective positive behavioral 

and physiological responses from both coaches and dancers aligned with previous research. 

Work with ballet dancers revealed that dancers often utilize breathing techniques as a coping 

strategy to lessen performance anxiety (Walker & Nordin-Bates, 2010). Raymond et al. (2005) 

compared neurofeedback versus HRV—both of which were techniques anchored by deep 

breathing—to a no intervention group. It was revealed that both the neurofeedback and HRV 

group had significant differences in dance performance compared to the control group. This 

result supported that activating the parasympathetic nervous system is plausible and beneficial  

to dance performance. However, despite overall positive dancer and coach perspectives, some 

dancers did decline to participate in this study due to logistics, refraining from eating or drinking 

prior to saliva collection, parental input, and underlying diagnoses and treatment for anxiety.  

It has been suggested that faster return to baseline levels of stress hormones is beneficial 

for recovery and causes less of an allostatic load or wear and tear in the body (Wulsin et al., 

2018). To date, only one published study has employed a pre (5 minutes before) and post-

performance (5 minutes after) breathing intervention and compared findings to a control group 

(Dillard et al., 2023). Researchers found that following a virtual reality active shooter drill, the 

control group (engaged in normal breathing) had significantly higher levels of sAA and SIgA 

(secretory immunoglobulin), especially at the 5-mintue post drill mark. Therefore, this current 
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dance study sought to incorporate post-performance breathing intervention in a natural setting to 

aid dancers in returning to baseline levels of cortisol and sAA.    

While other studies in this context do exist, our findings overall demonstrated that it is 

feasible to measure behavioral and physiological anxiety via the STAI5-S and simultaneous 

salivary cortisol and alpha amylase in a natural dance rehearsal and competition context. This 

aligned with prior recommendations stating that it is feasible to use salivary testing because it is 

noninvasive in various settings like schools, communities, and social contexts (Granger et al., 

2012). Further, previous literature points to the validity of simultaneous testing of cortisol and 

alpha amylase in real-life scenarios as both can reliably measure the sympathetic nervous system 

and HPA axis activity (Strahler et al., 2017). While sAA is very sensitive to moment-to-moment 

naturalistic stressors, cortisol, albeit feasible as well, is more variable and susceptible to time of 

day, and peaks can lag substantially after a stressor has ended, particularly if one were awaiting 

results from judges. Breathwork interventions have been implemented successfully in athletic 

(sky diving, taekwondo, base jumping, soccer) and performance (music, ballet, ballroom 

dancing) contexts and can reduce behavioral and physiological anxiety. However, the literature is 

heterogeneous regarding breathwork technique, dosage, and duration. Taken together, our data 

supported the feasibility of both behavioral and physiological anxiety measures and, in context, 

breathwork during high-stakes dance rehearsals and competitions. However, care must be 

exercised to plan timing, protocol adherence, collection procedures, and sample handling. 

 Performance Anxiety During Rehearsal and Competition  

This study investigated the impact of rehearsal and competition conditions on dancers’ 

behavioral and physiological PA. Dancers’ self-reported anxiety did not surpass the established 

cut-off score (8/20) on the STAI5-S in either rehearsals or competitions (Zsido et al., 2020). 



98 

However, further analysis revealed reported behavioral PA in dancers significantly decreased 

over time. State anxiety started high before performing, dropped somewhat immediately after 

performing, and was at its lowest level 20 minutes post-performance. This pattern was consistent 

across both the rehearsal and competition conditions, although the competition showed a steeper 

drop-off in state anxiety levels. This finding aligned with previous studies, which identified 

anticipatory anxiety prior to a dance competition (Rohleder et al., 2007). Similar results have 

been found in other evaluative scenarios, such as written exams and presentations, which have 

been shown to raise STAI scores prior to performance versus the same timepoints on control 

days (Graham et al., 2023; Metz & Wolf, 2015).   

While no statistical differences were found between conditions, observing the large effect 

size suggested that condition played a role in anxiety, such that rehearsals were more anxiety-

provoking compared to competitions. This finding diverged from most literature, which 

emphasized increased psychological anxiety during competitions, particularly in the hours 

preceding the actual start of the competition (Aliberti et al., 2023; Guyon et al., 2020; Rohleder 

et al., 2007).  

It is possible that in rehearsals, dancers may feel hyper-scrutinized by coaches, 

instructors, and choreographers as they are given continuous feedback, often with movement 

corrections. Perhaps some dancers might interpret feedback as negative, and this may have 

impacted their self-confidence, thereby increasing their rehearsal anxiety levels. In addition, if 

dancers did not perform optimally, they could potentially have been pulled from a competition 

and been an “alternate” dancer, one who learns and rehearses the routines and is in costume but 

does not dance on competition day. Therefore, rehearsals may feel more evaluative and have 

higher direct consequences to the individual dancers, compared to a more indirect team 
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evaluation as experienced in a competition. Moreover, competitions have a clear schedule, 

structure, and endpoint, whereas rehearsals tend to be more free-form, open-ended, and 

prolonged. Therefore, this prolonged nature of rehearsals might produce more anxiety. Next, one 

must consider the phenomenon of stage fright, in which the anticipation of the event and feeling 

of uncontrollability often elicits greater anxiety than the actual performance itself (Struder et al., 

2011; Walker & Nordin-Bates, 2010). Perhaps dancers feel that rehearsals are an extended 

preparatory phase, which increases their anticipatory anxiety and leads to stage fright during the 

rehearsals. During public compared to private performances, some dancers experience a state of 

flow or an intense experimental involvement due to an audience that is associated with less 

anxiety (Clegg & Clements, 2024; Guyon et al., 2022). This flow state may not have occurred in 

a rehearsal because there was no live audience, whereas in competitions, an audience is present, 

which could potentially explain why competitions have garnered lower reports of state anxiety. 

Competitions might be viewed as a challenge to overcome, rather than a debilitating event, and 

may indirectly be viewed as less anxiety-provoking (Lautenbach & Lobinger, 2018).  

The timing of the STAI5-S might have broadly captured anticipatory anxiety at the 

rehearsals, whereas competition day measurements might have reflected a post-performance 

sense of relief that the competition is done and the season has just ended. 

Overall, while most previous studies have emphasized increases in reported anxiety in 

competitions or with an audience present, our findings suggested that the rehearsals may provoke 

greater state anxiety (Aliberti et al., 2024; Guyon et al., 2020; Rohleder et al., 2007). This points 

to the importance of viewing rehearsals as a distinct evaluative environment, one that sustains 

anticipatory anxiety, emphasizes uncontrollability, and may lack the flow state triggered in live 

performances.  
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In terms of physiological performance anxiety in rehearsal and competition conditions 

(Phase 2, no intervention), cortisol findings were as follows: In the rehearsal, cortisol dipped 

immediately after performing, then rose slightly, but not to a level of significance. During the 

competition, cortisol spiked dramatically, to a level three times from baseline immediately after 

performance, and remained elevated 20 minutes post-performance. This was consistent with a 

previous study which found cortisol levels were significantly higher on oral presentation days 

and increased over time, compared to control day (Merz & Wolf, 2015). Similarly, well-trained 

rowers experienced the same cortisol response curve and increased levels immediately after and 

20 minutes post-race, regardless of the time of day (Kallen et al., 2017). Homing in on dance, 

competitive ballroom style dancers reported substantial increases in salivary cortisol on 

competition vs. non-competition days about 6 hours prior to scheduled performances and with a 

return to baseline occurring about 6 hours post competition (Rohleder et al., 2007). Rohleder et 

al. (2007) further found increases in cortisol were not attributed to physical exertion required for 

dance; rather, they tied the increase to the social evaluative context of the competition. Next, our 

findings aligned with work by Capranica et al. (2012), who reported significantly elevated 

cortisol during Taekwondo competitions compared to trainings, with progressive increases in 

concentrations across timepoints. In addition, other field studies observed higher cortisol levels 

on competition days, compared to training days, and a significant rise from pre-post-match 

echoing our temporal increases (Lautenbach et al., 2018). In addition, cortisol awakening 

response was elevated on competition days vs. training and remained elevated for 2 days post-

race day, suggesting recovery times can be prolonged (Kallen et al., 2017). In a somewhat 

similar study design, Teamgym, which consisted of three consecutive activities (tumbling, 

trampette, floor exercise), highly skilled athletes collected saliva samples 30 minutes pre-
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performance, immediately after each activity, then again 10 and 30 minutes post-performance on 

a rest day, training day, and competition day (De Pero et al., 2021). Results found higher salivary 

cortisol in trainings compared to competitions. Authors cited participants had just completed an 

intensive 10-day training period, which may have influenced their findings. As well, no observed 

exercise-induced cortisol rise was found in this study. 

Our results showed a different finding; cortisol was higher during competitions. This 

elevated cortisol response could be attributed to several factors. It is known that uncontrollable 

social evaluative conditions cause persistent cortisol elevation up to 60 minutes post stressor 

(Dickerson & Kemeny, 2004). In this dance competition, dancers were tested prior to 60 minutes 

due to logistics and dancers needing to hydrate. Additionally, it is imperative to point out dancers 

were awaiting their results from judges; therefore, while the physical stress of dancing had 

abated, the psychosocial stress was still ongoing. It is possible that dancers have accommodated 

to the stress load at rehearsals, and perhaps we saw a blunted cortisol response. Similar findings 

were seen in a study which compared elite female basketball players and sedentary controls. As 

early as the second day of training, the diurnal cortisol secretion pattern reversed, showing higher 

cortisol in the evening as opposed to the morning (Sanchez et al., 2021). 

Salivary alpha amylase levels were higher in rehearsals compared to competitions, 

significantly so immediately after performing, although large standard deviations were found 

between dancers, which is common when comparing individual differences (Out et al., 2013). 

Other studies have also found a sharp increase after performance. For example, in two youth 

Taekwondo matches, athletes demonstrated higher measurable post-performance sAA levels 

(Capranica et al., 2012). 
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Our results offered some contrasting results when comparing rehearsals to competitions. 

For instance, team gymnasts were found to have higher sAA levels at competitions rather than 

trainings; however, we uncovered the opposite: Rehearsals resulted in higher sAA concentrations 

(De Pero et al., 2021). Interestingly, pre competition sAA was the lowest of all the measurements 

taken, again contrasting previous literature emphasizing pre-competitive anxiety (Aliberti et al., 

2024).   

A noteworthy finding emerged in this study. When taking all three variables together, 

dancers reported subclinical levels of behavioral anxiety, yet their physiology demonstrated a 

measurable response to anxiety in both rehearsals and competitions. Cortisol was above the 

“normal” concentration range in rehearsals and competitions. Salivary alpha amylase was 

similarly above the reported typical range in the rehearsal. Our correlations results suggested 

self-reported anxiety aligned with cortisol measures. In contrast, self-reported anxiety did not 

align with sAA. This dissonance warrants additional study.    

We did find a negative correlation between cortisol and alpha amylase. The literature is 

mixed on this topic as studies have both supported and contrasted this finding. For example, 

Maruyama et al. (2012) measured sAA and cortisol during the Trier Social Stress Test (TSST) 

clinical dental setting in which oral healing was examined, a positive correlation did exist 

between cortisol and sAA only in acute phases of healing, not the later phases (Mansour et al., 

2023). In a review by Chaturvedi et al. (2018), mixed results were found between positive and 

negative correlations. Therefore, it is possible that in some circumstances, cortisol works in 

synch with sAA, while in other scenarios it does not. At this point in time, it is unknown how the 

type, timing, and magnitude of stress affects the cortisol and sAA coupling. 
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Overall, due to the rise in cortisol in all time timepoints and conditions, our results 

supported that cortisol collected in a natural environment tracks stress-related activation patterns 

when sampling is timed to coincide with anxiety-provoking events, such as a competition 

(Granger et al., 2012). In addition, studies showed that acute performance (basketball), 

regardless of training or competition status, increase sAA (Bruzda-Zwierzch et al., 2017). 

However, it is imperative to understand the nuanced findings in both biomarker patterns because 

they are so heavily influenced by context, time of day, sport type, presence of an audience, 

recovery time, and the like, and this will help us to better serve our clients.    

We did not find statistically significant differences in performance errors in alignment  

or timing relative to rehearsal or competitions. Self-reported rehearsal anxiety was positively 

associated with cortisol, while self-reported anxiety was negatively associated with sAA. This 

negative correlation was an unexpected finding warranting further investigation. No associations 

among reported anxiety and physiological measures were found in competitions. As stated 

earlier, the dancers’ experience level and inherent nature of self-reporting may have influenced 

how dancers perceived their own stress levels and reported same. Lastly, rehearsal sAA 

negatively correlated with cortisol. Contrary to expectations, sAA and sCort were negatively 

rather than positively correlated. This pattern, however, was consistent with previous works  

from Mansour et al. (2023) and Maruyama et al. (2012), which showed that chronic or repeated 

exposure to anxiety-provoking situations can decouple the SAM response and HPA axis 

markers. Dancers participating in this study were observed throughout and at the end of a month-

long training and competition season, during which chronic training, cumulative performance 

stress may alter cortisol response while maintaining SAM activity. This dysregulated stress-

system response could have caused inverse correlations. There could be other factors 
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contributing to this negative sAA and sCort relationship such as temporal factors; sAA peaks 

immediately after an event and returns to baseline about 20 minutes post. Cortisol has a delayed 

response time, which is especially evident in psychosocial stressors (the TSST) (Maruyama et 

al., 2012). This same study found that different types of stressors produce different responses. 

sAA was found to stay the same with both electrical shock and the TSST, whereas cortisol had a 

higher response to the TSST compared to electrical shock (Maruyama et al., 2012). Therefore, 

sAA could be returning to baseline, while cortisol is still rising due to the social evaluative 

nature of rehearsals and competitions, where eliminations, feedback, and judging are ongoing 

even after dancing has ended. Finally, there could be unknown factors attributing to this inverse 

relationship between sAA and sCort. 

