Relationship Between Heart Rate Variability, Waking Salivary Cortisol, and Subjective Readiness in NCAA Division I Swimmers





A Thesis Presented for the 
Master of Science
Degree
The University of Tennessee, Knoxville







Bayley Stewart
August 2023






ii
			
Acknowledgements

	This thesis is dedicated to my family and friends who have supported my endeavors over the past two years. Without your undying support, my journey through graduate school would not have been possible. 
	To Dr. Scott Crouter, Dr. Kelley Strohacker, and Dr. Rebecca Zakrajsek, the gratitude I feel toward each of you is immense. Thank you for your willingness to form my thesis committee and advise me throughout my time at the University of Tennessee. The guidance and feedback you provided has helped form the student, researcher, and person I am today. 
	Additionally, thank you to Dr. Ahmed Bettaieb, Presley, and Jenna for your time and assistance with the process of salivary cortisol analysis. And to Cary Springer, thank you the many zoom calls you took to help me with the statistical analysis of my research results. 
	My peers within my graduate program, Jenna, Emily, Adam, Jack, Cade, and Alex, thank you for the constant light you bring to our program. I am endlessly grateful we have crossed paths; you have each left a mark on my life and impacted my journey. 
	To my teammates and coaches at the University of Tennessee, my success is in large part a result of the confidence you instilled in me and the love you have shown. Not only benefiting me athletically, the support provided to my academic journey by my coaches Matt Kredich, Ashley Jahn, Josh Huger, Rich Murphy, Rob Collins, and Greg Adamson allowed me to excel in multiple facets of my life. 
	Finally, thank you to my mom and dad, Dawn and Karl, my siblings, Ayden and Cole, and my extended family for helping to keep my head up during the harder parts of my journey and showing me patience after the long days. Your unconditional love allowed me to persevere and continually strive for excellence.
Abstract
Monitoring athlete training progressions serve to maximize positive training outcomes while minimizing the consequences of overtraining. Currently, autoregulative training methods aim to enhance training related outcomes through the assessment of individual athlete readiness to train. However, empirical research supporting the notion that physical and mental resources (i.e., readiness) influence experiential training outcomes is limited. PURPOSE: To explore relationships between physiological and psychological indices of readiness (Aim 1) and assess relationships between training-related well-being and readiness indices (Aim 2). METHODS: NCAA Division I swimmers (n=9) were recruited to collect data two days per week over the course of three weeks. During each day of data collection, the participants each completed four surveys; three assessing pre-practice readiness to train and one capturing post-practice training-related well-being. Readiness was measured physiologically (heart rate variability (HRV) estimated by the WHOOP 4.0 and waking salivary cortisol) and psychologically (Acute Readiness Monitoring Scale (ARMS)) while training-related well-being was measured subjectively (Feeling Scale, Athletes Subjective Performance Satisfaction, and Category Ratio-10). RESULTS: Physiological measures of readiness (HRV and cortisol) had a significant negative correlation within the population evaluated (r= -0.32, p=0.05). Moderate correlations between psychological and physiological readiness were limited, but a significant positive correlation was observed between the ARMS subscale of threat-challenge readiness and HRV (r=0.31, p=0.05). Several indices of readiness had significant correlations with training-related well-being (recalled affective valence and recalled performance satisfaction). Recalled affective valence was significantly correlated with HRV (r=0.45, p=0.01), Physical Readiness (r=0.36, p<0.001), Physical Fatigue (r=-0.18, p=0.05), Cognitive Readiness (r=0.34, p<0.001), and Threat-Challenge Readiness (r=0.43, p<0.001). Recalled performance satisfaction was significantly correlated with Physical Readiness (r=0.43, p<0.001), Cognitive Readiness (r=0.36, p>0.001), and Threat-Challenge Readiness (r=0.41, p<0.001). CONCLUSION: Within NCAA Division I swimmers, correlations between psychological and physiological measures of training-related readiness were limited. However, both HRV measured by the WHOOP 4.0 and subjective readiness evaluated by the ARMS had significant moderate correlations with multiple indictors of training-related well-being. Physiological and psychological readiness may not be interchangeable methods of monitoring athlete training, but each measure could be predictive of different training related outcomes, supporting incorporation of both domains to indicate holistic athlete training readiness. 
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[bookmark: _Toc141688541]Elite Swimming Background
	Widely accepted in the world of sport are the overarching goals of protecting athlete health and well-being, producing peak performance, and developing champions. To achieve these goals, coaches, researchers, and athletes aim to maximize positive training adaptations through the balance of energy expenditure and recovery [1]. However, when recovery is inadequate, compounding training stress can result in barriers that hinder the ability of athletes to perform optimally and remain healthy. When overtrained, athletes are at increased risk of developing training related complications including overtraining syndrome, burnout, injury, illness, and psychological distress [2-5]. Compared to anaerobic sports, athletes of team aerobic sports, including competitive swimming, running, cycling, and rowing are more likely to experience overtraining [2]. Training within elite swimming, the population of interest within the present study, involves substantial loads with total practice time exceeding 20 hours per week during peak training season. Traditionally, coaches have strategically monitored athlete training load through adjustment of volume and intensity in attempt to maintain balance between recovery and overreach [6]. 
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Since the 1960’s, researchers have attempted to develop structured training cycles to maximize performance and minimize consequences of overtraining. Models of training management can be seen implemented through strategic variety via phasic training. The Soviets, founders of periodization, recognized that athlete training cycles can be monitored on multiple time levels, multi-yearly (macro-), year (meso-), and weekly (micro-) [7]. Periodization is a near-universally applied strategy of macrocycle management aimed to create training plans that deliberately incorporate periods of varying volume, intensity, and recovery with respect to a set timeline. Related to, but distinct from periodization, programming involves the management of training variables (i.e., frequency, volume, rest duration, and exercise mode) in each phase of a periodized model [8]. 
Within the general concept of periodized training, multiple models of implementation exist. The sport of swimming most commonly uses linear periodization. Linear periodization models attempt to generate peak performance at specified times within the season [9, 10]. This model of periodization begins with a phase focused on building aerobic capacity, incorporating high volume training, then gradually shifts to lower volume, higher intensity, and more sport-training with a focus on increasing strength, speed, and power as championship competitions approach [11, 12].
 Studies evaluating the effects of various periodized training models regarding swimming performance outcomes, measured by race times, show a variety of results. Studies have found that time improvements do not vary significantly between training groups undergoing high intensity and low volume plans versus low intensity and high volume plans [13]. Other studies have found that periodized training models elicit significant time improvements when the volume/intensity model is specific to the primary event distances the athletes compete [9]. Inconsistencies in research findings have led to discrepancies in opinions regarding the most effective training model. Others, however, have questioned if individual differences between athletes may be the primary drivers of performance outcomes as opposed to training models [13]. An example may include two athletes undergoing the same training plan regardless of one athlete experiencing regular sleep-loss while the other experiences restful sleep. Traditional models of periodization do not account for such individualized differences in preparation. 
Recognizing the importance of athlete differences in training related readiness, autoregulation is a method of addressing the individual needs of athletes while continuing to progress training. Contrary to periodized models, autoregulated models are programming tools used to adapt training loads on a micro-cycle level to meet the individual needs of athletes based on evaluations of readiness [14]. Readiness can be viewed as a summation of factors affecting the internal resource availability a person has at a given time contributing or taking from their preparation to complete a task. Such factors may include recovery status, mental state, physical fatigue, vitality, discomfort, sleep quality, muscle soreness, and many others [15, 16]. Methods of training, such as autoregulation, have evolved to account for individual differences in preparation to generate personalized training sessions.
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The concept of autoregulation has evolved overtime. The first employment of autoregulation is often credited to DeLorme. DeLorme recognized his patients had increased rate of strength accumulation when their work load was modified to match their weekly performance on a submaximal strength test [14, 17]. In their 2007 foundational text, Kraemer and Fleck presented ‘flexible non-linear periodization,’ wherein daily readiness states were used to guide training demand [15, 18]. Contemporary literature emphasizes the context-specific use of autoregulation noting the variety of factors influencing implementation (i.e., individual goals, available resources, and practitioner). Moreover, autoregulation may be best viewed as a tool to assist with existing training, rather than a replacement [14]. The timing of training modifications has been found to be dependent on the intended outcomes of the autoregulated program; daily modification captures the regular fluctuations in physiological and psychological states while weekly or monthly evaluations may better reveal positive and negative physiological training adaptations [19]. Although the notion that pre-training physical and mental resources (i.e., readiness) should influence performance and experiential outcomes have face validity, empirical research on this topic is limited.
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Monitoring readiness of athletes involves analyzing the internal resources an athlete has available as well as the internal load an athlete has accumulated; this has been done through both psychological and physiological assessments [20]. Physiological measures commonly employed to evaluate readiness include waking cortisol and heart rate variability (HRV) while the psychological perspective often assesses subjective states to gauge readiness.
[bookmark: _Toc141181824][bookmark: _Toc141182128][bookmark: _Toc141184808]Waking Cortisol
Within the field of physiology, assessment of the hypothalamic-pituitary axis through measures of cortisol has long been utilized as a tool to monitor athlete training [21, 22]. Cortisol, as a primary stress hormone, detects physiological shifts away from homeostasis in response to stressors [23]. Studies have found that within individuals, waking cortisol is relatively stable overtime when unstressed; however, the addition of stress causes shifts in the cortisol awakening response allowing it to be a useful tool to monitor athletes [24, 25]. Within athletics, stress accumulation can be a result of overtraining, causing alterations of waking cortisol secretion [26]. Several studies report exhaustive exercise bouts resulting in a depleted waking cortisol response [27, 28]; while studies assessing training effects of non-exhaustive exercise bouts have observed increased waking cortisol levels throughout extensive training periods [29]. Such result variations allow researchers to conclude that exhaustive and non-exhaustive exercise affect cortisol secretion differently. Overall, the relationship between stress and overtraining has allowed waking cortisol to be used as a method of assessing athlete training progressions [25].
[bookmark: _Toc141181825][bookmark: _Toc141182129][bookmark: _Toc141184809]Heart Rate Variability (HRV)
Another purported measurement of physiological readiness, with purported psychological correlations, is HRV. HRV assesses autonomic functions to detect accumulated physiological stress [30, 31]. Research has shown that increased time variability between successive heart beats is correlated with improved health outcomes while low variance, may indicate impairments of the autonomic nervous system [32-34]. Traditionally, HRV has been measured by electrocardiogram readings; although, recent advancements in wearable technology have validated the use of photoplethysmography to allow wearable technology to measure HRV [35]. Within athletics, increases in HRV are often associated with positive training adaptations while progressions toward overtraining are detectible through continually depressed HRV [36, 37]. Interestingly, literature reports that HRV may capture physiological, psychological, and environmental factors relating to individual readiness [38]. Recognition of patterns between HRV and training adaptations have increased the use of HRV as a training monitoring tool.
[bookmark: _Toc141181826][bookmark: _Toc141182130][bookmark: _Toc141184810]Subjective Readiness
Perceived readiness has traditionally been assessed through the use of questionnaires, verbal communication, and observation to capture individual psychological readiness [39, 40]. Measuring psychological aspects of readiness purportedly provide different insights into athlete well-being and recovery than what is detected via physiological measures [41]. Following increased training loads, individuals have reported decreases in subjective readiness, allowing coaches to understand psychological impacts of training [42]. Existing literature presents varied forms of flexible non-linear periodization (i.e., participant autonomy over training session order [43-47] and state of readiness evaluation to modify intensity and volume [48]), though minimal descriptions and justification for procedures implemented were provided. While different types of subjective readiness have been measured, no study has provided empirical evidence supporting these domains of readiness. 
In 2016, Strohacker and Zakrajsek were the first to empirically establish, beyond face validity, that multiple domains of readiness (i.e., physical, psychological, and motivational) can be observed within populations [16, 49]. These findings emphasized the implementation of readiness measures beyond a single construct may be needed to best predict training-related performance and well-being. 
Existing research studies incorporating measures of readiness in relation to athlete monitoring tend to be monodisciplinary, either assessing physiological or psychological factors of readiness. Researchers may employ objective, physiological, measures in attempt to reduce subjective bias and ease data interpretation [50-52]. Although, relying solely on objective measures has potential to dismiss an individual’s own perceptions of their readiness to train or perform [42]. Without empirical evidence of what readiness is and how it relates to target outcomes, readiness cannot be implemented into autoregulated models in replicable manners [53].
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Well-being has been defined as a state of positive physical, psychological, and social factors, that is sustainable and enables thriving [54]. While sports can improve well-being, they also have the ability to hinder it [55, 56]. Promoting positive and enjoyable experience is an overarching goal in sport; understanding the relationship between readiness and training well-being may allow detection of overtraining consequences, including burnout, in early stages. During peak endurance training, perceived well-being has been observed to significantly diminish; additionally, significant inverse relationships have been observed between burnout and well-being [57]. Capturing elements of training-related well-being could serve to better understand the relationship between training readiness and training outcomes. 
Subjective well-being is influenced by both an affective-emotional component and a cognitive-evaluative component [58, 59]. Affect relates to one’s perceptions of mood and emotion based on the subconscious detection of pleasure or displeasure [60]. As exercise intensity increases, pleasurable feelings of affect are seen to decrease [61]; however, studies suggest that elite athletes may have a different relationship between exercise intensity and pleasurable experience [62]. Increased feelings of pleasure in response to exercise have been correlated to increased rates of exercise adherence, or desire to repeat an activity [63]. Increasing pleasurable feelings in the context of sport could decrease burnout rates within athletes [64].
Further, performance satisfaction, the extent of contentment one feels toward their actions [65], in sport has been linked to individual stress appraisal. As an athlete accumulates stress, performance satisfaction has been observed to decrease [66]. This relationship could allow analysis of athlete training satisfaction trends to help detect progressions toward a significant stressor, overtraining. 
Finally, perceived exertion, how heavy, strenuous, or laborious an exercise feels [67], is a traditionally utilized marker of training related well-being in sport. In sport, an athlete reporting increased perceived exertion for training demands that typically elicit low perceived exertion, would be indicative of a problem. Additionally, ratings of perceived exertion have been correlated with overtraining development; literature reports impairments in ratings of perceived exertion in overtrained individuals [68]. These relationships suggest potential relevance in athlete monitoring. 
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As a multidimensional construct, readiness is aimed to holistically depict how prepared an individual is to take on a specific task [16, 18, 69]. Measuring one sector of readiness allows the researcher only a partial view, through a specific lens, potentially missing critical information describing holistic readiness to train. While each measurement of readiness has merit, the lack of research regarding the relationship between physiological and psychological measures hinders the ability to compare intradisciplinary studies. Further, investigation of the relationships between both physiological and psychological readiness in correlation with measures of training-related well-being have potential to explore strategies to monitor athlete training and overall wellness [70].
With the body of research supporting autoregulation and person-adaptive programming increasing, literature encouraging individualized sport training plans as a method of decreasing consequences of overtraining is growing. Investigation of realistic and accessible strategies to monitor athletes within a team context is of increasing importance. In order to progress our understanding of person-adaptive training, an important preliminary step is to explore (1) how proposed indices of readiness relate to one another, and (2) how proposed indices of readiness related to aspects of acute training-related well-being within a population of elite National Collegiate Athletic Association Division I swimmers.
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Athletes within the team sport of swimming are often subject to periodized training models that lack account for individual differences in daily readiness. Resultantly, athletes are at an increased risk of becoming overtrained and developing the problems that coincide. Improving the ability to monitor athletes and adapt training accordingly has the potential to reduce the occurrence of overtraining in the sport of swimming.
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The purpose of this study was to explore relationships between physiological and psychological markers of readiness in relation to training-related well-being measures within a population of elite National Collegiate Athletic Association Division I swimmers.
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Research Question 1: Does a relationship exists between physiological (HRV and waking cortisol) and psychological (subjective exercise readiness) measures of readiness within NCAA Division I Collegiate Swimmers?
Hypothesis 1: It is hypothesized that an increase in HRV will correlate to increased perceived readiness and decreased waking cortisol. 
Research Question 2: Are measures of physiological and psychological readiness (HRV, perceived exercise readiness, and waking salivary cortisol) correlated to measures of subjective training-related well-being (perceived exertion, feelings of affect, and performance satisfaction) within NCAA Division I Collegiate Swimmers?
Hypothesis 2: It is hypothesized that increased HRV, decreased waking cortisol, and increased perceived exercise readiness will be correlated with decreased perceived exertion, increased feelings of affect, and increased performance satisfaction following training sessions.
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Within the sport of elite swimming, athletes are subject to intense training with goals of optimizing performance, while maintaining athlete health and wellbeing. To attain these goals, the balance of workload and recovery is essential and highly individualistic. When unbalanced, workload exceeding recovery can lead to consequences of overtraining often hindering athletic performance. Over the years, researchers in the fields of sport physiology and psychology have investigated strategies to manage the balance of training and recovery. While trends may occur within groups, the physiological and psychological differences between individuals are recognized as necessary components of athlete monitoring. Monitoring such variables may help to maintain training wellbeing within athletic populations. Discrepancies in research have led to unanswered questions regarding the methods by which athletes should be monitored, the timing of monitoring, and the effects of monitoring athletes. Although unanswered questions exist, the extensive research in the field of athlete monitoring and related fields have been reported.
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Elite swimming requires training cycles specifically designed to generate peak performance at various times throughout the competition season. While the goal of peak performance is unanimous in the swimming community, researchers debate which training methodology helps athletes achieve the fastest swimming times. Different coaches and teams utilize various volumes, intensities, and durations to train and develop elite athletes. Adding to the debate, many different training methods have been validated via research studies [9]. Vast data suggesting the effectiveness of multiple methods has brought investigators to believe that the success of different training methods may be based on the individual athlete and the event distances they compete, rather than the program itself [9, 13].
Faude et al. (2008) conducted a study to investigate how various training methods affect the performance of trained swimmers. The participants were randomly assigned four-week training programs of differing intensities and volumes. The group training models were designed based on common training programs used within the swimming community in the United States. The two types of training programs implemented were, high intensity/ low volume training and low intensity/ high volume training. The researchers were interested in understanding which model would elicit greater performance improvements following a four-week training period. The performances analyzed included both a 100-meter and 400-meter race, predominately anaerobic and aerobic races, respectively. The results of this study found that time improvements did not vary significantly between the two training groups illustrating that the training model itself may not be the primary driver of performance outcomes [13].
Researchers have continued to investigate the effects of training type on performance outcomes within the sport of swimming. In 2021, a systematic review conducted by González-Ravé et al. explored the research surrounding endurance training of highly trained swimmers; they evaluated various studies implementing multiple training models and approaches. The review found that within the population of elite swimmers, athletes most commonly followed periodized training models with specified training volumes and intensities based on their primary events. The review noted that collegiate swimming events range in time from approximately 20 seconds to 17 minutes. This large range results in varying physiological energy system demands based on the event each athlete specializes [71]. The swimming community widely accepts the grouping of swimming events by time to complete— sprint events range from 20 to 60 seconds, middle distance events range from 90 seconds to five minutes, and upper distance events ranging from nine to 17 minutes. The studies evaluated in the systematic review all utilized a periodized training model; however, multiple models of periodization, differing between training groups, were present in the review. Most commonly implemented in elite swimming training is the linear periodization model. This model focuses first on building aerobic capacity by implementing higher volume and lower intensity training. Throughout the season, volume typically decreases while intensity increases. These shifts are designed to increase power output and speed as the athletes near competition [72]. As swimming is a team sport, with upwards of 30 athletes present at each practice, coaches utilize periodized models to streamline the group, regardless of individual athlete differences. The review identified that between some programs group athletes based on primary competition events. In such circumstances, training differs significantly based on the energy systems most active during the various races. Further, it was noted that the sprint group spent more time on average in a high intensity/ low volume training phase while upper distance athletes spent more time at high volume/ low intensity training phase [9].
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	Within elite swimming, training varies significantly between training teams and competition event distances. Although intensities and distances differ, linearly periodized training models are the most common across the sport [9]. Literature suggests differences between training models may not be the primary factor contributing to performance outcomes within elite swimming, but the primary driver could be individualization of training programs [13]. Further investigation led researchers to understand that coaches often implement multiple training plans per team to accommodate athletes of varying event specializations; however, due to the large number of athletes present at most swim practices, training models still lack individualization [9].
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Periodization models are largely based on extensive research within the overarching field of stress. Two researchers, Walter Cannon and Hans Selye, are credited as forerunners in the study of stress responses. Cannon famously termed the word homeostasis as a state of equilibrium and found that stress responses resulted in deviation from said state; his work specifically evaluated the changes in catecholamines in the presence of stressors [10, 73]. Hans defined the General Adaption Syndrome recognizing, through his analysis of glucocorticoids, that the biological stress response was the same regardless of the stressor present. He coined the three physiological stages of stress; first triggering a state of alarm, followed by resistance, and finally exhaustion as he discusses in his well cited book The Stress of Life [74, 75]. Overtime, the research of Selye was challenged, most notably by psychologists who observed that the theories of Selye and Cannon were based solely on physiological aspects of stress, disregarding the psychological appraisal as a contributor to the stress model [76]. However, much of the periodized literature was developed around General Adaption Syndrome regardless of its shortcomings [10].
	Furthering the investigation of homeostasis regulation, the concept of allostasis was established by Sterling and Eyer describing the process the body undergoes to reach a new state of balance when deviations are detected. The researchers found that the organs and systems in the body work together to minimize the effects of constantly changing environments by regaining stability through the continual establishment of new baselines [77-79]. This concept was then applied to exercise as allostasis was determined to be responsible for regulating the body to allow for sustained stress during physical activity [80].
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The periodized training model is based on planned systematic changes in exercise load over an extended period of time with the intention of maximizing training adaptions [15]. Periodized training employs macrocycle training management, developing a multi-yearly plan which training then follows [8]. In contrast, mesocycles and micro-cycles manage training on a yearly and weekly basis, respectively [7]. One of the primary assumptions within the periodized model is that training adaptations are based mainly on stress induced by training load [10]. Multiple methods of periodized training exist including linear or classic, block, and traditional; however, all have the same goal of optimizing athletic performance by way of a set training plan [15]. 
Linear periodization begins with a period of high volume and low intensity training gradually shifting to lower volume and higher intensity training throughout the season. The shift from high volume to high intensity is intended to increase strength, speed, and power approaching competition [11, 12]. Traditional Periodization is generally characterized by phase lengths longer in time compared to other methods, alternating periods of heavy training and recovery periods [81]. Additionally, traditional periodized models attempt to improve multiple motor abilities simultaneously [82, 83]. Block periodization, in contrast, involves phases of training that are concentrated and focus on developing only one or two technical skills at a time [83]. Coaches often use periodized models to plan seasonal training loads with a goal of maximizing performance at a particular time point. While the models were originally implemented in the field of resistance training, many other sports including swimming, cross-country skiing, soccer, Australian football, American football, tennis, running, and dance have adopted versions of the original periodized model to map training for athletes [9, 84-89]. 
The previously discussed systematic review conducted by González-Ravé et al. (2021) found that the most commonly followed training plans for elite swimmers were linearly periodized. The models within swimming most frequently divided the seasonal training into cycles, each with a specific aim based on the relative time until championship competition. Between each cycle, volume and intensity were seen to shift in order to reach pre-specified goals [9, 90].
Research across various sports has further illustrated the positive impacts of periodized models on athletic performance. A study conducted within collegiate tennis players found that when implementing a sport specific linearly periodized model, compared to non-periodized training models, players experienced significant increases in strength and power output while decreasing percent body fat [91]. Another study found that when compared to non-periodized models, periodized models significantly increased the cross-section area of muscles within a female subject pool [92]. 
 While periodized models demonstrate significant performance gains, incorporation of recovery into the periodized training model is an essential component to success. Following exercise, recovery is necessary to facilitate substrate restoration and provide adequate time for muscular and neuromuscular recovery. Within periodized models, recovery sessions are planned around training loads to allow coaches control over load to recovery ratios [18]. Without proper rest, the periodized model is unable to produce intended peak performance and can instead lead to the development of overtraining syndrome [93]. As previously discussed, linear periodization model begin with a high-volume period; resultantly, slow twitch muscle fibers may be subject to excessive fatigue while fast twitch muscle fibers receive adequate rest. When inadequate rest is allowed, specifically during the high-volume phase of periodization, athletes are at higher risk for overtraining due to excess slow-twitch muscle fiber fatigue and breakdown [93].
While the linearly periodized models incorporate recovery sessions into training plans, team sports offer additional challenges to planned training models. The goal, within team training, is to meet the needs of each athlete within the team without compromising performance [11]. Periodized training model success relies on balance between training loads and recovery; however, individuals within teams do not all recover or fatigue at the same rate. When out of sync within the load/ recovery ratio of the team training plan, athletes may be subject to overtraining or undertraining [11]. 
[bookmark: _Toc141181838][bookmark: _Toc141182142][bookmark: _Toc141184822]Periodized Training Summary
	Based on foundational models of human stress-response, periodized training models aim to capitalize on the benefits of exercise induced stress coupled with recovery to maximize positive physiological adaptions. Utilizing organized cycles of work to recovery ratios, coaches across a variety of sports have adopted periodized models. While multiple modes of periodized training are used in various contexts including linear or classic, block, and traditional [15]; elite swim training most commonly implements linear periodization models. Multiple studies show that linearly periodized models increase power, strength and cross-sectional muscle area compared to non-periodized models [91, 92]. Linear periodization in swimming shifts volume to intensity training ratios throughout the season to capitalize on desired responses [9]. The models take into account the necessity of recovery to avoid overtraining, but when recovery is improperly implemented, periodized models do not consistently produce intended performance outcomes [93].