The Association Between Anxiety and Performance Errors  

We examined anxiety and performance errors (alignment, timing, and spacing) and found 

no significant relationships. This contrasted with much of the literature, which suggested that 

anxiety is indeed related to outcomes. For example, Taekwondo athletes who reported lower 

stress levels had more wins (Heydari et al., 2022). Similarly, in another Taekwondo study, 

athletes who had higher cortisol during combat scored more points, but athletes who had higher 

cortisol before the match scored lower points (Lautenbach et al., 2018). Archery athletes who 

reported higher cognitive anxiety and had higher sAA levels demonstrated decreased game 

records (Lim, 2016). In a study of dancesport, pre-competition anxiety, 30–50 minutes before 

competing, influenced performance outcomes, and in particular, a dancer’s self-confidence 

moderated dance outcomes (Aliberti et al., 2024). There could be potential reasons why these 

dancers did not succumb to their anxiety. It is possible that their skill level and experience with 

competitions might be of benefit to their performance outcomes.   
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Preliminary Efficacy of Breathing Intervention on Performance Anxiety 

The breathing intervention did not significantly change behavioral anxiety. In the 

intervention phase, cortisol rose across timepoints in both rehearsals and competitions, and it was 

found to be significantly higher in the competition condition. While the intervention did not 

produce a statistically significant difference between the no intervention and intervention phases, 

if one examined the rate of change immediately after performing in the competition, cortisol 

jumped to 226.6% beyond baseline. However, at the same timepoint in the intervention 

condition, cortisol increased by only 52.1%. This suggested that the intervention may reduce  

the spike in cortisol immediately after performing in competition conditions. 

The breathing intervention appeared to produce only a significant difference in sAA in 

rehearsal conditions, specifically immediately after and post-performance. This interaction may 

indicate that breathwork may have a recovery effect during rehearsals, but not necessarily in 

competitive settings. Dillard et al. (2023) did align with our findings that post-performance 

breathwork alters sAA concentrations. 

Results of this study largely did align with other studies that found breathing 

interventions ranged from as short as one breath to as long as 20 minutes, producing statistically 

significant behavioral and physiological outcomes (Balasubmaranian et al., 2015; Vlemincx et 

al., 2016). Specifically, a single 2-minute session of slow-paced breathing found that individuals 

with traffic-related traumatic injuries experienced notable improvements in HRV and reduced 

psychological stress (Pozzato et al., 2025). Lin et al. (2014) experimented with various 

inhale/exhale ratios, and results demonstrated that, again, a single 2-minute session of equal 

inhale/exhale ratios (box breathing) produced alterations in HRV and improved reports of 

subjective relaxation.   
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In terms of not seeing consistent differences between no intervention/intervention at the 

other timepoints and conditions, it has been suggested that breathing durations less than 5 

minutes are less reliable in producing changes, unless interventions are structured, guided, and 

repeated (Bentley et al., 2023). Dancers in this study did have the opportunity to practice and 

repeat the intervention in rehearsals and high-stakes competitions, most of whom reported 

practicing. The intervention was guided, but only at sample collection times for one rehearsal 

and one competition. Care was taken to structure the breathwork the same, including the dancer 

line-up, seated position, instructional language, and metronome use. The 2-minute cycles were 

repeated for multiple rounds: 2 prior to dancing and 3 post. Therefore, it is plausible that ultra 

short breathwork, single breath sessions of less than 5 minutes, might produce sympathetic 

nervous system shifts as seen in sAA, but in order to see cortisol shifts, sessions may need to be 

longer and repeated more times, or measurement timepoints might need to be extended further 

into the post-performance period to capture recovery, perhaps a home measurement.  

Preliminary Efficacy of Breathing Intervention on Dance Performance  

Specific dance performance outcomes (alignment, timing, spacing) did not worsen or 

improve following the intervention; however, medium to large effect sizes were present in all 

performance categories of alignment, timing, and spacing. This might be attributed to a small 

sample size and statistical underpowering; therefore, with a potentially larger sample size, results 

may show differences. Nonetheless, this finding aligned with the literature, which emphasized 

that interventions may not always translate into measurable performance outcomes (Niering et 

al., 2023). When looking specifically at performing artists (musicians), interventions aimed at 

reducing psychological stress have shown promise, but performance quality improvements were 

not found (Braden et al., 2015). This contrasted with other studies, which cited performance 
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improvements following breathwork. For instance, Azemi et al. (2021) explored the use of box 

breathing (4 weeks, 3 times per week) on the accuracy of penalty kicks and found significant 

differences on the Penalty Precision Kick Test. Yadav and Mutha (2016) found that 30 minutes 

of breathwork improved motor learning on a pencil-and-paper motor task. Similarly, Telles et al. 

(2013) showed that 10 minutes of breathwork reduced blood pressure and performance on the 

Purdue Pegboard. The previously mentioned studies, which saw changes in performance, 

consisted of longer-duration breathwork. It is possible that short-duration breathwork, less than  

5 minutes—as seen in Lin et al. (2014), Vlemnicx et al. (2016), Buchanan and Janelle (2022), 

and Kurth et al. (2020)—may lower anxiety in laboratory settings, but not in high-stakes natural 

environments.  

Lastly, it is worth mentioning that while measurable performance alterations were not 

statistically noted, previous literature points to the deleterious effects chronic stress has on 

overall health. Repeated and increased stress (cortisol activation) on the body puts individuals at 

risk for developing diabetes, obesity, cardiovascular diseases, and chronic inflammation, all of 

which are harmful and have negative health outcomes (Wulsin et al., 2018). In addition, cortisol 

helps encode fear-based memories, which could impact one’s appraisal of various contexts, 

leading to increased anxiety in future performance situations (Hannibal & Bishop, 2014). 

Specific to performing artists, previous literature has demonstrated that musicians with  

elevated anxiety developed focal dystonia 10 years earlier than others with lesser anxiety and 

perfectionism (Ioannou et al., 2016). Specific to dance, studies have documented a relationship 

among stress, burnout, impaired health, increased sick days, and absenteeism from training 

(Dwarika & Haraldsen, 2023; Nicholas & Grafenauer, 2023). Taken together, these findings 
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suggested that chronic stress both worsens performer well-being and may contribute to earlier 

onset movement disorders. 

Limitations 

This was a convenience sample consisting of 11 highly trained dancers with experience 

in dance and competitions, which may limit generalizability beyond the participants in this study; 

other types of exercise or sports conditions; or other performing arts like music, theater, and 

singing. The small sample size may have restricted the ability to detect smaller physiological 

effects, especially for cortisol. Recruiting dancers from one particular studio may be limiting. 

Our demographics highlighted the group's homogeneity in terms of socioeconomic status and 

parental marital status.   

Natural rehearsal and competition environments may improve ecological validity, but 

they do pose limitations. For example, rehearsal and competition times could not be adjusted  

at all. Therefore, the sAA and sCort levels may have been impacted by the time of day when 

collections occurred. Other considerations like the studio and physical competition spaces could 

have impacted dancer anxiety and errors. The performance pressure and interpersonal dynamics 

of the team are other factors which could easily influence adolescent anxiety levels. The self-

report nature of the STAI5-S and other questionnaires, which capture subjective anxiety and 

opinions, are influenced by social desirability, dancer perfectionism, and any moment-to-

moment internal issue (hunger, pain) and appraisal, including factors unrelated to dance 

performance (school pressures, social concerns, etc.). In addition, the cumulative training load 

could have influenced anxiety and performance errors. 

Both cortisol and salivary alpha amylase, while able to detect fluctuations, are susceptible 

to salivary flow rate, cumulative physical exertion, and other individual variations. Cortisol is 
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known to have a delayed response time, relative to a stressor and an intervention, which created 

methodological limitations because the sampling times for this particular study could not have 

been extended.   

The short length of the breathing intervention, which was intentionally selected due to  

the natural flow of rehearsals and particularly competitions, may have been insufficient to affect 

HPA axis activity reliably. The dancers were taught the intervention weeks ahead of data 

collection, and all but one dancer reported practicing. However, breathwork was not part of their 

daily trainings. Therefore, they did not have the opportunity to form a habit, nor did we have the 

opportunity to detect any longer-term impacts on physiology. Furthermore, if we wanted to 

capture chronic adaptation of the HPA axis, we would have needed multiple days of saliva 

samples. Expanding the study timeline will help capture longitudinal outcomes, i.e., burnout, 

improving training load tolerance, or enhancing performance consistency over time. Lastly, 

exploring individual moderator variability, such as dancer cortisol levels, from awakening 

onward, perfectionism traits, and interoceptive sensitivity might be beneficial.  

Future Directions 

In the future, multiple-day ultra-short repetitions in rehearsals leading up to the 

competitions might produce stronger intervention effects on the sAA and sCort axis. Embedding 

breathwork as part of the regular training program might make the breathing interventions more 

familiar and automatic to dancers. In addition, incorporating an active control group would allow 

us to examine other types of interventions, perhaps visualization or body scans, and better 

pinpoint breathwork’s contribution. Next, extending the sampling time to include a fourth or fifth 

collection time post-performance would enhance the study design and capture recovery more 

fully. To accommodate the dancers’ need to hydrate, dancers could give the post sample at 20 
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minutes, then drink water, reset the clock for 30 minutes, and take another sample. This could be 

repeated for whatever duration the study design called for and funding supported. Cortisol and 

alpha amylase were the main physiological measures employed in study, with alpha amylase 

yielding unexpected results. It may be helpful to expand physiological measures, such as HRV, 

respiratory rates, or some allowable non-movement-interfering wearable (patch, ring). Lastly, if 

possible, utilizing more technology-based performance measures like motion captures or 

computer-assisted analysis might prove beneficial and less time-burdensome on coaches who are 

manually rating dancers. 

Implications 

These findings have important implications for individuals who work with dancers. It is 

imperative to know that both dance rehearsals and competitions are anxiety-inducing contexts. 

Dancers may not be able to discern they are feeling anxious, but their physiology, albeit variable, 

is reacting as such. We now know that dancers and coaches are amenable to breathwork 

interventions, and dancers might benefit from having a zero-cost tool available to them in social 

evaluative contexts where anxiety is known to rise.   

Research demonstrates that short-duration breathwork interventions are significantly 

associated with reductions in perceived stress, anxiety, depression, and with markers attributed to 

improved autonomic nervous system regulation and enhanced parasympathetic activity (HRV) 

(Balban et al., 2023; Finchman et al., 2023). Mindfulness interventions, encompassing 

breathwork, align with the American Occupational Therapy Association’s Occupational  

Therapy Practice Frameworks: Domain and Process, and have been integrated into physical 

rehabilitation practices (Hardison & Roll, 2016). Within the occupational therapy mental health 

scope of practice, breathwork directly fits with occupational therapy’s holistic, client-focused, 
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and occupation-centered framework supporting self-regulation skills that are requisite to 

participation in meaningful activities. Findings from this present study extended this evidence 

and demonstrate that dancers’ rate of breathwork is feasible and they reported experiencing 

anxiety more so during rehearsals in anticipation of competitions, thereby underscoring 

rehearsals as a behaviorally and physiologically demanding occupational context. Although the 

interventions had high implementation outcomes, these scores did not translate to alterations  

in salivary cortisol or decreases in errors during actual dance performances. However, the 

breathwork interventions were associated with significantly lower alpha amylase levels during 

rehearsals following performance, compared to the non-intervention phase, suggesting reduced 

sympathetic nervous system activity. From an occupational therapy standpoint, these findings 

supported utilizing breathwork as a context-embedded, client-centered, self-regulation strategy 

that may be integrated into daily routines to promote emotional regulation, stress management 

and recovery, and long-term engagement in performance anxiety-provoking occupations—all of 

which are core goals for occupational therapy mental health practice. 
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Tables and Figures 

Table 1  

 

Mean Salivary Alpha Amylase (U/ml) Ranges  

 

Wake-up 35 (U/ml) 

30 min since awakening  25 (U/ml) 

4 hours since awakening 50 (U/ml) 

6 hours since awakening 60 (U/ml) 

8 hours since awakening 60 (U/ml) 

10 hours since awakening 60 (U/ml) 

12 hours since awakening 60 (U/ml) 
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Table 2 

 

Cortisol Concentration Ranges for Females Ages 11–20 

 

Hours Since Awakening  5th Percentile 50th Percentile 95th Percentile 

6 Hours  0.7 2.3 8.3 

8.5 Hours 0.4 1.5 5.3 

11.0 Hours 0.3 1.1 3.8 

13.5 Hours 0.2 0.8 2.9 

16 Hours 0.2 0.7 2.4 

 

Note: Percentile of diurnal salivary cortisol concentrations at various hours after awakening at 

7:00 a.m., for ages 11–20 (adapted from Miller et al., 2016). 
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Table 3 

 

Dancer Demographics  

 

Characteristic 
Frequency 

N (%) 

Gender 

  Male 

  Female 

 

0 

11 (100%) 

Race/Ethnicity  

  American Indian/Alaskan Native 

  Asian/Pacific Islander  

  Black/African American  

  South Asian/Indian    

  White, not Hispanic Origin  

  Hispanic  

  Other 

  Choose not to answer  

 

 

3 (27%) 

1(9%) 

 

4 (36%) 

 

3 (27%) 

 

Parents Marital Status 

  Married 

  Single 

 

11(100%) 

0 (0%) 

Mother’s Education 

  High school degree 

  Some college 

  College degree 

  Graduate degree 

 

 

 

9 (81%) 

2 (18%) 

Father’s Education  

  High school degree 

  Some college 

  College degree 

  Graduate degree 

 

1(9%) 

1(9%) 

6 (55%) 

3 (27%) 

Household Income   

  $5,000-$100,000 (collapsed)  

  Greater than $100,000 

  Choose not to answer 

 

0% 

6 (55%) 

5 (45%) 
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Table 4  

 

Coach Demographics 

 

Characteristic 
Frequency| 

N (%) 

Gender 

  Male 

  Female 

 

0 

4 (100%) 

Race/Ethnicity  

  American Indian/Alaskan Native 

  Asian/Pacific Islander  

  Black/African American  

  South Asian/Indian    

  White, not Hispanic Origin  

  Hispanic  

  Other 

  Choose not to answer  

 

 

 

 

 

 

1 (25%) 

2 (50%) 

1 (25%) 

Marital Status 

  Married 

  Single 

 

2 (50%) 

2 (50%) 

Education 

  High school degree 

  Some college 

  College degree 

  Graduate degree 

 

 

 

3 (75%) 

1 (25%) 

Household Income   

  $5,000-$75,000 (collapsed) 

  $80,000-$85,000 

  $85,000-$90,000 

  $95,000-$100,000 

  Greater than $100,000 

  Choose not to answer  

 

0% 
1(25%) 

 
 

1 (25%) 

2 (50%) 
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Table 5 

 

Researcher Perspective Feasibility Outcomes (Based on Ormond & Cohn, 2015) 

 

Feasibility 

Objective 

Guiding 

Question 
Result Outcome/Plan 

Recruitment 

capability and 

sample 

characteristics 

Can participants 

be identified 

and recruited, 

and do they 

represent the 

target 

population? 

Dancers: 11/15 varsity 

dancers (73%) and 2/15 JV 

dancers (13%) consented. 

JV recruitment limited due 

to injury, illness, and 

scheduling conflicts.  

Coaches: 4/4 coaches 

consented (100%). 

🟨  Outcome: Partially 

feasible – strong varsity 

recruitment; limited JV 

participation.  

Plan: Add research 

assistant to focus upon 

the JV team. Post 

recruitment flyer  

on social media for 

dancers. Open 

recruitment to associated 

choreographers and other 

coaches within the UDA 

organization to limit time 

burden on coaches. 

Data collection 

procedures and 

outcome 

measures 

Are data 

collection 

methods and 

instruments 

appropriate, 

acceptable, and 

feasible? 

Dancers: All 88 

questionnaires and 120 

saliva samples completed 

and analyzed successfully. 

Minor timing variations 

(±5 minutes). Excellent 

compliance and sample 

integrity. Coaches: All 66 

Performance Error Surveys 

were returned. 4/4 coaches 

retuned completed 

demographics. 3 out of 4 

coaches returned all 2 

feasibility questionnaires. 

One coach submitted 1 of 2 

feasibility questionnaires, 

resulting in one missing 

survey. It took a significant 

amount of time to get the 

Performance Error Surveys 

back from the coaches.  

🟨  Outcome: Partially 

Feasible – All 

Performance Error 

Surveys returned. 

Significant data 

collection achieved, 

minus one coach’s 

specific intervention 

questionnaire. In sum, 

285/286 questionnaires 

and outcome measures 

returned. Plan: In future, 

meet and do consent, 

demographics, then  

meet again for the final 

surveys. Consider 

collapsing questionnaires 

to one page since they are 

short.  
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Table 5 (continued) 

 

Feasibility 

Objective 

Guiding 

Question 
Result Outcome/Plan 

Acceptability  

of the study 

procedures and 

intervention   

Do participants 

find the 

procedures and 

intervention 

acceptable? 

 

 

 

 

 

 

Dancers: Participants were 

compliant and motivated. 

Scheduling conflicts arose 

during holidays and peak 

training. Some complaints 

of difficulty abstaining 

from water post-

performance. Coaches: 

Coaches were eager to try 

the intervention to reduce 

dancer anxiety. 

🟨  Outcome: Partially 

Feasible – participants 

accepted procedures with 

minor challenges. 

Plan: Give dancers 

options again for 

interventions (expand). 

Expand testing window, 

reset clock for water 

restriction. 

Resource and 

study 

management 

issues 

Are resources 

(time, 

personnel, 

space, 

equipment) 

adequate? 

Single researcher could not 

oversee JV and varsity 

simultaneously. Labeling, 

packaging, shipping and 

lab storage successful but 

costly. 

🟨  Outcome: Partially 

feasible – resources 

sufficient but stretched. 

Plan: Consider funding 

options, additional 

grants. 

Preliminary 

evaluation of 

participant 

responses 

Are there  

signs that the 

intervention 

may lead to 

intended 

outcomes? 

Dancers: Participants 

adhered to instructions; 

minimal missing data  

(1 injury). No procedural 

issues or biospecimen 

contamination. 

 

Coaches: Positive 

feedback from coaches  

and plans to adopt into 

rehearsals  

🟩  Feasible – strong 

engagement supports 

moving to a larger study. 
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Table 6 

 

Correlations Among Behavioral Anxiety Measures (STAI5-S) and  

Physiological Measures of Anxiety (sCort and sAA) During Rehearsals 

 

Variable  1. sCort 2. sAA 3. STAI5-S 

1. sCort -   

2. sAA -.77** -  

3.  STAI5-S .71* -.70* - 

 

*p < .05. **p < .01 
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Table 7 

 

Correlations Among Behavioral Anxiety Measures (STAI5-S) and  

Physiological Measures of Anxiety (sCort and sAA) During Competitions    

  

Variable  1. sCort 2. sAA 3. STAI5-S 

1. sCort -   

2. sAA -.15 -  

3.  STAI5-S .56 -.35 - 

 

*p < .05. **p < .01 
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Table 8 

 

Correlations Between Anxiety Measures and Dance Performance Errors in Rehearsals   

  

Variable 
1. NI 

Alignment 

2. NI 

Timing 

3. NI 

Spacing 

4. NI 

sCort 

5. NI 

sAA 

6. NI 

STAI5-S 

1.NI Alignment -      

2. NI Timing .16 -     

3. NI Spacing  -.27 .67* -    

4. NI sCort .38 .19 -.33 -   

5. NI sAA -.370 .12 .30 -.77** -  

6. NI STAI5-S -.10 -.26 -.25 .71* -.69 - 

 

*p < .05. **p < .01 
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Table 9 

 

Correlations Between Anxiety Measures and Dance Performance Errors in Competitions   

 

Variable 
1. NI 

Alignment 

2. NI 

Timing 

3. NI 

Spacing 

4. NI 

sCort 

5. NI 

sAA 

6. NI 

STAI5-S 

1.NI Alignment -      

2.NI Timing .00 -     

3.NI Spacing  .70* .38 -    

4.NI sCort -.12 .16 .29 -   

5.NI sAA .53 .16 .10 -.15 -  

6.NI STAI5-S .24 -.19 -.37 .56 .35 - 

 

*p < .05. **p < .01 
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Figure 1  

Framework 

 

 
 

Note. 1. The task routine is the choreographed routine in rehearsal and competition.  

2. Affordances: The dancer perceives and acts the routine through affordances.   

3. Prior experience and traits but, most importantly, dance performance anxiety influence the 

dancer’s routine.  

4. Breathwork is the intervention to improve dance performance and performance anxiety.   
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Figure 2 

 

Adaptive Stress Response to Stressors   
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Figure 3 

Maladaptive Stress Response to Stressors  
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Figure 4  

Study Timeline 
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Figure 5  

Study Design  
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Figure 6  

Study Measures 
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Figure 7 

 

Intervention Instructions  
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Figure 8 

 

Study Measures and Intervention Timepoints 
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Figure 9 

 

Dancers’ Mean Scores for Acceptability of Measure (AIM), Intervention of Appropriateness 

Measure (IAM), and Feasibility of Intervention Measure (FIM)  

 

 
 

Note. This figure depicts dancers’ average scores for the three implementation outcomes 

(acceptability, appropriateness, feasibility) for the anxiety measurement tools (STAI5-S, salivary 

cortisol, salivary amylase). 
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Figure 10 

 

Mean Feasibility Scores of Measurement Tools from Coaches  

 

 
 

Note. This figure depicts coaches’ average scores for the three implementation outcomes 

(acceptability, appropriateness, feasibility) for the intervention (box breathing and extended 

exhales). 
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Figure 11 

 

Dancers’ Preferred Breathing Intervention  

 

 
 

Note. This figure depicts the preferred breathing styles selected by dancers. 

 

  

Preferred Breathing Intervention 

Box Breathing Extended Exhales
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Figure 12 

 

Dancers’ Mean Scores for Acceptability of Measure (AIM), Intervention of Appropriateness 

Measure (IAM), and Feasibility of Intervention Measure (FIM)  

 

 
 

Note. This figure depicts dancers’ average scores for the three implementation outcomes 

(acceptability, appropriateness, feasibility) for the intervention (box breathing and extended 

exhales). 
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Figure 13 

 

Mean Scores of Intervention-Specific Questions from Dancers  

 

 
 

Note. This figure depicts dancers’ average scores for researcher-developed questions pertaining 

to the intervention.   
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Figure 14 

 

Mean Scores for Intervention-Specific Questions from Coaches  

 

 
 

Note. This figure depicts coaches’ average scores for researcher-developed questions pertaining 

to the intervention 
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Figure 15 

 

Mean Scores of Dancer Trait Anxiety  

 

 
 

Note. This table depicts the raw score (dots) each dancer scored on the STAI-T. Dashed lines 

represent -/+ 1 and 2 standard deviations from the mean score (solid red line) provided by the 

original assessment developer.    
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Figure 16 

 

Mean Scores of Dancer Anxiety in the No Intervention Conditions  

 

 
 

Note: Dark blue dashed lines represent average anxiety levels in rehearsal and competition in 

three timepoints: Pre = 20 minutes before performance, IA = immediately after performance, 

Post = 20 minutes after performance. Red dashed lines indicate the elevated anxiety value 

suggested in literature.    
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Figure 17 

 

Mean Salivary Cortisol Concentrations for Dancers in No Intervention Rehearsal  

and Competition Conditions  

 

 
 

Note. This graph represents average physiological anxiety (cortisol) levels in Phase 2,  

no intervention. The timepoints are as follows: Pre = 20 minutes before performance,  

IA = immediately after performance, Post = 20 minutes after performance.   
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Figure 18 

 

Average Salivary Alpha Amylase Concentrations for Dancers  

 

 
 

Note. This graph represents average physiological anxiety (sAA) levels in Phase 2, no 

intervention. The timepoints are as follows: Pre = 20 minutes before performance,  

IA = immediately after performance, Post = 20 minutes after performance.   
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Figure 19  

 

Average Alignment Errors in No Intervention Rehearsal and Competition  
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Figure 20 

 

Average Timing Errors in No Intervention Rehearsal and Competition  
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Figure 21 

 

Average Spacing Errors in No Intervention Rehearsal and Competition  
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Figure 22 

 

Behavioral Anxiety (STAI5-S) Across All Conditions and Timepoints  

 

 
 

Note. This graph represents average behavioral anxiety (STAI5-S) levels in all four conditions 

and three timepoints. The dark blue lines indicate no intervention condition: NIR = no 

intervention rehearsal, NIC = no intervention competition. The maroon lines indicate the 

intervention condition: IR = intervention rehearsal, IC = intervention competition. The 

timepoints are as follows: Pre = 20 minutes before performance, IA = immediately after 

performance, Post = 20 minutes after performance.   
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Figure 23 

 

Physiological Anxiety (sCORT) Across All Conditions and Timepoints  

 

 
 

Note. This graph represents average anxiety (Cortisol) levels in all four conditions and three 

timepoints. The dark blue lines indicate no intervention condition: NIR = no intervention 

rehearsal, NIC = no intervention competition. The maroon lines indicate the intervention 

condition: IR = intervention rehearsal, IC = intervention competition. The timepoints are as 

follows: Pre = 20 minutes before performance, IA = immediately after performance, Post =  

20 minutes after performance.   
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Figure 24 

 

Physiological Anxiety (sAA) Across All Conditions and Timepoints  

 

 
 

Note. This graph represents average anxiety (sAA) levels in all four conditions and three 

timepoints. The dark blue lines indicate no intervention condition: NIR = no intervention 

rehearsal, NIC = no intervention competition. The maroon lines indicate the intervention 

condition: IR = intervention rehearsal, IC = intervention competition. The timepoints are as 

follows: Pre = 20 minutes before performance, IA = immediately after performance, Post =  

20 minutes after performance.   
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Figure 25 

 

Mean Alignment Errors in All Conditions  

 

 
 

Note. This graph represents average alignment errors in all four conditions. The conditions are as 

follows: NIR = no intervention rehearsal, NIC = no intervention competition, IR = intervention 

rehearsal, IC = intervention competition.     
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Figure 26 

 

Mean Timing Errors in All Conditions  

 

 
 

Note. This graph represents average timing errors in all four conditions. The conditions are as 

follows: NIR = no intervention rehearsal, NIC = no intervention competition, IR = intervention 

rehearsal, IC = intervention competition. 
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Figure 27 

 

Mean Spacing Errors in All Conditions  

 

 
 

Note. This graph represents average spacing errors in all four conditions. The conditions are as 

follows: NIR = no intervention rehearsal, NIC = no intervention competition, IR = intervention 

rehearsal, IC = intervention competition.     
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Appendix A 

 

Medical History 

 
The following are questions to ascertain the participants’ medical history.  Questions will 
be asked and recorded by the investigator over a scheduled Zoom meeting 
 
ID Number: 
              
 
Date of Interview: 
              
 
DOB: 
              
 
Age: 
              
 
Height: 
              
 
Weight: 
              
 
Last Menstrual Period: 
              
 
 
Chronic medical conditions? (Injuries, sprains, fractures, cancer, asthma, dermatitis, 
psoriasis, allergic rhinitis, chronic pain, diabetes, hypertension, oral diseases) 
             
             
             
             
              
 
Last dental appointment?   
             
              
How many times per day do you brush? 
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How many times per day do you floss? 
             
              
 
Medications? 
             
              
Last Vaccine and Date? 
             
              
  
Do you smoke? 
             
              
Do you consume alcohol? 
             
              
 
Do you participate in any physical activity outside of dance, and dance mandated gym 
classes?   
             
              
 
Has this schedule changed since your enrollment in the study?  
             
              
 
What time do you typically wake up? 
             
              
 
What time do you go to sleep? 
             
              
 
Do you have problems falling asleep, staying asleep?  
             
              
 
Do you use any devices to fall asleep or stay asleep? Apps, TV, masks, sound machine 
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Do you currently participate in any sports or exercise programs ? Which types?   

             

              

 

Have you participated in any sports or exercise programs during the dance “off season”? Which 

types?             

              

 

Will you continue dancing next season?        
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Appendix B 

 

Performance Error Survey  

 
The following are instructions and sample Performance Error Survey. 
 
You will need:  
  

 Two electronic devices to view dance videos 
 Pencil 
 The attached Performance Error Survey 
 Metronome (link provided here)  

 
Instructions   
 

 Open the link of the benchmark routine  
 Open the link for the performance video you are rating   
 Identify the dancer (ID number) you have been assigned to rate 
 Make sure ID number matches the dancer you are rating on the Performance Error 

Survey    
 Begin metronome  
 Begin playing the benchmark video, slow the video down, if needed? 
 Begin playing the performance video, slow the video down, if needed? 
 Compare dancer's performance video to the benchmark video  
 For every down beat in the routine- mark the box only if the dancer made an error 
 Alignment Error - if the dancer made an error check off which body part was out of 

shape or alignment 
 Timing Error- mark the box if the dancer is out of synch for that down beat  
 Spacing Error- mark the box if the dancer is not in the correct location of the floor  

 
Notes 

 Every downbeat has a separate chart 
 You may watch the video as many times as needed  
 You do not need to add up the errors  
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Dancer ID number:    
 

Down Beat  Alignment Error  Right Left Timing Error Spacing Error 

1           

            

Head           

            

Shoulder            

Elbow           

Wrist            

            

Upper Leg           

Knee           

Foot           

      

       
Total 
Errors   
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Appendix C 

 

Demographics 

 
The following is the Hollingshead Four Factor Index. Data will be collected during initial 
Zoom interview.  