[bookmark: _Toc141181431][bookmark: _Toc141181839][bookmark: _Toc141182143][bookmark: _Toc141184823][bookmark: _Toc141688553]Consequences of Overtraining
[bookmark: _Toc141181840][bookmark: _Toc141182144][bookmark: _Toc141184824]Overtraining Syndrome
	One primary concern of overloading athletes is the potential for an athlete to develop overtraining syndrome. Overtraining syndrome is a state of long term fatigue that typically occurs when an individual’s energy expenditure outweighs necessary recovery [94]. While the causes of overtraining syndrome are considered unknown, the widely accepted hypothesis involves biochemical and hormonal responses of the body. The theory focuses on the role of excessive exercise resulting in a combination of long-term glycogen depletion, autonomic imbalances, central fatigue, and improper hypothalamic regulation leading to endocrine disruptions. These physiological effects can take months to fully recover [94, 95]. While training with inadequate rest is the primary cause of overtraining syndrome, both psychological and environmental factors have been identified as common cofactors influencing the onset [94]. 
	Most commonly, overtraining syndrome is seen to impact athletes of endurance sports including running, swimming, rowing, and cycling [2]. While exact incidence numbers are lacking within the literature, studies have identified prevalence of overtraining; one study found that 60% of elite and 33% of non-elite female runners have been overtrained at some point during their careers [96]. Further, a study involving adolescent swimmers found prevalence of overtraining to average 34% [97]. With inconsistences of overtraining syndrome diagnosis, prevalence is typically reported as a large range effecting 30 to 60% of elite athletes during their lifetime [98]; regardless, this problem is widely acknowledged within elite endurance athletics [99].
	While overtraining syndrome is a result of physiological maladaptation, functional overreach is a form of overtraining. Functional overreach is often considered a method of inducing positive physiological adaptations and even super compensation; however, these beneficial effects are only observed when the period of overreach is followed by adequate recovery [94]. Functional overreach is the result of an intense training period that results in short term negative performance. The key to functional overreach is that the period of negative performance lasts no more than a few days [100]. When fatigue lasts more than a few days, the overreach becomes non-functional and results in extended time necessary to recover. Further, when non-functional overreach is undetected or recovery is neglected, overtraining syndrome can occur. Overtraining syndrome can require weeks to months for athletes to fully recover and return to their prefatigued performance status [101].
During peak training season, swimming training at the elite Division I level involves heavy training loads, often totaling more than 20 hours per week of exercise. The extensive hours and intensity of training required to become elite in the sport of swimming can leave swimmers susceptible to the development of overtraining syndrome [70]. Literature has found the most effective method of preventing overtraining syndrome is through the implementation of individual athlete monitoring [101, 102]. 
[bookmark: _Toc141181841][bookmark: _Toc141182145][bookmark: _Toc141184825]Additional Overtraining Consequences
	Overtraining is one of the leading causes of injury within the sport of swimming [103]. The most common injury within competitive swimming is overuse injuries of the shoulder. Research surveys have found that within a given year, 51% of competitive swimmers report shoulder pain [104]. Other studies report that swimmers also have high prevalence of overuse injury in the knees and lower back in addition to the shoulders [105, 106]. Within elite swimming, each individual athlete takes over one million strokes per arm in a given year [107]. Overtime, the additive effect of repetitive motions can lead to the degradation of joint ligaments, tendons, and muscles. When inadequate rest and recovery are given, athletes experience muscle fatigue, often causing the breakdown of stroke technique. Inadequate technique can then cause athletes to compromise their joints, often leading to the development of an overtraining injury [108]. 
	Research has found that periods of excessive intense training can cause the generally healthy high-performance athlete to experience immune system suppression, increasing the risk of illness [109]. During periods of high endurance training, athletes show increased prevalence of respiratory infection. It has been hypothesized that the excessive physical stress resulting from high training with inadequate recovery causes increased cytokine production causing depressed immune function [109]. Another study found that following exhaustive training sessions, athletes showed changes in lymphocyte count resulting in decreased immune function. While exercise has many positive benefits, overtraining seems to weaken the immune system leaving individuals at higher susceptibility to infection [110]. 
	In the context of swimming, a group of three researchers defined burnout as, “A withdrawal from swimming noted by a reduced sense of accomplishment, devaluation/ resentment of sport, and physical/ psychological exhaustion” [111]. A study conducted by Lemyre et al. (2007) was interested in understanding how self-determined motivation and overtraining each correlated to development of burnout within elite athletes. The 141 athletes within the study completed surveys and were evaluated for signs of overtraining. The results found that self-determined motivation was negatively associated with the development of burnout while overtraining was positively correlated with development of burnout [112]. Burnout is a common consequence of overtraining due to the excessive stress placed on the body with inadequate recovery causing physiological and psychological fatigue leading to dissatisfaction and exhaustion [113]. Burnout often results in athletes stepping away from sport to regain their energy. A strategy suggested to prevent the onset of burnout involves monitoring athletes to reduce the onset of overtraining [4].
[bookmark: _Toc141181842][bookmark: _Toc141182146][bookmark: _Toc141184826]Consequences of Overtraining Summary
	Overtraining can result in a wide range of consequences hindering athlete performance results and well-being. Physiological maladaptation can occur when an athlete accumulates fatigue without proper rest periods. Physical and psychological negative outcomes can result from overtraining. Physical consequences can include development of overtraining syndrome, injury, and illness while psychological consequences may include burnout or emotional and psychological distress. 
[bookmark: _Toc141181432][bookmark: _Toc141181843][bookmark: _Toc141182147][bookmark: _Toc141184827][bookmark: _Toc141688554]Autoregulated Training
[bookmark: _Toc141181844][bookmark: _Toc141182148][bookmark: _Toc141184828]Historical Background
	Aiming to bring individualization to training, potentially reducing the prevalence of overtraining, researchers have investigated autoregulation. Autoregulation is a form of programming that modifies individual’s training on a micro-cycle, typically based on physiological or psychological factors determining individual readiness to train [8, 114]. Research in the field of autoregulation first began in the 1940’s in the context of resistance training when researcher, Thomas DeLorme (1945), stated that atrophied muscles require recovery prior to enduring additional bouts of training [17]. In recent years, autoregulated models have grown in popularity with more coaches adopting individualized training. 
Unlike periodized training models, autoregulation avoids rigid training plans, regularly adapting training loads to meet the needs of given athletes. Mann et al. (2010) highlights that adaptations to training schedules may be micro- or meso-cycles involving daily, weekly, monthly, or yearly training adjustments based on the intended purpose of the regulation. It has been noted that daily monitoring of athletes captures the regular fluctuations in physiological and psychological states of athletes typically monitoring effects of stress. Differently, weekly and monthly monitoring may be better suited to evaluate long term physiological training adaptations, positive or negative [19]. 
[bookmark: _Toc141181845][bookmark: _Toc141182149][bookmark: _Toc141184829]Non-Linear Periodized Training Model
	One method of implementing autoregulation in athletics is through non-linear periodization. The concept was developed in 1988 when a researcher, Poliquin, became interested in the optimization training for American football players. Poliquin analyzed a linearly periodized model of training; the model involved a linear increase in intensity over the course of a training season. The findings of his analysis showed that steadily increasing intensity in training resulted in inadequate recovery as well as unsustainable muscle hypertrophy [115]. These findings stimulated an influx of research and exploration in the area of non-linear periodized training.
The most common utilization of non-linear periodization is coined daily non-linear periodization; in this model, the training load varies day-by-day. Less common, but also implemented, are weekly and biweekly non-linear periodized models which maintain set training loads for one to two weeks before adjusting training loads for the sequential one to two weeks [15]. Both methods change training load in a non-linear fashion in attempt to optimize training outcomes. Expanding upon the idea of altering training loads non-linearly, researchers began to evaluate the differences between individuals to identify factors that could be used to strategically modify training loads individually. This research led to a newer periodization type, flexible non-linear periodization. 
[bookmark: _Toc141181846][bookmark: _Toc141182150][bookmark: _Toc141184830]Flexible Non-Linear Periodization
	Flexible non-linear periodization, unlike linear and non-linear periodization, is focused on the momentary modification of training loads based on the readiness state an individual presents prior to an exercise [15, 18]. Modifications occur prior to, or within, workouts to allow the athlete to train within an intended intensity zone [15, 18]. Essential to the model of flexible non-linear periodization is that no workout is rigidly set until readiness is assessed. Readiness in the context of sport is a term attempting to describe how overall prepared an individual is to take on a specific activity [18]. To assess readiness, researchers employ various strategies to measure the internal resources an individual has readily available for an upcoming task. For example, Fleck (2011) discusses the use of a maximal vertical jump or standing long jump as methods of assessing readiness just prior to beginning a resistance training session. Failure to jump within 90% of maximal height or distance, for example, could indicate fatigue and cause a coach to decrease intensity of an upcoming training session [15]. Additionally, adjustments to training can be made within a session. If the intended repetitions within a set of back squats is eight and the trainee can only complete five repetitions with a given load, load may be decreased to achieve the desired goals of the training session. 
	Readiness can be assessed through a variety of methods to adjust or generate a training session. Fleck (2011) emphasizes that psychological stress, muscle soreness, and many other factors contribute to readiness to train; regardless of the reason for lack of readiness, training sessions are modified. It is important to note the flexible non-linear periodization does not always result in a decreased intensity or volume of training, but can result in increased intensity or volume when an individual has higher than usual readiness to train [15].
	In 2013, a study was conducted to assess how flexible non-linear periodized training with and without maximal effort training would impact strength and power within a group of cyclists. The implementation of flexible non-linear periodization in this study allowed participants to self-adjust intensity within each given training session with the goal of minimizing the risk of overtraining. The study showed all participants significantly increased both power and strength resulting from the flexible non-linear periodized models, further strengthening the potential positive effects on performance [116]. 
	In 2015, to continue to explore the potential effects of flexible non-linear periodization compared to non-linear periodization, McNamara & Stearne conducted another study within a group of beginning weightlifters. Both groups within the study completed the same overall training volume, but the non-linear group had a rigid training plan while the flexible non-linear group was able to choose on which day maximal training sessions were completed. The results found only a significant difference between groups when comparing leg press strength improvement. Researchers concluded that flexible non-linear periodized models may be effective in improving lower body strength [44].
	In 2016, to further compare flexible non-linear periodized and non-linear periodized models within resistance training, da Silva et al. conducted a study with untrained, but active, Brazilian Army skydivers. The design utilized random group assignment to place participants in a flexible non-linear periodized program, a daily non-linear periodized program, or a control group that would undergo no training. Following the 12-week program, the investigators found that both subjects within the flexible non-linear periodized program and the daily non-linear periodized program gained significant strength compared to the control group; however, there was no significant difference in strength gain between the two intervention groups. This study showed that within untrained individuals, flexible non-linear periodization and daily non-linear periodization were equally successful in increasing both maximal and sub-maximal strength [46].
[bookmark: _Toc141181847][bookmark: _Toc141182151][bookmark: _Toc141184831]Autoregulated Training Summary
	With increasing research supporting the adoption of individualized training plan modification, the body of literature studying autoregulation has grown. Referring to program management, autoregulation of training relies on individual readiness to guide training sessions [18]. Modification to training plans can range from momentary adaptations to monthly or yearly adaptions depending on the intended outcomes. Regardless, autoregulated programs lack rigidity and allow change. Both non-linear periodization and flexible non-linear periodization are methods by which autoregulation can be implemented [15, 18]. Non-linear periodization allows for training loads to vary daily, weekly, or monthly, but does not consider the readiness of an individual in adjusting daily load. Contrary, flexible non-linear periodization relies on individual momentary readiness to program training sessions. As a relatively new concept, limited studies have been conducted comparing flexible non-linear periodization with non-linear periodization; however, such studies have found mixed results. Some studies have found flexible non-linear periodized models to increase strength compared to non-linear periodized programs [44, 116] while others have shown no significant differences between the training programs [46]. Additional research is needed to better understand the effects of flexible non-linear periodization.
[bookmark: _Toc141181433][bookmark: _Toc141181848][bookmark: _Toc141182152][bookmark: _Toc141184832][bookmark: _Toc141688555]Athlete Monitoring/Purported Indices of Readiness
	With non-functional overreach and overtraining syndrome increasing in prevalence, monitoring athlete recovery is becoming increasingly important [101]. Several strategies have been utilized to monitor athlete recovery/fatigue progression; these strategies are typically considered either exhaustive or non-exhaustive. Exhaustive methods include assessing athlete performance and capacity through maximal physical performance tests. While effective in assessing changes in an athlete’s aerobic capacity, they are invasive and cannot be performed on a regular basis [117]. To best monitor athlete fatigue, non-exhaustive strategies are seen to be most effective. Non-exhaustive methods of monitoring athletes include athlete self-report of fatigue level, maximal vertical jump measurement, various measure of heartrate to assess autonomic function, hormone analysis, and enzyme analysis [117]. 
To monitor athlete training sessions, it is essential that athletes and coaches are aware of the state of readiness an athlete presents day to day. Readiness is a multidimensional and holistic depiction of how prepared an individual is to perform a specific task [16, 18, 69]. While complex, readiness can be assessed through a variety of measures, helping to understand athlete fatigue levels [39]. Some purported measures of athlete readiness include heart rate variability (HRV), maximal physical tests (i.e., maximal jump and one-repetition maximal resistance training exercises), waking cortisol levels, and perceived readiness. 
[bookmark: _Toc141181849][bookmark: _Toc141182153][bookmark: _Toc141184833]Heart Rate Variability (HRV)
One method of monitoring athlete recovery, recently growing in popularity, is HRV. HRV illustrates the changes in time intervals between consecutive heartbeats. The time between heartbeats over a period of time, HRV, reflects the ongoing balance between the two branches of the autonomic nervous system, sympathetic and parasympathetic. In response to stress, homeostasis is disrupted and the autonomic nervous system is activated to facilitate recovery from the disruption [118]. The presence of stressors is seen to increase activation of the sympathetic nervous system and reduce parasympathetic nervous system activation; these changes have been found to correlate with decreases in HRV [30, 31, 119, 120]. Increased time variability between heart beats has been associated with increased health outcomes and improved ability for the autonomic nervous system to respond to deviations from homeostasis [32]. Further, low variance between heart beats indicate impairments of the autonomic nervous system [33, 34]. Changes in the autonomic nervous system functioning, play a large role in monitoring athlete training. Positive adaptations resulting from training can be detected through increases in HRV [36] and progressions toward overtraining are detectible through decreasing HRV trends [37].