 
Intake                                                          (researchers name)  
  
Name of Study _______                                                                                        
  
Subject#                              
  
TEST DATE   /      /         BIRTHDATE        /      /         
 
Gender M F Non Binary  
  
GRADE LEVEL      
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Dear Parents, 
  
We would like you to complete the questionnaire below. Your answers will be kept 
completely confidential, and we will not use this information for any purpose except 
for our own studies, we simply need to report a summary of anonymous responses. If 
you prefer not to answer these questions, please indicate so below.  
  
fШƽŸƨũĬШŔĬĲŰƣŔŉǃШůǃШĦőŔũĬќƚШƖċĦĲШŸƖШĲƣőŰŔĦŔƣǃШċƚа 
American Indian/Alaskan Native Asian/Pacific Islander Black/African  American  
South Asian/Indian  
White, not of Hispanic Origin  
cŔƚƓċŰŔĦШѼШfШŔĬĲŰƣŔŉǃШůǃШĦőŔũĬќƚШƖċĦĲШċƚа 
  
ӱ  American Indian/Alaskan Native  
ӱ  Asian/Pacific Islander  
ӱ  Black/African  American  
ӱ  South Asian/Indian  
ӱ  White  
ӱШ§ƣőĲƖ                                    
ӱ  I choose not to answer this question.  
ӱШ§ƣőĲƖ                                
ӱ  I choose not to answer this question.  
  
Parent Marital Status - please specify                                           
  
ÂċƖĲŰƣШ§ŰĲќƚШŸĦĦƨƓċƣŔŸŰ                      ÂċƖĲŰƣШÑƽŸќƚШŸĦĦƨƓċƣŔŸŰ                                   
  
ӱ  I choose not to answer this question.          ӱШfШĦőŸŸƚĲШŰŸƣШƣŸШċŰƚƽĲƖШƣőŔƚШƕƨĲƚƣŔŸŰЮ 
  
ÂċƖĲŰƣШ§ŰĲќƚШőŔŊőĲƚƣШũĲƻĲũШŸŉШĲĬƨĦċƣŔŸŰШĦŸůƓũĲƣĲĬ     ÂċƖĲŰƣÑƽŸƚќƚШ  
ӱ  Before H.S.                                                  ӱШ7ĲŉŸƖĲШcЮÉЮ 
ӱ  Some H.S.                                                   ӱШÉŸůĲШcЮÉЮ 
ӱ  H.S. degree                                                  ӱШcЮÉЮШĬĲŊƖĲĲ 
ӱ  Some college                                               ӱШÉŸůĲШĦŸũũĲŊĲ 
ӱ  College degree                                             ӱШ9ŸũũĲŊĲШĬĲŊƖĲĲ 
ӱ  Graduate degree                                          ӱШ]ƖċĬƨċƣĲШĬĲŊƖĲĲ 
(please specify)                                                       (please specify)                              
ӱ  I choose not to answer this question.              ӱШfШĦőŸŸƚĲШŰŸƣШƣŸШċŰƚƽĲƖШƣőŔƚШƕƨĲƚƣŔŸŰЮ 
  
9őŔũĬќƚШ]ĲŰĬĲƖа 
ӱ  Female                              ӱШ~ċũĲ 
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Household Income: Please indicate annual  
income:  
  
I choose not to answer this question            
OR 
  
a.  Under $5,000 
b. <$5,000-$10,000 
c. <$10,000-$15,000 
d. <$15,000-$20,000 
e. <$20,000-$25,000 
f.  <$25,000-$30,000 
g. <$30.000-$35,000 
h. <$35.000-$40,000 
i.   <$40.000-$45,000 
j. <$45.000-$50,000 
k.<$50.000-$55,000 
l.  <$55.000-$60,000 
m.<$60.000-$65,000 
n. <$65.000-$70,000 
o. <$70.000-$75,000 
p. <$75.000-$80,000 
q. <$80.000-$85,000 
r.  <$85.000-$90,000 
s. <$90.000-$95,000 
t.  <$95.000-$100,000 
u. Greater than $100,000 
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Appendix D 

 

Baseline Interview Questions 

  
The following are questions to ascertain the participants past experience with Mindful 
Based Interventions and dance.  Questions will be asked and recorded by the investigator 
over a scheduled Zoom meeting.  
  
ID Number:  
Interview Date and Time:  
Interviewer Name:  

cŸƽШůċŰǃШǃĲċƖƚќШĲǂƓĲƖŔĲŰĦĲ do you have dancing? 
                                                                                                                                                                                                
                                                                                                                          
 
What is your dance experience?  
                                                                                                                                                                                                
                                                                                                                                                                                    
 
How many months or years have you been in dance competitions?  
                                                                                                                                                                                                
                                            
 
Have you ever practiced any style of MBIs, Yoga, meditation, or breathwork?  
                                                                                                                                                                                                
                                            
  
If so, which type? How long was each individual session? How many total sessions did 
you complete? Who was instructing you? In person or home? Live or APP ? 
                                                                                                                                                                                                
                                            
  
Did you have a positive, negative or neutral experience with yoga, meditation, 
breathwork?  
                                                                                                                                                                                                
                                            
  
Are you practicing any MBI technique right now? During practice? Competitions?  
                                                                                                                                                                                                
                                            
 
Do you have any other anxiety reducing strategies? Anti -Anxiety or other Medications?  
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Appendix E 

 

Acceptability of Intervention Measure (AIM), Intervention Appropriateness Measure 

(IAM), and Feasibility of Intervention Measure (FIM) 

 
 

Acceptability of Intervention Measure (AIM) 

 

 
Completel

y disagree 
Disagree 

Neither 

agree nor 

disagree 
Agree 

Completel

y agree 

1. The breathing Intervention meets my 

approval. 
d e  f g h 

2. The breathing Intervention is appealing to 

me. 
d e  f g h 

3. I like breathing Intervention. d e  f g h 

4. I welcome breathing Intervention d e  f g h 

 

Intervention Appropriateness Measure (IAM) 

 

 
Completel

y disagree 
Disagree 

Neither 

agree 

nor 

disagree 

Agree 
Completel

y agree 

1. The breathing Intervention seems fitting. d e  f g h 

2. The breathing Intervention seems 

suitable. 
d e  f g h 

3. The breathing Intervention seems 

applicable. 
d e  f g h 

4. The breathing Intervention seems like a 

good match. 
d e  f g h 

 
Feasibility of Intervention Measure (FIM) 

 

 
Completel

y disagree 
Disagree 

Neither 

agree 

nor 

disagree 

Agree 
Completel

y agree 

1. The breathing Intervention seems 

implementable. 
d e  f g h 

2. The breathing Intervention seems 

possible. 
d e  f g h 

3. The breathing Intervention seems doable. d e  f g h 

4. The breathing Intervention seems easy to 

use. 
d e  f g h 
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Appendix F 

 

Intervention-Specific Questions (Dancers) 

 

 
Completely 

disagree 
Disagree 

Neither 

agree 

nor 

disagree 

Agree 
Completely 

agree 

1. The breathing intervention was the 

appropriate length   
d e  f g h 

2. The number of rounds of breathing 

intervention after performing were 

suitable 

d e  f g h 

3. The breathing intervention fit into 

my usual competition preparation and 

competition 

d e  f g h 

4. I will do the breathing intervention 

in future rehearsals and competitions 
d e  f g h 

      

5. I will recommend the breathing 

intervention to other dancers 
d e  f g h 

 
 
Are there any thoughts or recommendations related to the breathing intervention?  

             
             
              
 
 
Scoring: This is a researcher-developed questionnaire. Cut-off scores for interpretation not yet 

available; however, higher scores indicate greater acceptability, appropriateness, or feasibility.  
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Appendix G 

 

Intervention Specific Questions (Coaches) 

 

 
Completel

y disagree 
Disagree 

Neither 

agree 

nor 

disagree 

Agree 
Completel

y agree 

1. The breathing intervention was the 

appropriate length   
d e  f g h 

2. The number of rounds of breathing 

intervention after performing were 

suitable 

d e  f g h 

3. The breathing intervention fit into my 

usual competition preparation and 

competition 

d e  f g h 

4. I will do the breathing intervention in 

future rehearsals and competitions 
d e  f g h 

      

5. I will recommend the breathing 

intervention to other dancers 
d e  f g h 

 
 
Are there any thoughts or recommendations related to the breathing intervention?  

             
              
Have you had any discussion with the dancers about the breathing intervention?   

             

              
How were you able to tell if the dancers did the breathing intervention?    

             

              

Do you have a perspective on why some dancers compared to other dancers were more willing to 

participate in this study?          

              
Do you have any recommendations?         

              

 

Scoring: This is a researcher-developed questionnaire. Cut-off scores for interpretation not yet 

available; however, higher scores indicate greater acceptability, appropriateness, or feasibility.  
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Appendix H  

 

Self-Evaluation Questionnaire 
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Appendix I 

 

STAIS-5  

 
The following is a copy of the standardized State and Trait Anxiety Inventory Short version.   

ID Number: 
Date: 
Time point: -20        +20 
  
  
Please Circle :  Box Breathing           or      Cyclic Sigh 
Sitting                             or      Stand  
  
  
 Do you have an Injury? 
List any pain you are feeling in your body: 
  
  
 I feel upset. 1 2 3 4 
 I feel frightened. 1 2 3 4 
 I feel nervous. 1 2 3 4 
 I am jittery. 1 2 3 4 
 I feel confused. 1 2 3 4 
  
Key 
1- Not At All  
2-Somehwat 
3-Moderatly So 
4-Very Much 
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Appendix J 

 

Saliva Collection Questionnaire  

  
This questionnaire is filled out as follows:  Rehearsal Day to be filled out at the beginning of 

practice.  Competition Day to be filled out prior to boarding the bus. 

*Reminder  
Immediately before collection:  
No food, drink, gum, candy, etc for one hour before prior to your sample.   
No water within 30 minutes  
Do not nap once waking for the day 
  
ID: 
                                                                                                                                                            
  
Date: 
                                                                                                                                                            
  
Time: 
                                                                                                                                                            
  
Wake time AM or PM 
                                                                                                                                                            
  
Bedtime AM or PM 
                                                                                                                                                            
  
Have you had a fever of 100.5 or higher in the past three days? 
                                                                                                                                                            
  
Do you have an upper respiratory infection? (Cold, runny nose)?  
                                                                                                                                                            
  
Do you have inflammation in your mouth, cuts, canker sores, untreated cavities, 
gingivitis?  
                                                                                                                                                            
  
Do you have a salivary gland disease or disorder? 
                                                                                                                                                            
  
Please describe any issue in your mouth, list the treatment.  
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When you brush your teeth do you have bleeding? 
                                                                                                                                                            
  
Please describe.  
                                                                                                                                                            
  
Do you smoke or vape? 
                                                                                                                                                            
  
Do you use any smokeless product or nicotine product (gum, water)?  
                                                                                                                                                            
  
Please describe.  
                                                                                                                                                            
  
Does anyone in your house smoke? 
                                                                                                                                                            
  
Have you used any illicit drug (marijuana, cocaine, other) in the past 3 days?  
                                                                                                                                                            
  
Are you pregnant? Breastfeeding? 
                                                                                                                                                            
  
Date of last menstrual period?  
                                                                                                                                                            
  
Are you using the oral contraceptives (the pill, patch,)  
                                                                                                                                                            
  
Please list.  
                                                                                                                                                        
  
What medications did you take I the last 48 hours?  
                                                                                                                                                                       
  
Have you brushed your teeth in the past 2 hours?  
                                                                                                                                                            
  
Did you use mouthwash?  
                                                                                                                                                            
  
Do you have a permanent retainer in your mouth? Invisalign?  
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Have you been awake for at least four hours?  
                                                                                                                                                            
  
Did you nap today, including the bus ride?  
                                                                                                                                                            
  
Did you eat anything in the past hour?   Please list.  
                                                                                                                                                            
  
Did you have anything to drink OTHER THAN WATER in the last hour? Please List. 
                                                                                                                                                            
  
Have you used tobacco in the past 12 hours? 
                                                                                                                                                            
  
Have you engaged in rigorous exercise in the past 2 hours? 
                                                                                                                                                            
  
Have you taken any medications in the past 6 hours?  
                                                                                                                                                            
  
Have you had any caffeine today, including foods like chocolate?  
                                                                                                                                                            
  
Have you chewed gum, candy, breath mints in the last hour?  
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Appendix K 

 

Instructions Pre-Saliva Collection  

 
The following will be disseminated to at the beginning of rehearsal and competitions.     

Within one hour of saliva collection please adhere to the following instructions. 
  
No food, drink, gum, candy, etc for at least one hour prior to your saliva collection time of 
___________________.  
  
No beverages within one hour prior you your saliva collection time of ___________________. 
  
No water, candy, gum or any other product within 30 minutes of your saliva collection time 
of ___________________ 
  
*Avoid vigorous exercise 2 hours before collection time 
  
*Do not nap once waking for the day, including the bus ride 
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Appendix L 

 

Practice Log  

 

*To be administered before phase 3 data collection 

 

Have you practiced the breathing exercises?  Yes or No 

 

Which style? Boxed breathing or Extended Exhales  

 

If yes, when?   

 

Dance practice        

Dance competition (s)      

Some other time, please list     

 

 

About how many times total have you used the breathing exercise?      

 

Do you have any questions about the breathing exercises?       
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Appendix M 

 

Box Breathing and Extended Exhale Intervention Instructions  
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Appendix N 

 

Instructional Video Link for Dancers Provided by Lab   

 

https://salimetrics.com/saliva-collection-training-videos/ 

  

https://salimetrics/
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Appendix O 

 

Pilot Study  

 

 

Introduction  

Dance is a universal form of artistic expression, which necessitates technical skills to 

form desired movements, complex cognitive and neural mechanisms to plan and execute 

choreography, as well as a balanced emotional state (Bläsing et al., 2012; Miura et al., 2015; 

Xiao, 2024). Past research has elucidated that dancers are more likely to have experienced 

childhood trauma, PTSD, anxiety, eating disorders, and other emotional difficulties compared to 

other types of athletes (Thomson & Jaque, 2023). Additionally, in a large-scale study of skilled 

dancers it was reported that up to 20% of dancers were dealing with symptoms of depression, 

generalized anxiety and eating disorders (Junge & Hausechild, 2023).   