A between subject study investigated the difference in HRV presentation between overtrained athletes and control athletes. Hynynen et al. (2006) was specifically interested in understanding how HRV may differ between overtrained and control athletes both during sleep and immediately upon waking. Results have found that HRV did not differ significantly between the two groups during sleep, but HRV was significantly lower in the overtrained group upon waking [121]. These findings suggest overtrained athletes may experience autonomic impairments upon waking, potentially impacting ability to perform that day.
Exploring the relationship between HRV and progressions toward non-functional overreach and overtraining syndrome, Plews et al. (2012) conducted a within subject longitudinal study of elite triathletes. The study followed athletes through a season of training and competition. The researchers found that decreasing trends of seven-day HRV may be a marker showing progression toward non-functional overreach. Further, they state the importance of utilizing multiple data points of HRV overtime as opposed to isolated one-time measures to best predict physiological changes. Finally, decreases in HRV profiles were seen to indicate early signs of non-functional overreach [37]. 
	While HRV is affected by training adaptions, many other factors have also been shown to alter daily presentation of HRV. Nutritional choices have been found to impact HRV; consumption of omega-3 fatty acids, vitamin B, and probiotics have been seen to increase HRV while decreases in HRV are linked to consumption of saturated fats and high glycemic carbohydrates [122]. Both acute and chronic use of nicotine and tobacco products have been found to decrease HRV [123]. As many factors influence HRV, the consistency of measurements overtime are thought to be important to most accurately monitor autonomic nervous system adaptations when utilizing it as a tool to detect overtraining [124].
HRV is most reliably measured through the gold standard method using an electrocardiogram [35]; however, as the use of HRV as a method of measuring autonomic functioning has grown in popularity, consumer activity monitors have begun measuring HRV through wearable devices. 
[bookmark: _Toc141181850][bookmark: _Toc141182154][bookmark: _Toc141184834]Wearable Devices/ WHOOP Band
Wearable devices have the ability to accurately measure heart rate and HRV through the use of photoplethysmography. The WHOOP band has been validated against an electrocardiogram, the gold standard for measuring heart rate and HRV [35]. The WHOOP uniquely measures HRV only nocturnally during slow wave sleep. Slow wave sleep has been identified as the most important part of sleep for physiological recovery leading researchers to believe HRV measured during that time is most indicative of stress levels/recovery rates [35, 125]. 
In addition to heart rate-based measurements, the WHOOP provides users with recovery/readiness scores to increase the usability of the biological markers of readiness. The recovery scores are derived based on the multitude of measurements taken by the device including total sleep duration, time spent in each sleep stage [126], skin temperature measurements using contact thermography, respiratory rate, and the previously noted heart rate measures; validation studies have not been conducted on the recovery scores due to the complexity of the computed score [35]. The recovery score intends to provide consumers with a value, or percentage, which can then be used to assist individuals in regulating the intensity of training or level of stress their body is prepared to handle that specific day. 
	The WHOOP, along with other wearable activity monitors, have broadened the availability of physiological measurements to the general public and athletic communities. The technological advancements are allowing physiological markers of fatigue, readiness, and recovery to be portable, less expensive than laboratory research tools, increasingly user-friendly, and allow individuals to access real-time physiological measurements [127].
	While there are benefits to wearable activity monitoring devices, there are also noted shortcomings. While many researchers agree that wearable monitors will become a useful tool across fields where monitoring people is necessary (i.e., patients in hospital settings, athletes, elderly individuals, and high-risk populations), studies discuss improvements in device interoperability and population acceptance as essential barriers to overcome [128]. Further, of the activity monitors on the market, only 5% of devices have been validated. Validation of consumer monitors require time and money reducing the desire of companies to invest in validation. However, lack of validation exposes devices to inaccurate data collection and presentation [129]. Additionally, while wearable devices have improved significantly in the quantity and quality of data they can produce, they are not fully capable of monitoring all aspects of individual health. Measures such as hormonal analysis, sweat monitoring, and hydration status are not detectable by such devices [130]. While potentially beneficial devices, without improvements, these devices are not yet an all-inclusive monitoring system.
[bookmark: _Toc141181851][bookmark: _Toc141182155][bookmark: _Toc141184835]Cortisol
Cortisol is a glucocorticoid secreted within the adrenal cortex in response to activation of the sympathetic nervous system; it is commonly referred to as the stress hormone due to its secretion in response to internal and external stressors.  [131]. Additionally, cortisol is often used as a measure to detect stress due to the differentiability of bodily responses from particular stressors [132].
Exercise is a common stressor that elicits increases in cortisol secretion. A study investigated the exercise intensity necessary to elicit significant increases in cortisol levels within a group of 30 males. The results of the study found that at both 60 percent and 80 percent of maximal intensity exercise, cortisol levels were significantly elevated in comparison to both resting and 40 percent intensity. These findings confirm prior research suggesting that moderate to high levels of physical activity increase stimulation of the hypothalamic pituitary axis, stimulating the release of cortisol [133].
Further investigating the correlation of cortisol levels to exercise intensity, studies indicate that following maximal exercise, cortisol levels may appear depressed for up to 24 to 48 hours following the exercise bout. The study conducted by Anderson et al. (2016) analyzed cortisol and testosterone levels of 12 male endurance athletes from 48 hours prior to an exhaustive exercise bout through 48 hours after. The results of the study found that cortisol levels were significantly lower at 24 hours following exhaustive exercise than they were prior to the exercise session [27]. These trends suggest that immediately following exercise, cortisol levels are elevated; following exhaustive exercise, cortisol levels may deplete and remain depleted for up to 48 hours. Such evidence supports the claim that exercise affects the secretion levels of cortisol.
[bookmark: _Toc141181852][bookmark: _Toc141182156][bookmark: _Toc141184836]Waking Cortisol
	Cortisol measurements can be taken throughout the night and day; however, empirical evidence suggests that cortisol measurements taken within the first 30 minutes of awakening in the morning show the strongest correlations to variables such as stress and health [24]. Upon waking, cortisol levels are seen to peak, then continually decrease throughout the day until the daily low, which is typically seen during the middle of the night [134]. The morning cortisol concentration peak is hypothesized to be a hormonal response to the event of waking. The event of waking disrupts the homeostasis established during sleep and the spike in cortisol concentration reestablishes homeostasis [135, 136]. Waking cortisol is known to be a measure of hypothalamic pituitary axis response [137]. 
It is thought that anticipation or stress relating to future events could contribute to variations in waking cortisol concentration [138, 139]. Literature has shown strong correlations between increased reported stress/ fatigue and decreased waking cortisol [138]. Due to the correlations between stress, fatigue, and waking cortisol, it has become a common method of monitoring athlete training progressions. In a study conducted by Anderson et al. (2018), runners were recruited to complete daily training logs and collect saliva each morning immediately upon waking and 30 minutes post-waking. The researchers utilized the training logs to calculate training load. Results of this study illustrated a significant negative relationship between training load and waking cortisol levels [28].
Further investigating of the use of waking cortisol as a method to monitor athletic training, researchers at Campbell University evaluated the longitudinal changes in waking salivary cortisol within female Division I lacrosse players over the course of a 12-week season. The researchers were interested in understanding how varying loads of physical and emotional stress would impact weekly changes in salivary cortisol measurements. Additionally, the researchers analyzed the relationship between the athlete’s subjective perception of their daily wellness and their waking salivary cortisol. Within this study, wellness was accessed by asking participants to rate their muscle soreness, sleep quality, fatigue, and stress once per week on a set day of data collection. Overall, the researchers found that there was no significant relationship between cortisol measurements and perceived wellness. The study results also showed no weekly changes in waking cortisol levels but observed an overall decrease in cortisol levels throughout the season. Ultimately, the researchers concluded that longitudinal measures of cortisol may not be an effective way of monitoring athlete load and recommended acute cortisol measurements as a more favorable method of monitoring athlete stress [140].
A study following collegiate swimmers throughout a 14-week competitive season were interested in observing changes in waking cortisol levels in response to training. The results of this study found that waking cortisol steadily increased throughout the season. Interestingly, the researchers observed that waking cortisol measures did not significantly change after periods of rest, contrary to their hypothesis [29]. 
Additionally, it has been reported that factors including gender, medication, and health status may all contribute to individual waking cortisol concentrations [138]. One study assessed the gender specific response of cortisol to swimming endurance training. The study lasted 18-weeks; during the first nine-weeks the swimmers averaged 5,500 meters daily, the volume increased to 8,300-meter daily average the second nine-weeks. The results of this study showed that both males and females had increased cortisol levels at week 18 that did not significantly differ by gender. However, females within the study experienced significantly greater increases in cortisol at week nine of training compared to males. These results suggest male and female waking cortisol responses may be impacted differently by training volume [141]. 
Due to the extensive correlations observed between waking cortisol and training stress, it is commonly used as a method to detect overtraining [142, 143]. Although, a beneficial tool in athlete monitoring of overtraining development, a systematic review assessing hormonal analysis as a method of monitoring athletic training noted that several studies, relying fully on cortisol measures as a method of detecting overtraining, improperly diagnosed athletes [144]. Such evidence supports the use of multiple tools in correlation with waking cortisol to determine training progressions. 
[bookmark: _Toc141181853][bookmark: _Toc141182157][bookmark: _Toc141184837]Subjective Readiness
	Accumulation of fatigue, physiological adaptions, and stress are detectable through various measures, some of which psychological measures can be used to evaluate. Athlete monitoring may involve evaluating athletes further than the objective measures demonstrated physiologically. Assessing subjective readiness, mood, and perceived recovery have been noted as important aspects of athlete monitoring [41].
	Studies have shown that subjective measures of athlete monitoring fluctuate with both acute and chronic training loads. Athletes tend to rate lower on subjective readiness scales when subject to increased training loads [42]. Additionally, Saw et al. (2016) noted that subjective measures varied significantly from objective measures with no identifiable comparison between them. This finding indicated that psychological evaluations may capture aspects of readiness undetectable by physiological markers; both types of readiness monitoring are likely necessary to depict holistic athlete recovery and readiness [41, 42].
	A study consisting of moderate to highly recreationally active participants, analyzed psychological as well as physical indicators of readiness 24 and 48 hours after an intense training session. The exercise session which the participants engaged in was designed to mimic a demand of a soccer match. A readiness-to-train questionnaire was used to assess subjective readiness while a countermovement jump was used to gauge physical readiness. The results of this study found that following the exercise session, only subjective readiness was impacted, the objective marker of countermovement jump showed no significant difference. Following the exercise session, the participants reported feeling less physically and mentally strong as well as feeling sorer. The study further illustrated how subjective readiness can be utilized to monitor fatigue accumulation. Also, the results showed that the detectable fatigue threshold of subjective and objective measures may differ [145].
Other researchers have conducted studies aimed to better understand the specific psychological variables that underlie an individual’s readiness to participate in exercise. Strohacker and Zakrajsek recruited university aged participants for a survey-based study to assess factors contributing to individual readiness to exercise. They found that vitality, physical fatigue, discomfort, and health were the four primary variables contributing most significantly to an individual’s subjective readiness to engage in exercise. The research serves as an important step in the future development of brief subjective monitoring tools as it was the first to empirically validate the existence of multiple domains of readiness [16, 49]. 
Measurements of readiness can be correlated to individual perceptions of stress; specifically, readiness demonstrates how the interpretation of stressors impact perceived ability to perform certain activities [44]. Examples of stressors that have been associated with decreased energy levels, impacting readiness-to-train, include physical activity level, sleep quality, illness/health status, injury, mood state, and work/school load [146]. Readiness plays a large role in determining individual behavior; decreased perceived readiness has been associated with decreased willingness to exert effort [16]. Furthermore, accumulation of stress has been related to decreased recovery, largely impacting readiness.
[bookmark: _Toc141181854][bookmark: _Toc141182158][bookmark: _Toc141184838]Acute Readiness Monitoring Scale (ARMS) 
	Several surveys and questionnaire exist that are aimed to capture the subjective readiness of individuals. The ARMS was designed for the specific use by military personnel in their assessment of readiness for combat. The ARMS is a validated questionnaire which assesses readiness. The ARMS analyzes nine components—cognitive readiness, physical readiness cognitive fatigue, physical fatigue, threat-challenge readiness, group-team readiness, skills training readiness, equipment readiness, and overall readiness—to determine individual acute performance readiness [69]. Validation studies have determined the reliability of the ARMS to measure readiness [147]. 
While military and sport performance are not the same, there are overlapping components of readiness that have allowed the ARMS to be modified for sport readiness monitoring. The scale was designed with the intent to capture acute performance specific readiness [69], similar to that of training and competition sessions for athletes. Within a validation study for the ARMS conducted by Summers et al. (2021), one aim was to assess the usability of the ARMS for non-military contexts. For the purpose of the study, the researchers did not utilize the group-team readiness, skills training readiness, or equipment readiness factors of the original ARMS as those subscales are thought to have the most significance for military personnel. Additionally, they utilized a cognitive performance test as a marker of performance and sleep deprivation as a controlled stressor. The researchers note the potential relevance of the subscales, physical readiness, physical fatigue, cognitive readiness, cognitive fatigue, and threat-challenge readiness in elite athletics and the importance of further research using the ARMS within athletic populations [147].
[bookmark: _Toc141181855][bookmark: _Toc141182159][bookmark: _Toc141184839]Athlete Monitoring/Purported Indices of Readiness Summary