Dancers are likely to experience a particular type of anxiety—performance anxiety, 

which depending on whether the symptoms manifests as somatic or cognitive in nature and may 

be detrimental to executing a performance (Clegg & Clements, 2024; vonRosenberg, 2019; 

Walker & Nordin Bates, 2010). In particular, performance context, rehearsal or public, tends  

to cause different behavioral and physiological stress reactions, such that judged public 

performances cause greater breathing variability and self-reported anxiety, both pre- and post-

performance (Guyon et al., 2020).   

Performing under pressure, such as a judged competition, has been shown to impact 

motor dexterity. For instance, induced psychological stress decreases expert piano players’ 

synergistic finger motion, impacting multi-joint coordination and timing—both vital components 

of successful musical production (Kotani & Furuya, 2018). In another study composed of expert 

musicians, laboratory-induced stress caused muscle contraction (tensing), which would likely 

impact performance. What is more, these musicians went on to develop focal dystonia, a 

debilitating disease characterized by a lack of motor control, 10 years earlier than their 

counterparts (Ioannaou et al., 2016). Highly skilled adolescent dancers experiencing training 

fatigue and anxiety had an increase in illnesses, sick time, work disability, and a 55% higher 

dropout rate when compared to a less anxious cohort (van Die-de Vries et al., 2022).   

Adolescents and adults utilize mind body interventions (MBIs) to effectively reduce 

anxiety, foster mind shifts, and lower physiological stress reactions (Odgers et al., 2020; Pascoe 

et al., 2017; vonRosenberg, 2019). Slow breathwork, defined as controlling one’s breath, has 

been linked to promoting greater heart rate variability, respiratory sinus arrhythmia, and altering 

EEG patterns, all of which are associated with decreased stress and anxiety (Finchman et al., 

2023; Zaccaro et al., 2018).   

In stressful contexts, individuals may have a difficult time selecting which cues to focus 

on; they may appraise a situation as a threat and feel as though they lack the resources to cope 

effectively (Nieuwenhuys & Oudejans, 2017; Vine et al., 2016). Offering strategies that direct 

attention to performance-relevant cues, like the breath which lowers stress and promotes 

relaxation, might benefit performance efficacy (Beatty & Janelle, 2020).   
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It is unknown whether highly skilled dancers experience performance anxiety and 

whether this might impact overall performance quality. Furthermore, it is largely unexplored 

whether a breathing intervention might be feasible or effective in a rehearsal and high-stress 

competition.   

Study Aims 

The purpose of this pilot study was to examine the feasibility of the data collection 

procedures for the researcher, dancers, and coaches, given the situational constraints of 

rehearsals and live dance competitions. We further examined whether our measures are sensitive 

enough to support the larger study’s research questions.   

Study Questions 

1. Is it feasible to carry out the proposed procedures for Phase 1 and Phase 2 of the project?  

A. Is it feasible to recruit dancers and have them participate in the study phases? 

B. Is it feasible to recruit coaches to rate the Performance Error Survey? 

C. Is the researcher able to collect the proposed data in the naturalistic environment 

without compromising the overall study design?  

D. Are the dancers able to independently carry out saliva collection and tolerate the 

strict biospecimen collection protocols (no food or drink)?  

2. What is the impact of the dance rehearsal and competition conditions on performance 

anxiety and performance errors in highly skilled adolescents? 

Significance 

Undertaking this pilot study allowed us to examine whether we were able to recruit any 

participants willing to engage in research during a highly stressful season in their dance training. 

We are now better informed regarding the study design, data collection procedure, and type of 

outcome data we are receiving from the dancers, coaches, and laboratory. 

Literature Review 

Competitive dance has become a popular activity, commonly affected by anxiety, stress, 

arousal, self-confidence, and emotional states (Aliberti et al., 2023). When one experiences 

either psychological or physiological stress, a cascade of events occurs, called the stress 

response. There are two arms of the stress response: The sympathetic adrenomedullary system 

(SAM), that is immediately activated and releases salivary alpha amylase (sAA), which causes 

increased cardiac output, blood pressure, alertness, arousal, and vigilance. If the stressor persists, 

the longer-lasting hypothalamic pituitary adrenal axis (HPA axis) kicks on and continues to 

secrete the hormone cortisol (sCort) (Fink, 2016; Lee, 2022). Long-lasting chronic stress is 

known to cause metabolic diseases like diabetes, heart disease, and obesity, which are  

all linked to early mortality (Wulsin et al., 2018). 
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In competitive martial arts contexts, sAA and sCort have been shown to dramatically 

increase prior to a match and peak 30 minutes following (Capranica et al., 2012). Furthermore, 

with this same population, sCort was negatively correlated to performance outcomes such that  

as cortisol-increased performance deteriorated for the majority of participants and timepoints 

(Latenbach & Lobinger, 2018).  

An intervention that utilized breathwork aimed at reducing anxiety found sAA and SIgA 

(another salivary stress marker) remained steady in the intervention groups but steadily rose in 

the control group following 5 minutes of boxed breathing or an extended exhale performed 

before and after a motor task (Dillard et al., 2023).   

Conceptual Framework 

Dance is an art, sport, and form of expression comprised of intentional motor acts 

requiring observation and the ability to generate and manipulate movement characteristics like 

directionality, speed, sequence, rhythm, amplitude, timing, force, and so on (Bläsing et al., 2012; 

Cross & Ticini, 2012; Junge & Hausechild, 2023; Karpati et al., 2015). Perceiving affordances, 

or opportunities to move, consists of agency, forward-planning prospectivity, behavioral 

flexibility, and adaptability of action selection, all of which create a unique and appropriate 

framework to study dance (Adolph, 2020; Den Hartigh et al., 2018). Dance competitions and 

rehearsal in preparation for the competitions can be anxiety-provoking. Performance anxiety may 

influence behavioral adaptation and can affect the physiology of the dancers. It can impact dance 

performance and dancers’ overall health. Breathwork may provide a way to support dancers in 

regulating their anxiety levels and their performance. 

Methods 

Study Design 

This feasibility study examined the procedures to prepare for the dissertation study. We 

followed the same study design (see Figure 1). We only collected data for procedures in Phase 1 

and Phase 2 (no intervention). Physiological data metrics were collected at the same timeframes 

proposed in the original design (see Figure 2). 

Participants  

Dancers and coaches were recruited from a local dance studio. Both dancers and coaches 

were recruited by placing flyers within a performing arts studio affiliated with a private high 

school located in the New York City metropolitan area. We used the Hollingshead Four Factor 

Index for Social Economic Status to collect participant demographics (see Appendix C). 

Participants (N = 3) were all English-speaking, self-identified female dancers ages 16 and 17, 

enrolled in Grades 11 and 12 (see Table 1).  

Inclusion criteria included being highly skilled dancers and active members of a 

competing dance team. Exclusion criteria included a diagnosis of oral disease, cancer, 

cardiovascular disease, hypertension, and currently smoking. Participants were to refrain from 

food within a 60-minute window and refrain from drinking anything including water within  

30 minutes prior to saliva collection.    
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For the second set of participants, the coaches were recruited via flyers at this particular 

dance studio. Coaches affiliated with this studio were included due to their experience in 

coaching, judging, and participating in dance competitions. Coaches did not rate their own 

dancers. For instance, varsity coaches rated junior varsity dancers and vice versa. Two coaches 

consented to participate.   

Measurements   

Medical History  

An initial Zoom interview was conducted to obtain medical history, including data 

pertaining to oral health, chronic conditions, behavioral and mental health, medications, 

surgeries, injuries, smoking, vaping, drug use, exercise, and sleep/wake times. These 

aforementioned factors all impact salivary stress hormones (see Appendix B).   

Baseline Interview Questions 

Each participant was given a Baseline Interview Questionnaire (see Appendix D). The 

purpose of these questions was to ascertain participants’ past experience with mindfulness-based 

interventions, dance background, and dance competition experiences.   

Performance Anxiety Measures  

Performance Anxiety Behavioral Measures. The golden standard psychological 

assessment, The State–Trait Anxiety Inventory (STAI) was utilized to gauge stable personality 

traits (STAI-T) and transitory moment to moment anxiety (STAIS-5) (see Appendix G & H). 

Due to the naturalistic environment in which this study took place, it was predetermined that the 

reliable and valid shortened STAIS-5, consisting of 5 questions, was used (Zsido et al., 2020). 

Performance Anxiety Physiological Measures. Performance anxiety was measured by 

salivary testing as certain hormones are accepted as proxies of the stress response. For instance, 

sAA is considered a measure of the fast-acting autonomic nervous system and sCort is a measure 

of the slower-acting hypothalamic pituitary adrenal axis (HPA axis) (Granger et al., 2012; 

Stahler et al., 2017). Participants collected their own saliva samples—20 prior to a dance 

performance and competition, immediately after performing at both a rehearsal and competition, 

and then again +20 minutes later (see Appendices I, J, and M). 

Saliva Collection Questionnaire. Participants were given the Saliva Collection 

Questionnaire on the competition day. Due to the structure of instruction taking place on the 

following rehearsal day, the Saliva Collection Questionnaire could not be administered. Having 

the dancers retake the questionnaire less than 12–24 hours from the previous administration did 

not warrant interrupting their learning, which was actively occurring during rehearsal day (see 

Appendices I and J). However, acute status such as current pain, illness, and medications was 

gathered as they were add-on questions from the STAIS-5 form (as was testing timepoint and 

type of breathing exercise).   
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Dance Performance: Performance Error Survey 

Dance performance errors were captured by a researcher-developed observational tool 

assessing body alignment, timing, and spacing for each downbeat of the performance (see 

Appendix A).   

Procedure 

Consent was obtained during a Zoom interview, and then Medical History, 

Demographics, Baseline Interview Questions, and STAI-T were administered, and study 

instructions were reviewed. This study was designed to follow a timeline conducted in Phases 1 

and 2 of the overall study design (see Figure 2). For all dancers, consent and screening processes 

were completed prior to entering the study. 

The study protocol was approved by Columbia University’s Teachers College IRB, and 

informed consent was obtained from all participants. Detailed protocol follows in subsequent 

sections. 

Phase 1 

The study timeline, as shown in Figure 1, included an approximately 30-minute recorded 

Zoom interview with each participant. The purpose of this interview was to have parents and 

participants review and sign consent and assent forms, where applicable for minors. We also 

collected the Medical History Form to screen the participants’ eligibility for the study (see 

Appendix B). In addition, we collected Demographic data and the Baseline Interview 

Questionnaire pertaining to dance and competition experience and past exposure to mindfulness-

based techniques (see Appendices C and D). This information was useful in learning about  

the dancers as well as informing us as to which strategies they have used to cope with past 

performance anxiety. 

To alleviate any undue stress some may feel during medical testing procedures, an 

instructional video created by Salimetrics Lab was shown to each participant prior to the first 

collection (see Appendix L). We simultaneously watched the Salimetrics Lab-created tutorial 

and immediately after, participants practiced with an actual test kit. This step allowed 

participants to become familiar with the testing process and equipment and to ask the researcher 

any questions. These practice swabs were not sent to the lab for analysis but rather were 

discarded.   

Dance Performance: Performance Error Survey. For Phase 1, two sessions of 

rehearsals were recorded and analyzed by coaches. The purpose of collecting rehearsal dance 

performance data was to establish a baseline of dance performance errors. 

Typically, daily practices have a set format beginning with a warm-up and closing with  

3 “full-outs” of the routine. Coaches video-record all rehearsals and have a benchmark video of a 

perfectly executed routine. The final full-out of the day was recorded. The coaches shared video 

recordings of two final full-outs with this researcher. The researchers then disseminated these 

final full-out recordings to another coach with specialized training in judging dance events with 

this particular style of dance and the targeted performance category. In this particular dance 
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style, team synchronicity in timing and body shape or alignment are paramount. Multiple team 

members, and at many times the entire team, must be in the exact same position at the exact 

moment in time. Coaches rewatched and rated the performance of each dancer against the 

benchmark video; each dancer was analyzed by a dance coach, who consented to participate  

in this study and did not directly coach the particular participant. Coaches were given the 

Performance Error Survey for each dancer to complete. Each dancer was given an identification 

number listed on the respective survey. Once the coach rated the dancers assigned to them, they 

returned the survey to the researcher. The same coach rated the same dancer for the duration of 

the study. 

Phase 2: Rehearsal and Competition No Intervention. Dancers continued to 

participate in their usual rehearsal sessions and regularly scheduled competitions. In this Phase 2, 

we measured performance anxiety and dance performance in two conditions (rehearsal and 

competition) without any intervention. We measured performance anxiety utilizing behavioral 

(STAIS-5) and physiological (sAA/sCort) measures. We followed the same timeline for data 

collection in each condition (rehearsal and competition) (see Figure 2). Dance performance was 

measured by the Performance Error Survey completed by coaches. 

The timeline for data collection was as follows: 20 minutes prior to the final full-out 

performance (-20 minutes), dancers gave the first saliva sample to measure salivary alpha 

amylase and salivary cortisol (sAA/sCort) and dancers completed the STAIS-5. These times 

were recorded. They then performed their routine. The performance was recorded per usual. 

Immediately after (IA), dancers collected a second saliva sample and completed the STAIS-5. 

Twenty minutes later (+20 minutes), dancers collected saliva for a third time and completed the 

STAIS-5. 

Samples were obtained by placing a one-inch square cotton swab into the mouth and 

chewing it for 2 minutes. The swab was then inserted into a specially designed and labeled tube 

(participant ID number, date, time of collection). Saliva samples were analyzed by Salimetrics 

Lab and were properly labeled and packaged as per lab instructions, immediately placed in a lab-

provided specimen shipping box containing dry ice, and shipped back to lab on the same day for 

testing. This researcher was present to facilitate this step at each collection time. 

Once received by the lab, samples were checked in, and researchers were notified that 

samples were received frozen and undamaged. For cortisol, all samples were tested in duplicate 

and as per lab protocol:  

Samples were thawed to room temperature, vortexed, and then centrifuged for 15 minutes 

at approximately 3,000 RPM (1,500 x g) immediately before performing the assay. 