	To best manage the training progression of athletes, preventing overtraining and the related consequences, research suggests regularly utilizing non-exhaustive methods to monitor athletes [117]. Additionally, there are various methods that can be used to capture the readiness, fatigue, and recovery of athletes. The methods are typically grouped as either physiological or psychological measurements. Studies suggest both physiological and psychological measures have merit in their ability to monitor athletes, but current literature suggests the two sectors may measure different aspects of fatigue/readiness/recovery. Overall, measuring both physiological and psychological athlete readiness in future research may help better understand the relationship between the variables to best monitor athlete training.
[bookmark: _Toc141181434][bookmark: _Toc141181856][bookmark: _Toc141182160][bookmark: _Toc141184840][bookmark: _Toc141688556]Training-Related Well-being
	The concept of well-being has emerged from the philosophical questioning of how one achieves a good life [148]. The study of well-being is founded on Aristotle’s two philosophies both related to happiness, hedonism and eudaimonism. Hedonism philosophy says good life comes from pleasure [149]; while eudaimonism says good life comes from reaching human potential [150]. From these concepts, many definitions have evolved to capture the meaning of well-being [151]. One accepted definition developed by Hubbert et al. (2004) defined well-being as a positive state allowing for an individual to thrive. The positive states described include psychological (i.e., positive emotions, attitudes, and mental processes), physical (i.e., vitality and capability), and social (i.e., bonds and relationships) [54]. While this definition is accepted in the ‘point of view’ context, an all-encompassing definition has yet to emerge [151]. 
Further, debate exists on the best way to measure and assess well-being. While the most common and gold standard measure of well-being remains subjective report, some argue subjective interpretations are unreliable and suggest use of advanced brain scans to objectively monitor neurological activation [54]. Recent studies have found that there is a strong connection between well-being and the anterior cingulate cortex in the brain as well as moderate connections with regions such as orbitofrontal cortex, posterior cingulate cortex, superior temporal gyrus, and the thalamus [151]. Such advancements contribute to the debate regarding gold standard method of well-being assessment. 
Well-being within the context of sport has piqued the interest of researchers as it has been seen to relate to enjoyment and burnout rates of athletes. Physical activity has many benefits and in many circumstances contributes to positive states of well-being and decreased rates of depression within athletes [152, 153]. However, evidence has shown that stress induced by negative coach-athlete relationships, pressure of performance, and training stress, can result in depleted well-being [154]. Additionally, when an athlete is overtrained or experiences other negative outcomes (i.e., injury, illness, burnout, and psychological maladaptation), perceptions of well-being are seen to decrease [155, 156]. Within a group of female marathon runners, perceived well-being was significantly diminished when the athletes were exhausted during peak training. Additionally, the researchers found there was a significant inverse relationship between burnout and well-being at the end of the designated training period [57].
While the importance of monitoring well-being within athletics is recognized, there is a lack of sport-specific tools to measure well-being. Most commonly, researchers assess aspects which may indicate well-being. Such indicators may include satisfaction, affect, self-esteem, vitality, and psychological distress [157]. While likely not a complete depiction of an athlete’s well-being, such indicators are thought to encapsulate important components of well-being [56].
[bookmark: _Toc141181857][bookmark: _Toc141182161][bookmark: _Toc141184841]Purported Indicators of Training-Related Well-Being
[bookmark: _Toc141181858][bookmark: _Toc141182162][bookmark: _Toc141184842]Affective Response
Affect, the perception of pleasure or displeasure associated with a specific event [60], is becoming an increasingly explored research topic in the context of future behavior predictions [158-160]. Within the general population, as exercise intensity increases, approaches, and surpasses ventilatory threshold, the point when ventilation rate begins to exceed the rate of oxygen consumption [161], decreased pleasurable feelings are reported [61]. Increased feelings of pleasure with exercise have been correlated with increased rates of exercise adherence, or desire to repeat an activity [63]. Decreased pleasurable feelings in the context of sport may contribute to burnout, typically noted as emotional exhaustion [64].
Most commonly, two surveys are used to gauge affective response to exercise, the Felt Arousal Scale [162] and the Feeling Scale [163]. The Felt Arousal Scale assesses level of perceived arousal (i.e. high/low) while the Feeling Scale assesses level of pleasure (i.e. pleasant/unpleasant) [164]. The relationship between these two scales has been evaluated to understand potential correlation between arousal and pleasure. Ekkekakis and Petruzzello found than during an exhaustive stepwise treadmill run, participant ratings of pleasure decreased as ratings of arousal increased [165]. Another study found similar results in a population of recreationally active individuals. The study found that when running on a treadmill, pleasurable feelings were observed to decrease at intensities above 80% of participant maximal heart rate. It was reported that pleasurable feelings were seen to remain elevated when exercise intensity was kept below 80% of maximum heart rate [166]. Further, it has been observed that allowing individuals to cycle at self-selected speeds, which they perceive as comfortable, increases ratings of pleasure [167] 
Typically, exercise intensity exceeding ventilatory threshold, the point when ventilation rate begins to exceed the rate of oxygen consumption [161], is correlated with decreased pleasurable feelings [61]. However, studies suggest that elite athletes may have a different relationship between exercise intensity and pleasurable experience [62]. Within a study composed of both elite trained runners and non-runners, cortisol and affective response were measured following a 30-minute treadmill run at 60% of maximal oxygen consumption. The results of the study found no significant differences between cortisol levels of both groups; however, the untrained group rated the exercise as both significantly more strenuous and less pleasurable than the trained athletes [62]. In competitive swimmers, disturbances to mood state have been reported when athletes were prescribed rapid increases in volume during training. For example, in one study researchers increased daily training volume from 4,000 meters to 9,000 meters for 10-days; during this time period, the athletes reports of anger, fatigue, and depression significantly increased [168]. Such reports indicate unpleasurable feelings are reported within elite athletes; however, the relation may be a result of increased volume as opposed to increased training intensity. Even for very elite athletes, there is a point in duration of exercise where mood seems to diminish [169].
[bookmark: _Toc141181859][bookmark: _Toc141182163][bookmark: _Toc141184843]Performance Satisfaction
	Sport performance is the result of both self-interpretation and the interpretation of others [170, 171]. Objectively, performance in the sport of swimming is a result of the speed which one can propel themselves through the water [172]. Faster times are correlated with improved performance. However, subjective interpretation of performance monitors the satisfaction one feels; studies indicate that individuals with high self-efficacy, belief in one’s ability, are more likely to experience high performance satisfaction [173]. Performance satisfaction is a complex interpretation of factors influencing the contentment one feels toward their performance (i.e., effort, performance outcomes, interactions with competitors, technical execution) [65, 174, 175]. Often, satisfaction within the sport context relates to the degree which one feels they met or failed to meet their expectations [176].
	Further, accumulated stress has shown correlations with ratings of performance satisfaction. One study assessed how pre-competition stress related to performance satisfaction. Utilizing the Stress Appraisal Measure [177], the researchers measured pre-event stress of 557 athletes and found that pre-competition stress was negatively associated with performance satisfaction evaluated after the event [178]. 
	Within a study assessing Olympic and elite junior athletes in Norway, researchers aimed to understand how various factors relate to burnout. The researchers found evidence supporting a negative relationship between performance satisfaction and burnout. It was concluded that an elite athlete’s perception of failure to meet their goals and expectations increased their risk of burnout [179]. While research regarding burnout prevention strategies is limited, some researchers suggest monitoring performance perceptions may allow early detection of burnout [180].
[bookmark: _Toc141181860][bookmark: _Toc141182164][bookmark: _Toc141184844]Perceived Exertion
	Perceived exertion refers to the degree of strain an individual reports expending during a specified activity [67]. Perceived exertion has been discussed in its application to sports including the use of perceived exertion to monitor accumulated stress of athletes during training and to assess perceived recovery following training [181]. Most commonly used to report rating of perceived exertion are Borg’s tradition Perceived Rating of Exertion Scale and the shortened version, Borg’s Category Ratio – 10 Scale [67, 182, 183]. A correlation between objective performance outcomes and ratings of perceived exertion has been observed [184]. When soccer players from one study performed objectively well, they had a tendency to rate their perceived strain as lower than when a performance was objectively not as good. This relationship was thought to have potential correlation to the increased stress the players reported during poor performances [184].  
Ratings of perceived exertion have been found to be reliable measures of exercise intensity and indicators of adaptions resulting from training [185, 186]. Additionally, one of the many signs of overtraining includes decreased ratings of perceived exertion during constant exercise loads [143]. Literature also reports ratings of perceived exertion are impaired, do not align with expected strain, in overtrained individuals [68]. It has been recommended that both objective and subjective measures of training and performance data should be implemented into training programs, such measures may include ratings of perceived exertion, mood evaluation, and lactate testing [187]. 
[bookmark: _Toc141181861][bookmark: _Toc141182165][bookmark: _Toc141184845]Training-Related Well-Being Summary
	Well-being in the context of athletic training has evolved from philosophical concepts relating to happiness [148]. While most commonly assessed through subjective report, some argue neurological activation should be the gold standard measure [54]. While well-being lacks a comprehensive assessment tool, indicators of well-being can be evaluated to capture components of well-being [157]. Such indicators include affective response, performance satisfaction, perceived exertion, and psychological distress [56]. Further, increases in training-related well-being have been shown to be significantly correlated with decreased burnout development [155, 156].
[bookmark: _Toc141181435][bookmark: _Toc141181862][bookmark: _Toc141182166][bookmark: _Toc141184846][bookmark: _Toc141688557]Current Literature Assessing Both Psychological and Physiological Readiness
Current literature is limited regarding the examination of the relationship between physiological and psychological aspects of readiness; however, several studies have begun to explore the correlation. In attempt to improve the ability to monitor athlete stress in response to training over the course of a competitive season, Fields et al. (2020) analyzed relationships between cortisol and testosterone, HRV, and perceived recovery and fatigue within a NCAA Division I female lacrosse team. The study measurements of all variables were collected once weekly at approximately 10:50 am prior to a scheduled practice on non-competition days for 13 weeks. Over the course of the study, cortisol levels were seen to increase with large variance between participants. While insignificant, HRV was seen to increase over the season, but also appeared to be person specific in regard to the amount increased; it was stated that differences in training are the likely impacting factor of this observed difference. The results of this study found that HRV had a weak negative correlation to both perceived fatigue and cortisol measurements. Additionally, the results of this study emphasize the importance of individual athlete monitoring due to the inter-individuals differences observed [188].
More recently, a validation study for the ARMS conducted by Summers et al. (2021) furthered the small body of literature investigating the relationship between psychological and physiological measures of readiness. The research team exposed a group of young adults to a 24-hour sleep deprivation, a common research method to induce stress on the body, to evaluate the effects of stress on physiological markers of readiness (walking salivary cortisol and HRV) and psychological readiness (ARMS). The study concluded that stress induced by sleep deprivation resulted in decreased waking salivary cortisol. They also found decreased waking salivary cortisol to be correlated with decreased readiness measured by the ARMS. The results of the study did not find a correlation between HRV and readiness measured by the ARMS [147]. While this study provides a correlation between sleep deprivation as a stressor, waking salivary cortisol, and readiness measured by the ARMS, further research is needed to determine if other stressors, including exercise, also elicit correlations between these variables. 
In 2019, a study conducted by researchers in France assessed both physiological and psychological measures of readiness within a group of 15 national level competitive swimmers. Within this study, all participants were subject to the same training sessions for a 12-week period. Data was collected on three days throughout the 12-weeks, one day every six-weeks. Additionally, the participants collected saliva samples to assess cortisol, participated in a five-minute submaximal run followed by a five-minute recovery to capture HRV, and completed a reduced version of the Recovery-Stress Questionnaire for Athletes to assess perceived stress levels on each day of data collection. Overall, the researchers found no correlation between salivary cortisol over the course of the study. Further, they reported decreased HRV and increased stress reports during the first six-weeks of the study followed by the opposite effect following a period of decreased training load at the end of the study. The decreased training load was also observed to be correlated with reduced unpleasant emotions and increased pleasant emotions. As one of the first studies assessing physiological and psychological markers of athlete recovery and stress, specifically analyzing swimmers, this study serves as important field literature [189].	
[bookmark: _Toc141181436][bookmark: _Toc141181863][bookmark: _Toc141182167][bookmark: _Toc141184847][bookmark: _Toc141688558]Review of Literature Conclusion
	Overall, this review highlights the current methods employed within elite swimming (periodized training) to monitor athlete training progressions. When the balance between energy expenditure and recovery is imbalanced, consequences of overtraining (i.e., injury, illness, overtraining syndrome, and burnout) may arise as noted within the review. The concept of autoregulation explores the individualization of athlete training monitoring as a method of improving training adaptations and preventing consequences of overtraining. Several indices of readiness have been defined and utilized in autoregulated training management; however, it is unclear how each measure relates to one another or how each measure relates to training outcomes (markers of well-being). While several studies have begun to explore these relationships, much literature is required to understand practical applications of readiness and autoregulation in the field of athlete training. 
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[bookmark: _Toc141688559]Chapter III: Methodology
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[bookmark: _Toc141688560]Overview
	The methodology of this study was designed to investigate training-related readiness and training-related well-being of National Collegiate Athletic Association (NCAA) Division I swimmers at a southern university. To explore the relationship between physiological and psychological measures of training readiness, heart rate variability (HRV), waking salivary cortisol, and subjective readiness were measured (Aim 1). To analyze the relationship between the designated measures of physiological and psychological training readiness and athlete training-related well-being, performance satisfaction, perceived exertion, and affective response were collected in addition to the readiness measures (Aim 2). Data was collected over the course of three-weeks, two times weekly.
[bookmark: _Toc141181439][bookmark: _Toc141181866][bookmark: _Toc141182170][bookmark: _Toc141184850][bookmark: _Toc141688561]Participants
	Participants (n=9) were recruited by the primary investigator via an in-person announcement held prior to a required training session at a time allotted by the head coach of the university. Interested participants completed a short survey to ensure they met the study eligibility requirements (Table 1).
[bookmark: _Toc141688562]Procedure
The participation consent form was signed, following eligibility confirmation, during individual orientation sessions. Following consent, the participants completed two baseline questionnaires (Perceived Stress Scale and Brief Resilience Scale), provided demographics, and were familiarized with the study protocol all during the orientation session.




[bookmark: _Toc141353504][bookmark: _Toc141354183][bookmark: _Toc141446011][bookmark: _Toc141446047][bookmark: _Toc141688596]Table 1: Participant Eligibility Criteria. Inclusion and exclusion criteria for study participant enrollment.
	Inclusion Criteria
	Exclusion Criteria

	18 to 25 years of age
	Does not meet inclusion criteria


	Active member of the specified southern university National Collegiate Athletic Association (NCAA) Division I swim team

	Injury or illness preventing regular practice attendance

	Active use of a WHOOP 4.0 activity monitor (worn for a minimum of 6 days per week, 20 hours per day, for the 30 days leading up to the start of data collection)

	Use of the WHOOP 2.0 or 3.0 band

	Ownership of a smart phone with access to internet, screenshot capabilities, and the ability to download the WHOOP smartphone application

	Placement of the WHOOP 4.0 band at a location other than the wrist

	Working freezer within residence
	Active ingestion of selective serotonin reuptake inhibitors
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	Over the course of three weeks, each participant collected data two days per week to measure “within week” effects (Figure 1A). The sport of swimming often requires athletes to practice two times per day. To reduce variation in timing of data collection between participants, data collection only occurred on days when the athletes had single swim practice, specifically in the afternoon. Depending on whether the athlete practiced in the lower or upper distance training group determined which days of the week collection occurred. The lower distance athletes collected data on Tuesday and Thursday each week while the upper distance athletes collected data on Wednesday and Thursday each week. 
On each designated day of data collection, the participants received four texted Qualtrics survey links throughout the day to be completed at specified times, upon waking, pre-warm-up, post warm-up, and post practice session (Figure 1B). The waking survey consisted of the Acute Readiness Monitoring Scale (ARMS) to gauge subjective readiness for the upcoming afternoon training session, asked the participant to report the HRV measured overnight by their WHOOP 4.0 device, and prompted the participant to collect a passive saliva sample. The pre-warm-up text link was completed by the participant prior to beginning the on-land warm-up and included only the ARMS to gauge subjective readiness for the upcoming afternoon training session.  The post warm-up link was completed by the participant after finishing the on-land warm-up prior to getting into the pool and also only contained the ARMS to gauge athlete’s subjective readiness for the swim practice immediately prior to beginning. The post practice survey was completed within one-hour of the training session conclusion. The survey included the Athlete Perceived Performance Satisfaction Questionnaire (ASPS), the Feeling Scale (FS), and the Category Ratio-10 (CR-10) to assess training-related well-being.
All data was collected via event-contingent ecological momentary assessment (EMA) strategies. The surveys remained consistent for each participant during each of the six total days of data collection. 
[bookmark: _Toc141688563]Data Collection and Analysis Tools
Orientation Measurements
Brief Resilience Scale (BRS) [190]: The BRS is a commonly used scale to quickly and accurately assess an individual’s ability to “bounce back” from a stressful encounter or event. As opposed to other resilience scales, the BRS focuses on how the interpersonal skills of each individual affect their response to stress. This scale was used to assess baseline stress resilience of the participants. 
Perceived Stress Scale (PSS) [191]: the PSS is a retrospective scale used to measure the perceived stress of an individuals over the 30 days prior to the assessment. This scale was used to assess baseline stress perception of the study participants.
Event-Contingent Ecological Momentary Assessment (EMA) Surveys
Waking Qualtrics Survey: the link was sent to participant at 4 am, prior to waking for the participant to completed upon waking. The survey prompted participants to complete the ARMS, HRV via WHOOP app screenshot, and collect a passive saliva sample. 
Pre-Warm-Up Qualtrics Survey: this link was sent to the participants one hour prior to the designated start time of their afternoon practice to be completed prior to beginning on-land warm-up and included the ARMS.
Post-Warm-Up Qualtrics Survey: this link was sent to the participant at the designated start time of practice to be completed by the participants after finishing the on-land warm-up prior to getting into the pool and included the ARMS. 
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[bookmark: _Toc141353052][bookmark: _Toc141354234][bookmark: _Toc141446087][bookmark: _Toc141688637][bookmark: _Toc141866847]Figure 1: A) Data Collection Timeline. All participants were recruited at a singular recruitment session and attended orientation session to sign consent and become familiarized with protocols. Data collection consisted of six total days over three consecutive weeks, two days of data collection per week. B) Contents of Daily Event-Contingent Ecological Momentary Assessment (EMA) Surveys. Within each of the six days of data collection, participants were sent four text links to be completed upon waking, pre-warm-up, post warm-up, and post practice. Waking contents included the Acute Readiness Monitoring Scale (ARMS), heart rate variability (HRV) report, and prompting to collect saliva sample. Pre-warm-up and post warm-up contents included only the ARMS. Post practice included training well-being measures, Category Ratio – 10 (CR-10), Feeling Scale (FS), and Athlete’s Subjective Performance Satisfaction (ASPS).
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Post-Practice Qualtrics Survey: this final link of each day of data collection was texted to the participants at the scheduled end time of practice and was to be completed within one-hour of the training session conclusion. The survey included the ASPS, the FS, and the CR-10.
[bookmark: _Toc141181871][bookmark: _Toc141182175][bookmark: _Toc141184855]HRV Measurement 
WHOOP 4.0: The WHOOP 4.0 is a consumer activity monitor that collects a variety of data nocturnally and diurnally providing consumers with scores depicting recovery level each day, daily strain scores illustrating the cardiovascular load the individual experienced that day, and sleep coaching to help individuals recover properly following intensive training or high stress periods of time. The WHOOP 4.0 continually measures heart rate (HR), temperature, accelerometer, and gyroscope data to capture physical activity levels throughout the day. Consumers utilize the WHOOP app on their personal electronic devices to access and view the data collected by the WHOOP 4.0. In addition to the continual data collection, the WHOOP 4.0 estimates resting heart rate, HRV, respiratory rate, skin temperature, and blood oxygen saturation during slow wave sleep. The WHOOP 4.0 also estimates duration of time spent in each sleep stage and total sleep time. The WHOOP devices utilize photoplethysmography to record both HR and HRV; these measurements have been validated against electrocardiogram measurements, the gold standard measurement of HR and HRV [35]. This study utilized the WHOOP 4.0 measures to gather HRV measurements. All HRV measures were taken in milliseconds (ms). Participants reported HRV values measured by the WHOOP 4.0 via screenshot of their individual WHOOP smartphone application each morning of data collection. 
[bookmark: _Toc141181872][bookmark: _Toc141182176][bookmark: _Toc141184856]Salivary Cortisol Measurement 
The Arbor Assays Salivary Cortisol Enzyme Immunoassay (ELISA) Kit: Salivary cortisol collected in this study was analyzed using the Arbor Assay Salivary Cortisol ELISA Kit. The kit included five clear coated 96 well plate, cortisol standard, cortisol antibody, cortisol conjugate, assay buffer concentrate, dissociation reagent, wash buffer concentrate, TMB substrate solution, stop solution, and plate sealer. Participants were provided instructions for proper saliva collection. The instructions included no eating, drinking, and teeth brushing 60 minutes prior to collection, and mouth rinse with filtered water rinse 10 minutes prior to collection. All saliva was collected via passive drool into pre-labeled sterile polypropylene vials upon waking. The Arbor Assays Salivary Cortisol Enzyme Immunoassay (ELISA) Kit procedure (Arbor Assays DetectX®) was followed to analyze all saliva samples at the conclusion of the study. All cortisol concentrations were measured in the units of picograms per milliliter (pg/mL). Current literature indicates the strongest correlation between stress accumulation and exercise levels, detected by cortisol, is observed when cortisol samples are taken within 30 minutes of the participant waking as opposed to at other time points throughout the day [24]. Immediately after collection, participants were told to place their sample into home freezers to prevent saliva degradation.
[bookmark: _Toc141181873][bookmark: _Toc141182177][bookmark: _Toc141184857]Acute Readiness Monitoring Scale (ARMS)
ARMS [69]: The ARMS is a 32-question scale aimed to depict individual subjective capacity and preparation to perform specific activities. The questionnaire was designed for use with military personnel to gauge soldier perceived combat readiness. The full-scale analyses nine factors of readiness: overall readiness, physical readiness, physical fatigue, cognitive readiness, cognitive fatigue, threat-challenge readiness, group-team readiness, skills training readiness, and equipment readiness. Five of the original nine factors pertaining to athletics, physical readiness, physical fatigue, cognitive readiness, cognitive fatigue, threat-challenge readiness, were assessed in this study. The start of the survey was prompted with the phrase “please answer the following questions in relation to how ready you feel for any upcoming task or challenge” [69]. The ARMS was administered three times per day of data collection, upon waking, prior to warm-up, and immediately following the first 15-minute on-land warm-up. The ARMS scale is a validated and reliable measure of obtaining subjective readiness [147]. 
[bookmark: _Toc141181874][bookmark: _Toc141182178][bookmark: _Toc141184858]Post Practice Measurements 
Category-10 Ratio (CR-10) Scale for Ratings of Perceived Exertion [67]: the CR-10 is a validated scale used to measure perceived strain during an exercise bout (Borg et al., 1987); it was used to measure participant perceived exertion during the practice session. The CR-10 was completed by the participants after practice on each day of data collection.
Feeling Scale (FS) [163]: the FS was used to measure recalled in-task affective valence of individual training sessions. The scale measures the subjective feelings of pleasure and displeasure immediately after completing the given task. The FS is a frequently used tool to gauge affective response to exercise. The FS was completed by the participants after practice on each day of data collection.
Athlete’s Subjective Performance Satisfaction (ASPS) Scale [174]: The ASPS scale is designed to evaluate subjective athletic performance satisfaction, specifically for athlete’s within team sports. The scale is intended to be completed following a prompt to rate performance during the past week based on the individual’s opinion. For the purpose of this study, the scale was adjusted for participants to rate their performance during a single practice session, not a week of practice. The participants completed the ASPS after practice on each day of data collection.
[bookmark: _Toc141181442][bookmark: _Toc141181875][bookmark: _Toc141182179][bookmark: _Toc141184859][bookmark: _Toc141688564]Data Reduction Methods
	No data reduction was done for HRV data nor salivary cortisol concentration data. Both of these measurement values were analyzed in the units which they were obtained, milliseconds and picograms per milliliter for HRV and cortisol, respectively. See above sections for more information. To utilize all survey, questionnaire, and scale measures, data reduction was conducted.
Both the Brief Resilience Scale and the Perceived Stress Scale are Likert scale questionnaires. The Brief Resilience Scale consists of six questions scored on a five-point Likert scale (1= strongly disagree, 2= disagree, 3= neutral, 4=agree, 5= strongly agree). Questions two, four, and six were reverse scored (5= strongly disagree, 4= disagree, 3= neutral, 2=agree, 1= strongly agree). To score the BRS, the scores from the six questions were averaged. Individual’s scoring 1.00 to 2.99 were determined to have low resilience, scoring from 3.00 to 4.30 was considered normal resilience, and scoring 4.31 to 5.00 meant the individual had high resilience based on the design of this scale [190].
The Perceived Stress Scale consists of 10 questions rated on a five-point Likert scale (0= never, 1= almost never, 2= sometimes, 3= fairly often, 4= very often). Four questions of the 10 total questions (four, five, seven, and eight) were scored in reverse. The scores of the 10 questions are added, scores ranged from 0 to 40. The range which the sum of the individual’s score fell within represented the stress perception of individual for the 30 days prior to the assessment time. Score sums ranging from 0-13 meant the individual had low perceived stress, scores from 14-26 represented moderate perceived stress, and scores of 27-40 were considered high stress perception. 
	Each subscale of the ARMS, physical readiness, physical fatigue, cognitive readiness, cognitive fatigue, and threat-challenge readiness has three to four associated questions; each question was scored on a seven-point Likert scale (0= does not apply at all, 6= fully applies). To score the ARMS, the participant ratings from questions within each subscale were averaged, no overall score was calculated. Higher scores in the categories of physical readiness, cognitive readiness, threat-challenge readiness indicated increased readiness. Higher scores in the categories of physical fatigue and cognitive fatigue indicated decreased readiness or increased fatigue. Analysis of the ARMS scores were conducted within each subscale [69].
Both the CR-10 and the FS are single question Likert style surveys. The CR-10 scale utilizes an 11-point Likert scale (0=rest; 1=very, very easy; 2=easy; 3=moderate; 4=somewhat hard; 5=hard; 7=very hard; 10=maximal). The FS is an 11-point Likert scale (-5= very bad, 0= neutral, 5= very good). The single score from each of these surveys were used for data analysis.
The ASPS is a six-question scale scored on a ten-point Likert scale (1= not satisfied at all, 10= fully satisfied). To score the scale, the participant ratings for each of the six questions were averaged. The average score was used for data analysis.
[bookmark: _Toc141181443][bookmark: _Toc141181876][bookmark: _Toc141182180][bookmark: _Toc141184860][bookmark: _Toc141688565]Statistical Analysis
IBM SPSS Version 29 was used for all descriptive statistics, normality tests, intraclass correlations, and repeated measures mixed model ANOVA. All repeated measures correlations were conducted using the rmcorr package in R [192].
Shapiro-Wilk Normality Tests were used to assess the data distribution. Intraclass correlations were conducted to evaluate variation within the data set.	
[bookmark: _Toc141181877][bookmark: _Toc141182181][bookmark: _Toc141184861]Aim 1
 	Repeated-measures correlations were conducted to evaluate and explore the relationships between the physiological and psychological readiness measures of walking salivary cortisol, HRV, and the ARMS subscales (physical readiness, cognitive readiness, physical fatigue, cognitive fatigue, and treat-challenge readiness).
[bookmark: _Toc141181878][bookmark: _Toc141182182][bookmark: _Toc141184862]Aim 2
Repeated-measures correlations were used to explore potential relationships between each readiness measurement—waking salivary cortisol, HRV, and the ARMS subscales—and training wellbeing measurements, ASPS, CR-10, and FS.
[bookmark: _Toc141181879][bookmark: _Toc141182183][bookmark: _Toc141184863]Group-Level Readiness Analysis
Repeated measures mixed model ANOVA with an AR (1) covariance structure was used to test for potential differences between the weeks and time within week. This test was used for measurements only taken in the morning (HRV and cortisol) and after practice (performance satisfaction, perceived exertion, and training session feelings). The analysis included the six time points per participant, one from each day of data collection. All main effects and two-way interactions were tested.
Repeated measures mixed model ANOVA with an AR (1) covariance structure was used to test for potential differences between the weeks, time within week, and time within day allowing for exploration of contextual relevance of each ARMS timepoint measurement. The analysis explored changes in ARMS subscale measurements between upon waking, pre-warm-up, and post warm-up. The ARMS data had 18 time points for each participant, three per day of data collection. All main effects and two-way interactions were tested. The three-way interaction was dropped due to the sample size.
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[bookmark: _Toc141688567]Missing Data
	Active National Collegiate Athletic Association (NCAA) Division I swimmers (n=9) from a university located in the Southeast participated in the present study between April and May of 2023 to explore the relationship between various psychological and physiological measures of training readiness (Aim 1) and their relationship to athlete training wellbeing (Aim 2). The study spanned three weeks with data collection occurring two days per week. The methodology aimed for participants to complete 24 survey (four per day of data collection) over the three weeks. Only one of the nine participants completed all 24 surveys; the group average number of completed surveys was 20.11 +/- 2.98. 
Inclusion in analysis required participants to complete four days of data collection minimum. One participant dropped out of the study after day four. This participant fully completed four days of data collection and were included in the analysis. All nine participants met the minimum data collection requirements and were included in the statistical analysis. Missing data was primarily due to missed surveys; however, the salivary cortisol analysis failed to detect the concentration of three participant samples. Table 2 shows the data for each variable and the reason for missing data.
[bookmark: _Toc141688568]Participants
	Table 3 shoes the participant characteristics and baseline assessment score interpretations. Participants within this study ranged in age from 18 to 21 years and consisted of both males (n=3) and females (n=6). Based on height and weight measurements, no participant was classified as overweight or obese. All participants identified as White/ Caucasian and as heterosexual. No participants scored within the high perceived stress classification or the low resilience classification on either the Perceived Stress Scale or the Brief Resilience Scale baseline questionnaires. 
[bookmark: _Toc141353505][bookmark: _Toc141354184][bookmark: _Toc141446012][bookmark: _Toc141446048][bookmark: _Toc141688597]Table 2: Missing Participant Data.
	Measure
	Expected
	Actual
	Reason for missing data