Samples were tested for salivary cortisol using a high sensitivity enzyme immunoassay 

(Cat. No. 1-3002). Sample test volume was 25 μl of saliva per determination. The assay 

has a lower limit of sensitivity of 0.007 μg/dL, a standard curve range from 0.012-3.0 

μg/dL, and an average intra-assay coefficient of variation of 4.60%, and an average inter-

assay coefficient of variation 6.00%, which meets the manufacturers’ criteria for 

accuracy and repeatability in Salivary Bioscience, and exceeds the applicable NIH 

guidelines for Enhancing Reproducibility through Rigor and Transparency. For sAA all 

samples were tested in duplicate and prior to testing, samples were stored and shipped on 
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dry ice to the Salimetrics SalivaLab (Carlsbad, CA). Samples were thawed to room 

temperature, vortexed, and then centrifuged for 15 minutes at approximately 3,500 RPM 

(1,500 x g) immediately before performing the assay. Samples were tested for salivary 

alpha-amylase using a kinetic enzyme immunoassay (Cat. No. 1-1902). Sample test 

volume was 8 μl of 200X diluted saliva per determination. The assay has a lower limit of 

sensitivity of 0.4 U/mL, samples exceeding 400 U/mL needed further dilution, an average 

intra-assay coefficient of variation of 5.47%, and an average inter-assay coefficient of 

variation of 4.7%, which meets the manufacturers’ criteria for accuracy and repeatability 

in Salivary Bioscience, and exceeds the applicable NIH guidelines for Enhancing 

Reproducibility through Rigor and Transparency. 

Samples were discarded after they were analyzed. 

Results  

Participants  

A total of three participants consented for this pilot study. Demographics are presented in 

Table 1. Two of the three dancers were in 11th grade and one was in 12th grade. Two dancers 

weighed 130 pounds, and one dancer weighed 125 pounds. One dancer was 62 cm, one was 63.5 

cm, and the other was 64 cm in height. One dancer reported no injuries, while one reported an 

old ankle sprain and elbow sprain, and the other a current hip labral tear and asthma. All dancers 

participated in the rehearsals and competitions, despite old and current injuries. One reported the 

use of an inhaler as needed. No dancer was a smoker, consumed alcohol regularly, or had a 

reported change in physical activity. Dancers reported an average 6–8 hours per sleep each night. 

Two dancers reported trouble falling asleep, and one reported no problems falling asleep; 

however, all three dancers reported the use of sleep aids such as sound machines and television 

to fall asleep. Two dancers reported 14 years of dance experience, and one dancer reported 6 

years. One dancer reported 5 years of experience in competitions, one dancer reported 6 years in 

competitions, and the third dancer reported 10 years of experience in competitions. All dancers 

reported having been trained dance team style (Pom and hip hop), among other styles. All three 

dancers reported having exposure to mind-body interventions; these included combinations of 

yoga and meditation, with one having a neutral experience and two reporting a positive 

experience. One dancer reported utilizing positive statements to team members, visualizing 

dance formations, and hugging her teammates as methods to reduce performance anxiety. One 

dancer reported utilizing breathwork and a “5 senses” meditation to combat performance anxiety. 

One dancer reported she did not use any performance anxiety techniques.  

Study Question 1: Is it feasible to carry out the proposed procedures for Phase 1 and Phase 2 of 

the project? 

A. Is it feasible to recruit dancers and have them participate in the study phases? 

A total of three dancers were recruited for this pilot feasibility study. Given the 

timeframe to complete the study and the allotted funds, this number was deemed appropriate  

for this phase, as any more participants would have taken funds away from the upcoming 
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dissertation study. These three dancers were able to participate in the attempted Phases 1 and 2, 

including the initial Zoom interview with their parents.    

B. Is it feasible to recruit coaches to rate the Performance Error Survey? 

A total of three coaches were recruited to date. Only two were needed at this time. The 

coaches stated it took approximately 30 minutes to rate a video, which was a reasonable amount 

of time. The coaches were asked for their feedback on the Performance Error Survey itself. 

There were no recommendations.  

C. Is the researcher able to collect the proposed data in the naturalistic environment without 

compromising the overall study design?  

Video recordings were obtained for rehearsals and competitions where it was expected 

that dancers would perform. One set of movement data was unavailable as a dancer was 

unexpectedly made an alternate for the competitions and, therefore, we could not go back in time 

and get corresponding rehearsal data for the routine in which she performed.    

Saliva samples were collected without incident. Actual testing times are listed in Table 2. 

Test tubes were labeled per lab instructions; samples were maintained frozen during collection 

weekends and properly shipped back and confirmed to arrive at the lab frozen and undamaged. 

The STAIS-5 was able to be administered while the dancers were collecting saliva samples (the 

swab is to remain under the tongue for 2 minutes). 

D. Are the dancers able to independently carry out saliva collection and tolerate the strict 

biospecimen collection protocols (no food or drink)?  

Dancers were compliant with the requirements to avoid food and drinking for 30 minutes 

prior to the saliva collection. However, they did state it was unpleasant to avoid drinking post-

performance. Dancers were able to follow the self-collection technique accurately, as observed 

by this investigator. All 18 samples that were sent to the lab for analysis were successfully tested.  

2. What is the impact of the dance rehearsal and competition conditions on performance anxiety 

and performance errors on highly skilled adolescents? 

This pilot study took place during the peak of the dance season, with daily intense 

rehearsals and multiple back-to-back high-stakes competitions. To assess behavioral stress, 

dancers were administered the STAIS-5 (state anxiety). To measure the fast-acting SAM 

component of the stress response, dancers provided saliva samples, which were tested for levels 

of alpha amylase. The HPA axis, or the longer-lasting stress response, was measured via salivary 

cortisol. All three data items were collected at the same timepoints—20 minutes, immediately 

after (IA), and + 20 minutes. Performances were video-recorded; at a later time, coaches who 

were affiliated with the studio but did not directly coach a dancer rated the performance 

according to the Performance Error Survey. Results by dancer are presented below. 

Below we present individual data from each of the dancers for dance performance and 

performance anxiety measures in Phases 1 and 2 of the study.  
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Dancer One 

Performance Anxiety Behavioral Measures: STAIS-5 

Dancer One reported less state anxiety during rehearsal than during competition pre-task 

(-20 min) (see Figure 3). At the IA and post-performance timepoint, state anxiety levels were 

reported as equal. This dancer was more anxious prior to the competition than she was IA and 

+20 min. At rehearsals, this dancer had the same level of anxiety. Dancer One reported an 

overall decline in self-reported anxiety, but cortisol continued to rise at the final timepoint.   

Performance Anxiety Physiological Measures: sAA 

In Phase 2, rehearsal condition—20 minutes, Dancer One presented with a mean sAA 

level of 53 and for the same timepoint during the competition condition presented with a mean 

sAA level of 27.1. In Phase 2, rehearsal IA (immediately after) the performance, Dancer One had 

a mean sAA level of 187.6, and for the timepoint during the competition condition, had a mean 

sAA level of 146.5. In Phase 2, rehearsal +20 minutes post the second saliva collection, Dancer 

One had a mean sAA level of 54.1, and for the same timepoint during the competition, had a 

mean sAA level of 45.9. Dancer One had a higher level of sAA during rehearsals at all three 

timepoints when compared to the competition condition. In timepoint -20, levels were the lowest, 

peaked immediately after performing, and then were lowering and approaching baseline at the 

final collection time.   

Performance Anxiety Physiological Measures: Cortisol (sCort) 

In Phase 2, rehearsal condition—20 minutes, Dancer One presented with a mean cortisol 

level of .088, and for the timepoint during the competition condition, presented with a mean 

cortisol level of .067. In Phase 2, rehearsal, IA (immediately after) the performance, Dancer One 

had a cortisol level of .101, and for the timepoint during the competition condition, had a cortisol 

level of .094. In Phase 2, rehearsal +20 minutes post the second saliva collection, Dancer One 

had a cortisol level of .079, and for the same timepoint during the competition condition, had a 

cortisol level of .188. 

Dancer One presented with higher levels of cortisol during the rehearsal versus the 

competition for timepoints -20 and IA. Conversely, for timepoint +20, she presented with higher 

levels of cortisol at the competition rather than at the rehearsal. This could possibly be attributed 

to awaiting results at the competition, whereas at the rehearsal there are no results or rankings 

post-performance, but rather it was observed that dancers received corrections continuously as 

they were performing. During the rehearsal condition, Dancer One began with the lowest cortisol 

level; then it rose IA performance and continued to drop to a level less than pre-performance, 

perhaps signaling that the stressful event had concluded. However, during the competition 

condition at all three timepoints, cortisol continued to increase steadily. 

Dance Performance: Performance Error Survey  

In Phase 1, at rehearsal one, Dancer One made a total of 19 alignment errors, 16 timing 

errors, and zero spacing errors. During Phase 1, at rehearsal two, Dancer One made a total of 15 

alignment errors, 15 timing errors, and zero spacing errors. In Phase Pne, rehearsal with no 
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intervention, no data were available as this dancer was called out to be an alternate and did not 

perform. In Phase 2, competition, no intervention, this dancer had 17 alignment errors, 12 timing 

errors, and zero spacing errors. 

Dancer 1 had the most alignment errors in the first rehearsal, then dropped for the second 

rehearsal, then went back up during the competition condition. Timing errors decreased from 

rehearsal one, to rehearsal two, to the competition.  

Dancer Two 

Performance Anxiety Behavioral Measures: STAIS-5 

Dancer Two self-reported less anxiety at all three timepoints during rehearsal than 

competition. This dancer reported at competition the most anxiety prior to performing, then IA a 

drop; however, then she reported an increase in anxiety +20 min post task.  

Performance Anxiety Physiological Measures: sAA 

In Phase 2, rehearsal condition, -20 minutes, Dancer Two presented with a mean sAA 

level of 79.5, and for the same timepoint during the competition condition, presented with a 

mean sAA level of 114.5. In Phase 2, rehearsal, IA (immediately after) the performance, Dancer 

Two had a mean sAA level of 146.1, and for the timepoint during the competition condition, had 

a mean sAA level of 177.1. In Phase 2, rehearsal, +20 minutes post the second saliva collection, 

Dancer Two had a mean sAA level of 79.7, and for the same timepoint during the competition 

condition, had a mean sAA level of 33.1. Dancer Two had lower sAA levels during timepoints  

-20 and IA during the rehearsal versus the competition. During the final timepoint, +20, this 

dancer had a higher mean level of sAA during the rehearsal versus the competition. When 

looking only at the rehearsals, a trend in sAA was seen, with the lowest level pre-task, peak 

immediately after, and then a decline to baseline. A similar pattern was observed during the 

competition condition, a lower average occurred for the first collection, a peak was seen 

immediately after, and then a drop occurred post task to a level less than pre task. 

Performance Anxiety Physiological Measures: Cortisol (sCort) 

In Phase 2, rehearsal condition, -20 minutes, Dancer /Two presented with a mean cortisol 

level of .083, and for the same timepoint during the competition condition, presented with a 

mean cortisol level of .072. In Phase 2, rehearsal, IA (immediately after) the performance, 

Dancer Two had a mean cortisol level of .191, and for the timepoint during the competition 

condition, had a mean cortisol level of .122. In Phase 2, rehearsal, +20 minutes post the second 

saliva collection, Dancer Two had a mean cortisol level of .387, and for the same timepoint 

during the competition condition, had a mean cortisol level of .553. Dancer Two had a similar 

pattern as Dancer One in terms of higher cortisol levels during the rehearsal condition versus the 

competition condition in -20 and IA timepoints. Then again, this dancer displayed higher cortisol 

during the competition at the final collection time +20. When looking at the cortisol level for the 

rehearsals only, a steady increase was observed. The same upward trend was observed when 

looking at the competition cortisol levels at each timepoint.   
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Dance Performance: Performance Error Survey  

In Phase 1, rehearsal one, Dancer Two made a total of 39 alignment errors, 2 timing 

errors, and 2 spacing errors. During Phase 1, at rehearsal two, Dancer Two made a total of  

34 alignment errors, 10 timing errors, and 2 spacing errors. In Phase 1, rehearsal with no 

intervention, Dancer Two made a total of 34 alignment errors, 3 timing errors, and 1 spacing 

error. In Phase 2, competition, no intervention, this dancer had 56 alignment errors, 4 timing 

errors, and zero spacing errors. Dancer Two had a decrease in alignment errors in the Phase 1 

rehearsal one to Phase 1 rehearsal two. The number of alignment errors stayed the same in Phase 

2 rehearsal no intervention, but then increased in Phase 2 competition with no intervention. The 

number of timing errors across conditions was variable. The number of spacing errors did 

decrease across conditions. 

Dancer Three 

Performance Anxiety Behavioral Measures: STAIS-5 

Dancer Three self-reported more anxiety at competition in all three timepoints over 

rehearsal. She, too, experienced a drop in anxiety IA, but then experienced a rise+20 min post 

performance. She reported the same pattern for rehearsal, a rise, dip, then rise, -20, IA, and +25, 

respectively.  

Performance Anxiety Physiological Measures: sAA 

In Phase 2, rehearsal condition, -20 minutes, Dancer Three presented with a mean sAA 

level of 3, and for the same timepoint during the competition condition, presented with a mean 

sAA level of 5.1. In Phase 2, rehearsal, IA (immediately after) the performance, Dancer Three 

had a mean sAA level of 3.4, and for the timepoint during the competition condition, had a mean 

sAA level of 7.2. In Phase 2, rehearsal, +20 minutes post the second saliva collection, Dancer 

Three had a mean sAA level of 0.1, and for the same timepoint during the competition condition, 

had a mean sAA level of 2.5. Dancer Three presented with lower sAA at rehearsal for all three 

timepoints when compared to the competition condition. Levels rose from pre performance to 

immediately after, then dropped at the post performance timepoint to less than the first pre 

performance collection. This pattern was similar across all three dancers for sAA.   

Performance Anxiety Physiological Measures: Cortisol (sCort) 

In Phase 2, rehearsal condition, -20 minutes, Dancer Three presented with a mean cortisol 

level of .078, and for the timepoint during the competition condition, presented with a mean 

cortisol level of .044. In Phase 2, rehearsal, IA (immediately after) the performance, Dancer 

Three had a cortisol level of .122, and for the timepoint during the competition condition, had a 

cortisol level of .094. In Phase 2, rehearsal, +20 minutes post the second saliva collection, 

Dancer Three had a cortisol level of .293, and for the same timepoint during the competition 

condition, had a cortisol level of .696. Dancer Three had a similar profile as the previous 

dancers: Cortisol levels were higher during the rehearsals for the first two timepoints -20 and IA. 