	HRV
	54
	49
	Missing waking survey responses (5)

	Waking Salivary Cortisol
	54
	49
	Missing saliva samples (2)
Failed laboratory analysis (3)

	ARMS Waking
	54
	49
	Missing waking survey responses (5)

	ARMS Pre-Warm-Up
	54
	47
	Missing pre-warm-up survey responses (7)

	ARMS Post-Warm-Up
	54
	42
	Missing post warm-up survey responses (12)

	Feeling Scale
	54
	45
	Missing post practice survey response (9)

	Category Ratio -10
	54
	45
	Missing post practice survey response (9)

	Athlete Subjective Performance Satisfaction
	54
	45
	Missing post practice survey response (9)
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[bookmark: _Toc141688598]Table 3: Participant Demographics and Baseline Assessments.
	Characteristic
	

	Age (years; mean (SD))
	19.5 (1.13)

	Height (cm; mean (SD))
	178.3 (5.0)

	Weight (kg; mean (SD))
	70.4 (7.7)

	Academic Year (n)
	

	     Freshman 
     Sophomore
     Junior
     Senior
	2
3
3
1

	Sex (n)
	

	     Female
     Male
	6
3

	Event Training Group (n)
	

	     Sprint
     Middle Distance
     Upper Distance
	3
4
2

	Perceived Stress Scale Score (n)
	

	     Low
     Moderate
     High
	4
5
0

	Brief Resilience Scale Score (n)
	

	     Low
     Normal
     High
	0
6
3
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[bookmark: _Toc141688569]Descriptive Statistics
The Shapiro-Wilk normality test showed physical readiness, physical fatigue, cognitive readiness, cognitive fatigue, threat-challenge readiness, ASPS, and cortisol had normal distributions p<0.05. CR-10, FS, and heart rate variability (HRV) were not normally distributed based on the Shapiro-Wilk normality test (p ≤ 0.05) [193]. (Table 4).
Intraclass Correlation Coefficients (ICCs) statistics ranged from 0.26 to 0.99. Cognitive fatigue, Athlete’s Subjective Performance Satisfaction (ASPS), Category Ratio – 10 (CR-10), Feeling Scale (FS), cortisol all had ICCs less than 0.5 showing poor consistency; physical readiness, physical fatigue, cognitive readiness, threat-challenge readiness all had ICCs between 0.5 and 0.75 exhibiting moderate consistency; and HRV had an ICC above 0.9 exhibiting excellent consistency [194] (Table 5).
[bookmark: _Toc141688570]Aim 1
Repeated-measures correlations for aim 1 assessed correlation between measures of readiness (Cortisol, HRV, Physical Readiness, Physical Fatigue, Cognitive Fatigue, and Threat-Challenge Readiness) (Table 6). HRV and walking cortisol showed a significant negative correlation (r= -0.32, p=0.05) (Figure 2A). The ARMS subscale, threat-challenge readiness, and HRV also showed a significant positive correlation (r=0.31, p=0.05) (Figure 2B). No other correlations between the seven measures of readiness were statistically significant nor moderately correlated.
[bookmark: _Toc141688571]Aim 2
Analysis of aim 2 involved repeated measures correlations to assess the correlation between each measure of readiness (Cortisol, HRV, Physical Readiness, Physical Fatigue, Cognitive 
[bookmark: _Toc141353507][bookmark: _Toc141354186][bookmark: _Toc141446014][bookmark: _Toc141446050][bookmark: _Toc141688599]
Table 4: Shapiro-Wilk Normality Statistics.
	 
	Shapiro-Wilk Normality Statistic
	Shapiro-Wilk Normality Significance

	HRV
	0.808
	<0.001

	Cortisol
	0.957
	0.120

	Physical Readiness
	0.969
	0.317

	Physical Fatigue
	0.972
	0.408

	Cognitive Readiness
	0.963
	0.194

	Cognitive Fatigue
	0.952
	0.079

	Threat-Challenge Readiness
	0.965
	0.231

	Feeling Scale
	0.900
	0.002

	Category Ratio- 10
	0.906
	0.003

	Athlete's Subjective Performance Satisfaction
	0.953
	0.09
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[bookmark: _Toc141688600]Table 5: Intraclass Correlation Statistics.
	
	Single Measures Intraclass Correlation

	HRV
	0.938

	Cortisol
	0.441

	Physical Readiness
	0.670

	Physical Fatigue
	0.688

	Cognitive Readiness
	0.682

	Cognitive Fatigue
	0.333

	Threat-Challenge Readiness
	0.562

	Feeling Scale
	0.359

	Category Ratio- 10
	0.255

	Athlete's Subjective Performance Satisfaction
	0.328


[bookmark: _Toc141353509][bookmark: _Toc141354188][bookmark: _Toc141446016][bookmark: _Toc141446052][bookmark: _Toc141688601]Table 6: Aim 1 Repeated Measures Correlations Pearson R Correlation Coefficient (p value). Bolded values are statistically significant p ≤ 0.05.
	
	Cortisol
	HRV
	Physical Readiness
	Physical Fatigue
	Cognitive Readiness
	Cognitive Fatigue
	Threat-Challenge Readiness

	Cortisol
	
	-0.32 (0.05)
	-0.23 (0.16)
	0.08 (0.63)
	0.03 (0.87)
	0.12 (0.47)
	-0.05 (0.74)

	HRV
	
	
	0.24 (0.14)
	0.06 (0.7)
	0.13 
(0.4)
	-0.11 (0.49)
	0.31 (0.05)









[image: A diagram of a graph

Description automatically generated][image: A graph of different colored lines and dots

Description automatically generated]B)
A)

[bookmark: _Toc141354235][bookmark: _Toc141446088][bookmark: _Toc141688638][bookmark: _Toc141866848]Figure 2: Individual relationships between heart rate variability (HRV) and A) waking cortisol, and B) threat-challenge readiness.









Readiness, Cognitive Fatigue, and Threat-Challenge Readiness) and each measure of training-related well-being (Category Ratio 10 (CR-10), Feeling Scale (FS), and Athlete’s Subjective Performance Satisfaction (ASPS)) (Table 7). HRV showed a significant positive moderate correlation with FS (r=0.45, p=0.01) (Figure 3A). HRV, while not statistically insignificant, was moderately correlated with ASPS (r=0.32, p=0.06) (Figure 3B). Physical readiness had a statistically significant and moderate positive correlation with both FS (r=0.36, p<0.001) (Figure 3C) and ASPS (r=0.43, p<0.001) (Figure 3D). Physical fatigue showed a statistically significant and moderate negative correlation with FS (r=-0.18, p=0.05) (Figure 3E). Cognitive readiness had a statistically significant and moderate positive correlation with both FS (r=0.34, p<0.001) (Figure 3F) and ASPS (r=0.36, p>0.001) (Figure 3G). Threat-challenge readiness showed a statistically significant and moderate positive correlation with both FS (r=0.43, p<0.001) (Figure 3H) and ASPS (r=0.41, p<0.001) (Figure 3I). Cognitive fatigue had no significant correlations with any training-related well-being measure. CR-10 had no significant correlations with any readiness measure.
[bookmark: _Toc141688572]Group-Level Analysis of Readiness Over Time
To further explore the data, repeated measures mixed model ANOVAs were run to assess the data for differences between weeks, days within weeks, and time points for each measurement. 
Physical readiness showed a significant interaction between the first and second days of data collection by week (F= 5.23, p=0.023). Pairwise comparisons showed, week one day one was significantly higher than week three day one (p=0.01) 95% CI [0.243, 1.306] and week two was significantly higher than week three (p=0.007, 95% CI [0.211, 1.262] (Figure 4). Cognitive Readiness showed a significant main effect by week of measurement (F=6.18, p=0.014). 
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Table 7: Aim 2 Repeated Measures Correlations Pearson R Correlation Coefficient (p value).  Bolded values are statistically significant p ≤ 0.05.
	
	Cortisol
	HRV
	Physical Readiness
	Physical Fatigue
	Cognitive Readiness
	Cognitive Fatigue
	Threat-Challenge Readiness

	CR-10
	-0.2 (0.28)
	0.23 (0.18)
	0.05 (0.60)
	-0.03 (0.73)
	0.01 (0.88)
	-0.14 (0.13)
	-0.02 (0.82)

	FS
	-0.09 (0.60)
	0.45 (0.01)
	0.36 (<0.001)
	-0.18 (0.05)
	0.34 (<0.001)
	-0.06 (0.50)
	0.43 (<0.001)

	ASPS
	-0.17 (0.34)
	0.32 (0.06)
	0.43 (<0.001)
	-0.1 (0.29)
	0.36 (<0.001)
	-0.05 (0.59)
	0.41 (<0.001)
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[bookmark: _Toc141688639][bookmark: _Toc141866849]Figure 3: Individual relationships between Feeling scale and A) heart rate variability (HRV), C) physical readiness, E) cognitive readiness, G) threat-challenge readiness, and I) physical fatigue; Athlete’s Subjective Performance Satisfaction and B) HRV, D) physical readiness, F) cognitive readiness, and H) threat-challenge readiness.
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[bookmark: _Toc141446089][bookmark: _Toc141688640]Figure 3 continued: Individual relationships between Feeling scale and A) heart rate variability (HRV), C) physical readiness, E) cognitive readiness, G) threat-challenge readiness, and I) physical fatigue; Athlete’s Subjective Performance Satisfaction and B) HRV, D) physical readiness, F) cognitive readiness, and H) threat-challenge readiness.
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[bookmark: _Toc141354236][bookmark: _Toc141446090][bookmark: _Toc141688641]Figure 3 continued: Individual relationships between Feeling scale and A) heart rate variability (HRV), C) physical readiness, E) cognitive readiness, G) threat-challenge readiness, and I) physical fatigue; Athlete’s Subjective Performance Satisfaction and B) HRV, D) physical readiness, F) cognitive readiness, and H) threat-challenge readiness.