Then the cortisol level was higher for the +20 minute collection at the competition versus the 

rehearsal. When examining only the rehearsals, an upward trend was seen in cortisol level at 

each timepoint. The same trend was seen during the competition.  
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Dance Performance: Performance Error Survey  

In Phase 1, rehearsal one, Dancer Three made a total of 63 alignment errors, 3 timing 

errors, and 3 spacing errors. During Phase 1, at rehearsal two, Dancer Three made a total of 78 

alignment errors, 2 timing errors, and 3 spacing errors. In Phase 1, rehearsal with no intervention, 

Dancer /Three made a total of 27 alignment errors, 1 timing error, and 1 spacing error. In Phase 

2, competition, no intervention, this dancer had 34 alignment errors, 1 timing error, and 1 

spacing errors. Alignment errors appeared variable for Dancer Three. Timing errors across 

phases dropped 3, 2, 1, 1. Similarly, spacing errors dropped across conditions too from 3, 3, 1, 1.  

Discussion 

Methodology  

The proposed procedures were able to be carried out according to the study design and 

timeline.  Data collection was able to occur in the naturalistic environment within a reasonable 

timeframe of the target -20/+20 minutes. One data collection occurred -28 minutes due to a 

performance hold-up by the coach, and one post-data collection occurred at +23 due to a debrief 

that was held by the coach post-performance backstage. Despite these small deviations, saliva 

samples and the STAIS-5 were administered. These small deviations may occur in future data 

collection due to the dynamic nature of the conditions, and this researcher will not interfere with 

the natural flow of events at rehearsals or competitions.   

There are some proposed changes that, if implemented may augment the study design. 

For instance, an intervention practice log was devised (see Appendix K). It will be beneficial to 

know if dancers practice the intervention on their own either at rehearsals, competitions, or some 

other time during their day. A practice log was created and added to the study design.  

In addition to the above, it was determined that administering the full 20-question  

STAI-T would be beneficial and give a fuller train anxiety profile. It is plausible to have dancers 

fill out this version of the assessment at the close of the study. Moreover, the full official version 

of the Acceptability of Intervention Measure (AIM), Intervention Appropriateness Measure 

(IAM), and Feasibility of Intervention Measure (FIM) will be administered rather than select 

questions, which would deviate from the standardization process. Furthermore, a researcher-

developed questionnaire will be added to ask dancers specific questions regarding the 

intervention (see Appendix F). 

Lastly, three important additional questions will be added to the Medical History (see 

Appendix B). These questions are:   

-Do you currently participate in any sports or exercises programs? Which types? 

-Have you participated in any sports or exercise program during the dance off season? 

Which types? 

-Will you continue dancing next season?  
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Preliminary Findings  

It is not possible to make conclusions based on this small-scale pilot study. However, we 

are able to glean some useful information from the data we have gathered. Some points of 

interest include the higher levels of physiological stress (sAA and sCort) during the rehearsal 

condition rather than the competition condition. This result is different from what has been 

previously found in a study conducted with musicians (Guyon et al., 2020). This study found 

musicians experienced greater breathing irregularities, signaling stress, during public 

performances versus rehearsals.   

An additional preliminary finding of interest was that all dancers self-reported higher 

levels of state anxiety before the competition (-20), but the level of anxiety rose higher for the 

+20-minute report than the IA report. Moreover, there was a discrepancy between the self-report 

measures of stress following the performance and the levels of cortisol, which continued to rise 

post-performance; however, this rise could be attributed to many factors like awaiting results, 

thinking about the performance, other stressful thoughts, and so on. Salivary alpha amylase did 

return to levels less than the first reading for two dancers, but for one dancer, it did not reach the 

pre-performance level at the final reading.   

Regarding performance errors at this point, it is difficult to tell if relationships exist 

between anxiety and errors. Some dancers had drops in errors, while another had an increase in 

errors. The variability could still be attributed to the learning phase as data were collected in 

early January.   

Due to the fact that the team had a week’s training break after Nationals due to the 

intense training leading up to the competition, an additional review of the intervention was 

added. This intervention review will take place the week before the final scheduled competition 

of the season.    
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Table 1  

Sociodemographic Characteristics of Participants   

Demographics Frequency 

Gender 

Female 

Male 

 

3 

0 

Ethnicity 

Asian/Pacific Islander 

White 

 

2 

1 

Parent 1 Education 

            Some College 

             College Degree 

             Graduate Degree 

 

0 

2 

1 

 Parent 2 Education 

            Some College 

             College Degree 

             Graduate Degree 

 

1 

2 

0 

Household Income  

             95,000-100,000 0 

             Over 100,000 3 

 

Note: N = 3 
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Table 2  

Actual Test Times of Samples Collected  

Phase 2, 

Competition 

NI-V 

-20 Dance Time IA +20 

POM 1/10/25 9:08 9:27 9:31 10:39 

  +19   +20 

  

Phase 2, 

Competition 

NI-V 

-20 Dance Time IA +20 

Hip Hop 1/10/25 9:58 10:14 10:19 10:39 

  +16   +20 

    

Phase 2, 

Rehearsal 

NI-V 

-20 Dance Time IA +20 

POM 1/11/25 12:47 1:08 1:12 1:35 

Actual 

Timepoints  
-21   +23 

  

Phase 2 

Competition 

NI-V 

-20 Dance Time IA +20 

Hip Hop 1/12/25 4:47 5:15 5:18 5:38 

Actual Timepoints  -28 minutes   +20 minutes 
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Figure 1 

Pilot Study Design  
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Figure 2 

Pilot Study Timeline  
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Figure 3 

Dancer One: Performance Anxiety Behavioral Measures: STAIS-5 

 

        Rehearsal                     Competition  

Note. Each bar represents the raw score each participant self-reported on the STAIS-5, by 

condition and time point. The x axis represents condition and timepoint. Phase 2 rehearsal, no 

intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). Phase 2 competition, 

no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI -20). Phase 2 rehearsal, 

no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 competition, no 

intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, no intervention, 

20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no intervention,  

20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents raw scores on the 

STAIS-5. Five is the minimum and 20 is the maximum score one can obtain. 
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Figure 4 

Dancer One Performance Anxiety Physiological Measures: sAA 

 

        Rehearsal                     Competition  

Note. Each bar represents the sAA level. The x axis represents condition and timepoint. Phase 2 

rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). Phase 2 

competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI -20).  

Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of sAA obtained on duplicate testing.   
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Figure 5 

Dancer One Performance Anxiety Physiological Measures: sCort 

 

        Rehearsal                     Competition  

Note. Each bar represents the cortisol level. The x axis represents condition and timepoint.  

Phase 2 rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). 

Phase 2 competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI  

-20). Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of cortisol obtained on duplicate testing.   
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Figure 6 

Dancer One Dance Performance: Performance Error Survey  

 

        Rehearsal                     Competition  

Note. Each bar along the x axis represents the categories of alignment, timing and spacing. Ph 1 

R 1 is the abbreviation for Phase 1 rehearsal number 1. Ph 1 R 2 is the abbreviation for Phase 1 

rehearsal number 2. Ph 2 R NI is the abbreviation for Phase 2 rehearsal no intervention 2. Ph 2 C 

NI is the abbreviation for Phase 2 competition, no intervention. The y axis represents the total 

number of errors a dancer made for the respective category and condition.   
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Figure 7 

Dancer Two: Performance Anxiety Behavioral Measures: STAIS-5 

 

        Rehearsal                     Competition  

Note. Each bar represents the raw score each participant self-reported on the STAIS-5, by 

condition and timepoint. The x axis represents condition and timepoint. Phase 2 rehearsal, no 

intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). Phase 2 competition, 

no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI -20). Phase 2 rehearsal, 

no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 competition, no 

intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, no intervention, 

20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no intervention,  

20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents raw scores on the 

STAIS-5. Five is the minimum and 20 is the maximum score one can obtain.  
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Figure 8 

Dancer Two Performance Anxiety Physiological Measures: sAA 

 

        Rehearsal                     Competition  

Note. Each bar represents the sAA level. The x axis represents condition and timepoint. Phase 2 

rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). Phase 2 

competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI -20).  

Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of sAA obtained on duplicate testing.   
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Figure 9 

Dancer Two Performance Anxiety Physiological Measures: sCort 

 

        Rehearsal                     Competition  

Note. Each bar represents the cortisol level. The x axis represents condition and timepoint.  

Phase 2 rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). 

Phase 2 competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI  

-20). Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of cortisol obtained on duplicate testing.   
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Figure 10 

Dancer Two Dance Performance: Performance Error Survey  

 

        Rehearsal                     Competition  

Note. Each bar along the x axis represents the categories of alignment, timing and spacing. Ph 1 

R 1 is the abbreviation for Phase 1 rehearsal number 1. Ph 1 R 2 is the abbreviation for Phase 1 

rehearsal number 2. Ph 2 R NI is the abbreviation for Phase 2 rehearsal no intervention 2. Ph 2 C 

NI is the abbreviation for Phase 2 competition no intervention. The y axis represents the total 

number of errors a dancer made for the respective category and condition.   
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Figure 11 

Dancer Three Performance Anxiety Behavioral Measures: STAIS-5 

 

        Rehearsal                     Competition  

Note. Each bar represents the raw score each participant self-reported on the STAIS-5, by 

condition and timepoint. The x axis represents condition and timepoint. Phase 2 rehearsal, no 

intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). Phase 2 competition, 

no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI -20). Phase 2 rehearsal, 

no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 competition, no 

intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, no intervention, 

20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no intervention,  

20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents raw scores on the 

STAIS-5. Five is the minimum and 20 is the maximum score one can obtain. 
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Figure 12 

Dancer Three Performance Anxiety Physiological Measures: sAA 

 

        Rehearsal                     Competition  

Note. Each bar represents the sAA level. The x axis represents condition and timepoint.  

Phase 2 rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). 

Phase 2 competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI  

-20). Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of sAA obtained on duplicate testing.   
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Figure 13 

Dancer Three Performance Anxiety Physiological Measures: sCort 

 

        Rehearsal                     Competition  

Note. Each bar represents the cortisol level. The x axis represents condition and timepoint.  

Phase 2 rehearsal, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 R NI -20). 

Phase 2 competition, no intervention, 20 minutes (+/- x minutes) prior to the task (Ph 2 C NI  

-20). Phase 2 rehearsal, no intervention, immediately after (IA) the task (Ph 2 R NI -IA). Phase 2 

competition, no intervention, immediately after (IA) the task (Ph 2 C NI IA). Phase 2 rehearsal, 

no intervention, 20 minutes (+/- x minutes) post task (Ph 2 R NI +20). Phase 2 competition, no 

intervention, 20 minutes (+/- x minutes) post task (Ph 2 C NI +20). The y axis represents the 

mean (U/mL) of cortisol obtained on duplicate testing.   
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Figure 14 

Dancer There Dance Performance: Performance Error Survey  

 

        Rehearsal                     Competition  

Note. Each bar along the x axis represents the categories of alignment, timing and spacing. Ph 1 

R 1 is the abbreviation for Phase 1 rehearsal number 1. Ph 1 R 2 is the abbreviation for Phase 1 

rehearsal number 2. Ph 2 R NI is the abbreviation for Phase 2 rehearsal no intervention 2. Ph 2 C 

NI is the abbreviation for Phase 2 competition no intervention. The y axis represents the total 

number of errors a dancer made for the respective category and condition. 
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Appendix A 

 

Performance Error Survey  

 
The following are instructions and sample Performance Error Survey  

 
You will need:  
  

• Two electronic devices to view dance videos 
• Pencil 
• The attached Performance Error Survey 
• Metronome (link provided here)  

 
Instructions   
 

• Open the link of the benchmark routine  
• Open the link for the performance video you are rating   
• Identify the dancer (ID number) you have been assigned to rate 
• Make sure ID number matches the dancer you are rating on the Performance Error 

Survey    
• Begin metronome  
• Begin playing the benchmark video, slow the video down, if needed? 
• Begin playing the performance video, slow the video down, if needed? 
• Compare dancer's performance video to the benchmark video  
• For every down beat in the routine- mark the box only if the dancer made an error 
• Alignment Error - if the dancer made an error check off which body part was out of 

shape or alignment 
• Timing Error- mark the box if the dancer is out of synch for that down beat  
• Spacing Error- mark the box if the dancer is not in the correct location of the floor  

 
Notes 

• Every downbeat has a separate chart 
• You may watch the video as many times as needed  
• You do not need to add up the errors  
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Dancer ID number:    
 

Down Beat  Alignment Error  Right Left Timing Error Spacing Error 

1           

            

Head           

            

Shoulder            

Elbow           

Wrist            

            

Upper Leg           

Knee           

Foot           

      

       
Total 
Errors   
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Appendix B 

 

Medical History 

 
The following are questions to ascertain the participants’ medical history.  Questions will 
be asked and recorded by the investigator over a scheduled Zoom meeting 
 
ID Number: 
              
 
Date of Interview: 
              
 
DOB: 
              
 
Age: 
              
 
Height: 
              
 
Weight: 
              
 
Last Menstrual Period: 
              
 
Chronic medical conditions? (Injuries, sprains, fractures, cancer, asthma, dermatitis, 
psoriasis, allergic rhinitis, chronic pain, diabetes, hypertension, oral diseases) 
             
             
             
             
              
 
Last dental appointment?   
             
              
How many times per day do you brush? 
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How many times per day do you floss? 
             
              
 
Medications? 
             
              
Last Vaccine and Date? 
             
              
  
Do you smoke? 
             
              
Do you consume alcohol? 
             
              
 
Do you participate in any physical activity outside of dance, and dance mandated gym 
classes?   
             
              
 
Has this schedule changed since your enrollment in the study?  
             
              
 
What time do you typically wake up? 
             
              
 
What time do you go to sleep? 
             
              
 
Do you have problems falling asleep, staying asleep?  
             
              
 
Do you use any devices to fall asleep or stay asleep? Apps, TV, masks, sound machine 
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Do you currently participate in any sports or exercise programs ? Which types?   

             

              

 

Have you participated in any sports or exercise programs during the dance “off season”? Which 

types?             

              

 

Will you continue dancing next season?        
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Appendix C 

 

Demographics 

 
The following is the Hollingshead Four Factor Index.  Data will be collected during  

 
initial Zoom interview.  

  
  
  

Intake                                                          (researchers name)  
  
Name of Study _______                                                                                        
  
Subject#                              
  
TEST DATE   /      /         BIRTHDATE        /      /         
 
Gender M F Non Binary  
  
GRADE LEVEL      
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Dear Parents, 
  
We would like you to complete the questionnaire below. Your answers will be kept 
completely confidential, and we will not use this information for any purpose except 
for our own studies, we simply need to report a summary of anonymous responses. If 
you prefer not to answer these questions, please indicate so below.  
  
fШƽŸƨũĬШŔĬĲŰƣŔŉǃШůǃШĦőŔũĬќƚШƖċĦĲШŸƖШĲƣőŰŔĦŔƣǃШċƚа 
American Indian/Alaskan Native Asian/Pacific Islander Black/African -American  
South Asian/Indian  
White, not of Hispanic Origin  
cŔƚƓċŰŔĦШѼШfШŔĬĲŰƣŔŉǃШůǃШĦőŔũĬќƚШƖċĦĲШċƚа 
  
ӱ  American Indian/Alaskan Native  
ӱ  Asian/Pacific Islander  
ӱ  Black/African -American  
ӱ  South Asian/Indian  
ӱ  White  
ӱШ§ƣőĲƖ                                    
ӱ  I choose not to answer this question.  
ӱШ§ƣőĲƖ                                
ӱ  I choose not to answer this question.  
  
Parent Martial Status - please specify                                           
  
ÂċƖĲŰƣШ§ŰĲќƚШŸĦĦƨƓċƣŔŸŰ                      ÂċƖĲŰƣШÑƽŸќƚШŸĦĦƨƓċƣŔŸŰ                                   
  
ӱ  I choose not to answer this question.           ӱШfШĦőŸŸƚĲШŰŸƣШƣŸШċŰƚƽĲƖШƣőŔƚШ
question.  
  
ÂċƖĲŰƣШ§ŰĲќƚШőŔŊőĲƚƣШũĲƻĲũШŸŉШĲĬƨĦċƣŔŸŰШĦŸůƓũĲƣĲĬ     ÂċƖĲŰƣÑƽŸƚќƚШ  
ӱ  Before H.S.                                                  ӱШ7ĲŉŸƖĲШcЮÉЮ 
ӱ  Some H.S.                                                   ӱШÉŸůĲШcЮÉЮ 
ӱ  H.S. degree                                                  ӱШcЮÉЮШĬĲŊƖĲĲ 
ӱ  Some college                                               ӱШÉŸůĲШĦŸũũĲŊĲ 
ӱ  College degree                                             ӱШ9ŸũũĲŊĲШĬĲŊƖĲĲ 
ӱ  Graduate degree                                          ӱШ]ƖċĬƨċƣĲШĬĲŊƖĲĲ 
(please specify)                                                       (please specify)                              
ӱ  I choose not to answer this question.              ӱШfШĦőŸŸƚĲШŰŸƣШƣŸШċŰƚƽĲƖШƣőŔƚШƕƨĲƚƣŔŸŰЮ 
  
  
9őŔũĬќƚШ]ĲŰĬĲƖа 
ӱ  Female                              ӱШ~ċũĲ 
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Household Income: Please indicate annual  
income:  
  
I choose not to answer this question            
OR 
  
a.   Under $5,000 
b. <$5,000-$10,000 
c.             <$10,000-$15,000 
d.  <$15,000-$20,000 
e.             <$20,000-$25,000 
f.             <$25,000-$30,000 
g.            <$30.000-$35,000 
h.            <$35.000-$40,000 
i.              <$40.000-$45,000 
j.              <$45.000-$50,000 
k.            <$50.000-$55,000 
l.              <$55.000-$60,000 
m.   <$60.000-$65,000 
n.            <$65.000-$70,000 
o.            <$70.000-$75,000 
p.            <$75.000-$80,000 
q.            <$80.000-$85,000 
r.             <$85.000-$90,000 
s.             <$90.000-$95,000 
t.              <$95.000-$100,000 
u.            Greater than $100,000 
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Appendix D 

 

Baseline Interview Questions 

 

The following are questions to ascertain the participants past experience with 
Mindful Based Interventions and dance.  Questions will be asked and recorded by the 
investigator over a scheduled Zoom meeting.  
  
ID Number:  
Interview Date and Time:  
Interviewer Name:  
  
cŸƽШůċŰǃШǃĲċƖƚќШĲǂƓĲƖŔĲŰĦĲШĬŸШǃŸƨШőċƻĲШĬċŰĦŔŰŊе 
                                                                                                                                                                                                
                                                                                                                          
 
What is your dance experience?  
                                                                                                                                                                                                
                                                                                                                                                                                    
 
How many months or years have you been in dance competitions?  
                                                                                                                                                                                                
                                            
 
Have you ever practiced any style of MBIs, Yoga, meditation, or breathwork?  
                                                                                                                                                                                                
                                            
  
If so, which type? How long was each individual session? How many total sessions did 
you complete? Who was instructing you? In person or home? Live or APP ? 
                                                                                                                                                                                                
                                            
  
Did you have a positive, negative or neutral experience with yoga, meditation, 
breathwork?  
                                                                                                                                                                                                
                                            
  
Are you practicing any MBI technique right now? During practice? Competitions?  
                                                                                                                                                                                                
                                            
 
Do you have any other anxiety reducing strategies? Anti -Anxiety or other 
Medications?   
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Appendix E 

  

Final version of the Acceptability of Intervention Measure (AIM), Intervention 

Appropriateness Measure (IAM), and Feasibility of Intervention Measure (FIM) 

 
 

Acceptability of Intervention Measure (AIM) 

 

 
Completely 

disagree 
Disagree 

Neither 

agree nor 

disagree 
Agree 

Completely 

agree 

1. The breathing Intervention meets my 

approval. 
¡  ¢  £  ¤  ¥  

2. (INSERT INTERVENTION) is appealing 

to me. 
¡  ¢  £  ¤  ¥  

3. I like (INSERT INTERVENTION). ¡  ¢  £  ¤  ¥  

4. I welcome (INSERT INTERVENTION). ¡  ¢  £  ¤  ¥  

 

Intervention Appropriateness Measure (IAM) 

 

 
Completely 

disagree 
Disagree 

Neither 

agree nor 

disagree 
Agree 

Completely 

agree 

1. (INSERT INTERVENTION) seems 

fitting. 
¡  ¢  £  ¤  ¥  

2. (INSERT INTERVENTION) seems 

suitable. 
¡  ¢  £  ¤  ¥  

3. (INSERT INTERVENTION) seems 

applicable. 
¡  ¢  £  ¤  ¥  

4. (INSERT INTERVENTION) seems like 

a good match. 
¡  ¢  £  ¤  ¥  

 
Feasibility of Intervention Measure (FIM) 

 

 
Completely 

disagree 
Disagree 

Neither 

agree nor 

disagree 
Agree 

Completely 

agree 

1. (INSERT INTERVENTION) seems 

implementable. 
¡  ¢  £  ¤  ¥  

2. (INSERT INTERVENTION) seems 

possible. 
¡  ¢  £  ¤  ¥  

3. (INSERT INTERVENTION) seems 

doable. 
¡  ¢  £  ¤  ¥  

4. (INSERT INTERVENTION) seems easy 

to use. 
¡  ¢  £  ¤  ¥  
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Scoring Instructions: 

• Readability tested by substituting “This EBP” for “Insert Intervention.” Flesch reading 

ease score (and grade level) is 95.15 (5th grade) for AIM, 99.60 (5th grade) for IAM, and 

94.17 (5th grade) for FIM.  

• No specialized training is needed to administer, score, or interpret the measures. 

• Cut-off scores for interpretation not yet available; however, higher scores indicate greater 

acceptability, appropriateness, or feasibility.  

• Norms not yet available.  

• Scales can be created for each measure by averaging responses. Scale values range from 

1 to 5. No items need to be reverse coded. Good measurement practice:  assess structural 

validity to confirm the unidimensionality of each measure and calculate alpha coefficient 

to ascertain reliability.  

• There is no cost to use these measures.  

• Time to complete:  less than 5 minutes per measure.  
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Appendix F 

 

Intervention Specific Questions  

 

 
Completely 

disagree 
Disagree 

Neither 

agree nor 

disagree 
Agree 

Completely 

agree 

1. The breathing intervention was 

the appropriate length   
¡  ¢  £  ¤  ¥  

2. The number of rounds of 

breathing intervention after 

performing were suitable 

¡  ¢  £  ¤  ¥  

3. The breathing intervention fit into 

my usual competition preparation 

and competition 

¡  ¢  £  ¤  ¥  

4. I will do the breathing 

intervention in future rehearsals and 

competitions 

¡  ¢  £  ¤  ¥  

      

5. I will recommend the breathing 

intervention to other dancers 
¡  ¢  £  ¤  ¥  

 
 
Are there any thoughts or recommendations related to the breathing intervention?  

             
             
              
 
 
Scoring:  This is a researcher developed questionnaire.  Cut-off scores for interpretation not 

yet available; however, higher scores indicate greater acceptability, appropriateness, or 

feasibility.  
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Appendix G 

 

Self-Evaluation Questionnaire 
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Appendix H 

 

STAIS-5  
 

 The following is a copy of the standardized State and Trait Anxiety Inventory Short 

version.   

 
ID Number: 
Date: 
Time point: -20        +20 
  
  
Please Circle :  Box Breathing           or      Cyclic Sigh 
Sitting                             or      Stand  
  
  
  
Do you have an Injury? 
List any pain you are feeling in your body: 
  
  
 I feel upset. 1 2 3 4 
 I feel frightened. 1 2 3 4 
 I feel nervous. 1 2 3 4 
 I am jittery. 1 2 3 4 
 I feel confused. 1 2 3 4 
  
Key 
1- Not At All  
2-Somehwat 
3-Moderatly So 
4-Very Much 
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Appendix I 

 

Saliva Collection Questionnaire 

  

This questionnaire is filled out as follows:  Rehearsal Day to be filled out at the 

beginning of practice.  Competition Day to be filled out prior to boarding the bus. 

  
*Reminder  
Immediately before collection:  
No food, drink, gum, candy, etc for one hour before prior to your sample.   
No water within 30 minutes  
Do not nap once waking for the day 
  
ID: 
                                                                                                                                                            
  
Date: 
                                                                                                                                                            
  
Time: 
                                                                                                                                                            
  
Wake time AM or PM 
                                                                                                                                                            
  
Bedtime AM or PM 
                                                                                                                                                            
  
Have you had a fever of 100.5 or higher in the past three days? 
                                                                                                                                                            
  
Do you have an upper respiratory infection? (Cold, runny nose)?  
                                                                                                                                                            
  
Do you have inflammation in your mouth, cuts, canker sores, untreated cavities, 
gingivitis?  
                                                                                                                                                            
  
Do you have a salivary gland disease or disorder? 
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Please describe any issue in your mouth, list the treatment.  
                                                                                                                                                            
  
When you brush your teeth do you have bleeding? 
                                                                                                                                                            
  
Please describe.  
                                                                                                                                                            
  
Do you smoke or vape? 
                                                                                                                                                            
  
Do you use any smokeless product or nicotine product (gum, water)?  
                                                                                                                                                            
  
Please describe.  
                                                                                                                                                            
  
Does anyone in your house smoke? 
                                                                                                                                                            
  
Have you used any illicit drug (marijuana, cocaine, other) in the past 3 days?  
                                                                                                                                                            
  
Are you pregnant? Breastfeeding? 
                                                                                                                                                            
  
Date of last menstrual period?  
                                                                                                                                                            
  
Are you using the oral contraceptives (the pill, patch,)  
                                                                                                                                                            
  
Please list.  
                                                                                                                                                         
  
What medications did you take I the last 48 hours?  
                                                                                                                                                                       
  
Have you brushed your teeth in the past 2 hours?  
                                                                                                                                                            
  
  



228 

 
Did you use mouthwash?  
                                                                                                                                                            
  
Do you have a permanent retainer in your mouth? Invisalign?  
                                                                                                                                                            
  
Have you been awake for at least four hours?  
                                                                                                                                                            
  
Did you nap today, including the bus ride?  
                                                                                                                                                            
  
Did you eat anything in the past hour?   Please list.  
                                                                                                                                                            
  
Did you have anything to drink OTHER THAN WATER in the last hour? Please List. 
                                                                                                                                                            
  
Have you used tobacco in the past 12 hours? 
                                                                                                                                                            
  
Have you engaged in rigorous exercise in the past 2 hours? 
                                                                                                                                                            
  
Have you taken any medications in the past 6 hours?  
                                                                                                                                                            
  
Have you had any caffeine today, including foods like chocolate?  
                                                                                                                                                            
  
Have you chewed gum, candy, breath mints in the last hour?  
  



229 

Appendix J 

 

Instructions Pre Saliva-Collection  

 
The following will be disseminated to at the beginning of rehearsal and 

competitions.     

 
Within one hour of saliva collection please adhere to the following instructions. 
  
  
No food, drink, gum, candy, etc. for at least one hour prior to your saliva collection time of 
___________________.  
  
No beverages within one hour prior you your saliva collection time of 
___________________. 
  
No water, candy, gum or any other product within 30 minutes of your saliva collection time 
of 
___________________ 
  
*Avoid vigorous exercise 2 hours before collection time 
  
*Do not nap once waking for the day, including the bus ride 
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Appendix K 

 

Practice Log  

 

*To be administered before phase 3 data collection 

 

Have you practiced the breathing exercises?  Yes or No 

 

Which style? Boxed breathing or Extended Exhales  

 

If yes, when?   

 

Dance practice        

Dance competition (s)      

Some other time, please list     

 

 

About how many times total have you used the breathing exercise?      

 

Do you have any questions about the breathing exercises?       
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Appendix L 

 

Box Breathing and Extended Exhale Intervention Instructions  

 
 
 

 

 
  

Box Breathing 

I nstruct ions 

1. Inhale through your nose for 4 
seconds, following the count of 
the metronome.

2.Hold your breath for 2 seconds.

3.Exhale through your mouth for 
4 seconds.

4.Hold your breath for 2 seconds.

5.Repeat this cycle for 2 minutes.

Visual Guide
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Extended Exhale 

I nstruct ions 

Inhale deeply ς count the duration 
in seconds using a metronome.

1.  Take an additional small inhale ς 
count the duration in seconds.

2.  Slowly exhale all the air from 
your lungs for a duration equal 
to or greater than the combined 
time of both inhales.

3.  Repeat this cycle for 2 minutes.

4.  Inhale through your nose and 
exhale through your mouth.

Visual Guide
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Appendix M 

 

Instructional Video Link for Dancers Provided by Lab   

 

 

 

https://salimetrics.com/saliva-collection-training-videos/ 

 

https://salimetrics/