Pairwise comparisons revealed that week one was significantly higher than week three (p=0.005) 95% CI [0.235, 1.050] and week two was significantly higher than week three (p=0.024) 95% CI [0.075, 0.898] (Figure 5). Cognitive fatigue showed a significant main effect for time point within each day of data collection (F=4.39, p=0.031). Pairwise comparisons were used to determine that waking cognitive fatigue was significantly higher than cognitive fatigue post warm-up (p=0.009) 95% CI [0.190, 1.155] (Figure 6). A univariate test showed HRV had a significant main effect difference within each week of data collection (F=4.96, p=0.033) (Figure 7). No significant changes in measures were seen for cortisol, physical fatigue, threat-challenge readiness, ASPS, FS, or CR-10. 
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[bookmark: _Toc141354237][bookmark: _Toc141446091][bookmark: _Toc141688642][bookmark: _Toc141866850]Figure 4: Average Physical Readiness Acute Readiness Monitoring Scale Scores for Each Day of Measurement for Three Weeks. *Statistical significance p ≤ 0.05. 
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[bookmark: _Toc141354238][bookmark: _Toc141446092][bookmark: _Toc141688643][bookmark: _Toc141866851]Figure 5: Average Cognitive Readiness Acute Readiness Monitoring Scale Scores for Each Week of Measurement for Three Weeks. *Statistical significance p ≤ 0.05.
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[bookmark: _Toc141354239][bookmark: _Toc141446093][bookmark: _Toc141688644][bookmark: _Toc141866852]Figure 6: Average Cognitive Fatigue Acute Readiness Monitoring Scale Scores for Each Measurement Time Point Within a Day Across Three Weeks (Six Total Days). *Statistical significance p ≤ 0.05.
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[bookmark: _Toc141354240][bookmark: _Toc141446094][bookmark: _Toc141688645][bookmark: _Toc141866853]Figure 7: Average Heart Rate Variability (HRV) for Each Day of Measurement for Three Weeks. *Statistical significance p ≤ 0.05.
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The primary purpose of this study was to explore the relationship between purported physiological and psychological indices of readiness within elite National Collegiate Athletic Association (NCAA) Division I swimmers. The secondary purpose of this study was to explore preliminary correlations between readiness scores in relation to recalled training-related well-being. While the concept of athlete monitoring has grown in popularity with advancing autoregulatory research, few studies have integrated both physiological and psychological evaluations of readiness into design methodology to evaluate measurement correlations [147, 188, 189]. Overall, the exploratory findings of this study were consistent with prior literature, showing limited correlations between physiological and psychological measures of readiness. Additionally, measures of training well-being showed multiple correlations with both psychological and physiological readiness measurements, warranting further exploratory and confirmatory research in this area.
	Assessing aim 1, the relationship between the two physiological measures was analyzed. The results aligned with our hypothesis; increased heart rate variability (HRV) was correlated with decreased waking cortisol concentrations. It is well supported that both HRV and waking cortisol are altered by the presence of stress [195, 196]. HRV is altered by the detection of stress due to an increase in sympathetic nervous system activation, leading to parasympathetic nervous system deactivation and decreased HRV [30, 31, 119, 120]. Further, cortisol is a common method of assessing stress levels due to its secretion in response to both internal and external stressors [131].While the relationship between stress is commonly accepted for both HRV and cortisol, prior studies have found mixed results when analyzing the relationship between HRV and cortisol. Fields et al. (2020) found a negative relationship between HRV and cortisol within athletes, similar to that of the present study. Although, Fields et al. (2020) did not measure waking cortisol, but measured cortisol at a midmorning timepoint [188]. Alternatively, Summers et al. (2021) found a lack of significant correlation between HRV and waking cortisol within university students. The study conducted by Summers et al. (2021) measured waking cortisol and HRV prior to and post sleep deprivation within a laboratory setting [147]. The results of the Summers et al. (2021) study align with those of several other studies also finding a lack of significance between HRV and cortisol [139, 197-199]. Though commonly reported as lacking correlation within literature, the observed relationship between cortisol and HRV within athletic groups in both the current study and the Fields et al. (2020) study may suggest the relationship between cortisol and HRV differs between the general public and elite athletes. 
	Also addressing aim 1, minimal associations were observed between physiological and psychological indices of readiness. It was hypothesized that both waking cortisol and HRV would correlate with each of the five subscales of the Acute Readiness Monitoring Scale (ARMS), assessed. Only perceptions of threat-challenge readiness demonstrated moderate correlation with HRV. Several prior studies have examined the potential relationship between physiological and psychological assessments of readiness and have reported a lack of correlation between the separate disciplines [41, 42, 145]. Within their 2021 study, Summers et al. specifically sought to understand the relationship between HRV and subjective readiness but observed no moderate correlations between HRV and any subscale of the ARMS, differing from the findings of the present study. Though lacking correlation in previous literature, a theory derived from the biopsychosocial model of threat-challenge, the Theory of Challenge and Threat States for Athletes, may serve to explain the correlation seen the present study [200]. The research supporting this theory has found that an individual’s interpretation of a stressor as a threat or a challenge, changes the cardiovascular and physiological responses [201]. Due to literature understanding HRV as a measure of the physiological effects of stress [30, 31, 119, 120], it may be plausible for HRV and a measure of subjective readiness to take on a threating or challenging task to have positive correlations. The lack of relationship between cortisol and psychological readiness measures aligns with the mixed literature regarding the relationship between cortisol and subjective readiness. Summers et al. (2021) found a positive correlation between readiness measures by the ARMS and waking cortisol. Opposingly, studies conducted by Fries et al. (2009) and Anderson et al. (2018), found negative correlations between cortisol concentrations and perceived fatigue. The lack of consistency in past literature regarding the relationship between cortisol and subjective readiness cause speculation of the ability of either cortisol or subjective readiness to fully encapsulate individual readiness. 
One interpretation of our findings from aim 1 is the potential necessity to utilizing both physiological and psychological measures of readiness to best monitor athlete training. As previously discussed, correlations between physiological and psychological readiness metrics were limited; however, both physiological (HRV) and psychological (ARMS subscales) were correlated with components of training-related well-being. Due to the limited correlations between psychological and physiological readiness, our findings align with those of previous literature noting that each measure of readiness may be responsible for capturing different aspects of holistic readiness [41, 42, 145]. Ultimately, physiological and psychological readiness may not measure the same components of readiness and therefore may not be interchangeable measures; however, it is possible each measure could be predictive of different training related outcomes [18, 202].
Empirically demonstrating relationships between indices of readiness and subsequent experiential outcomes associated with training represents a critical endeavor explored within aim 2. Prior literature related to autoregulated training has focused on the objective performance outcomes as a method to determine the effectiveness of a training model [14, 203]. Often neglected in the study of training-related outcomes is the well-being of an athlete. To our knowledge, our study was the first to assess and find a relationship between measures of readiness and both facets of subjective well-being, cognitive-evaluative (Athlete’s Subjective Performance Satisfaction) and affective-responsive (Feeling Scale). Our findings aligned with our hypothesis identifying correlations between readiness measures and training-related well-being. Further, the findings from our study were also in line with emerging literature where readiness measures related to such outcomes [204-206]; managing experiences via Flexible non-linear periodization offers a pathway for adherence [207]. Contemporary research has led to theory supporting the idea that experiences, such as affective response while under exertion, impact future training related decisions [208]. The Affective-Reflective Theory of physical inactivity and exercise (ART of PIE) emphasizes the ability of exercise to elicit both subconscious (i.e. affect) and conscience responses that are predictive of future exercise behavior [209]. The Exercise-Affect-Adherence Pathway further recognizes the role affective response plays in predicting future exercise related behavior [210]. While this work has been conducted in generalized exercise populations, it is not unreasonable to speculate that experience also matters for athletes. Literature beginning to explore experience responses in athletic populations have found perceived well-being to be inversely related to both burnout and training volume potentially demonstrating an ability for indices of well-being to be predictive or early signs of overtraining [57].
Of the ARMS subscales, all ratings of readiness (i.e., physical readiness, cognitive readiness, and threat-challenge readiness), as opposed to measures of fatigue (i.e., physical fatigue and cognitive fatigue), were correlated with increased affective response and performance satisfaction of the training sessions. Prior literature suggests increased readiness is expected to be correlated to increased performance satisfaction [179]. All training-related well-being measures were subjective in nature, requiring athlete’s to retrospectively recall on their experiences and feelings. The subjective nature of the ARMS and the training-related well-being indices may provide context into the correlations observed between them. Further, HRV has been recognized for its purported ability to capture psychological stressors as well as physiological stressors [38]. It may be reasonable to say that a measurement of HRV during slow wave sleep the night prior to a given training session has an ability to detect the experienced psychological stress. The relationship between HRV and psychological stress may provide context to the observed relationship between HRV and the subjective well-being measures.
Perceived exertion showed no statistically significant correlations with any readiness measurement. Within the present study, the lack of correlation between perceived exertion and readiness measures is in line with studies involving elite athletic populations [202, 211, 212]. Research studying perceived exertion and subjective readiness have observed inverse moderate correlations within recreationally active, but non-athlete populations [213]. However, literature suggests that elite athletes may interpret strenuous exercise as less taxing then recreational athletes and untrained populations [62]. This noted difference could contribute to the lack of correlations observed between perceived exertion and readiness within elite athletic populations contrasting prior literature studying the general public. Potentially contributing to these results is the lack of true idiographic data analysis performed within the present study.
The current study utilized repeated measure correlations accounting for individual differences within analysis; however, group analysis has potential to underestimate sample variance and mask individual trends. To further explore the impact of grouped data analysis within this study, we ran Pearson R correlations within each individual to explore within person correlations without the impact of group data. These within individual correlations were run for both correlations of HRV and the ARMS subscale of physical readiness with post-practice Feeling Scale reports. Upon exploration of correlations within individuals, it became evident that group level correlations between the two readiness measures and affective well-being are not representative of the individuals. For example, the repeated measures correlation Pearson R for HRV and Feeling Scale was r=0.45; within person correlations ranged in Pearson R correlation coefficients from -0.99 to 0.12, demonstrating very different relationships between variables for each person. Table 8 shows the Pearson R acquired from the repeated measures correlation as well as the within-person Pearson R for both correlations of HRV and the ARMS subscale of physical readiness to post-practice Feeling Scale reports. Table 8 also lists the training group each individual belongs to additional context. Within both the correlation between HRV and Feeling Scale and the ARMS subscale of physical readiness and Feeling Scale, the correlation coefficients of the nine participants included both positive and negative correlations as well as weak, moderate, and strong correlations. The range of correlations serves as evidence to support future true idiographic research to better understand individuals. 
Literature in the field of psychology has called for a shift toward idiographic research due to the high interindividual variation and lack of generalizability in psychological metrics [214]. Further, such researchers have emphasized the integration of person-specific data analysis. Molenaar argues that the complex nature of humans negates the use of interindividual analysis as 
subjects should not be treated as replicates of one another [215]. Comparing studies employing repeated measure designs, Fisher et al. (2018) noted that intraindividual analysis reported
[bookmark: _Toc141354190][bookmark: _Toc141446018][bookmark: _Toc141446054][bookmark: _Toc141688603]Table 8: Individual and Group Pearson R Correlation Coefficients for Readiness Measures (Heart Rate Variability (HRV) and Acute Readiness Monitoring Scale (ARMS) Physical Readiness Subscale) and Feeling Scale.
	
	
	HRV & Feeling Scale Pearson R
	ARMS Physical Readiness & Feeling Scale Pearson R

	Event Group
	Participant ID
	Individual
	Repeated Measure Correlation
	Individual
	Repeated Measure Correlation

	Sprint
	004
	0.21
	




0.45
	0.65
	




0.36

	Sprint
	008
	0.12
	
	-0.33
	

	Sprint
	009
	-0.47
	
	0.83
	

	Middle Distance
	001
	0.90
	
	0.12
	

	Middle Distance
	002
	0.64
	
	0.00
	

	Middle Distance
	003
	0.70
	
	-0.14
	

	Middle Distance
	005
	0.87
	
	0.74
	

	Distance
	006
	0.81
	
	0.84
	

	Distance
	007
	-0.99
	
	0.43
	














variation two to four times larger than variation reported in interindividual, group, analysis [216]. To avoid underreporting variance within a population, there is a call for analysis that account for the individual. Contemporary literature has begun to address the need for individual analysis through models such as the group iterative multiple model estimation (GIMME), a network analysis generating individual profiles based on commonalities between people [217]. Such models have the potential to direct training programs within athletics to meet individual athlete needs.
[bookmark: _Toc141688574]	Strengths and Limitations
This exploratory study was not without limitations. First, due to the elite profile of the athletes participating in the study, the results are not generalizable to populations differing from the population evaluated. Although, the small sample size and selective inclusion criteria allowed for the participants within this study to have high homogeneity, potentially strengthening the conclusions of the study for the given population of elite collegiate swimmers. It is often thought that studies conducted within the general public lack application to populations of elite athletes [189]; such suspicions raise the question of whether idiographic data should be generalizable. To better understand individuals, analysis models such as GIMME may be best suited.  
The study design assessed the student-athlete in a free-living context. Due to the domestic nature of the salivary collection, the source used for cortisol detection, the study results relied greatly on the adherence of the participants to the salivary collection protocol. While participants were all given both verbal and written instructions for proper salivary collection, potential errors in data collection may have occurred and gone unreported due to the uncontrolled environment of data collection. Studies indicate cortisol concentration changes significantly after just 30 minutes of wakefulness, delayed saliva collection resulting from forgetfulness or other reasons have potential to dramatically affect the results of this study [24]. The free-living nature of this study decreased the ability to implement control of the study design; therefore, reducing replicability. While a potential limitation, data collection within free-living settings are limited within athletic populations. Prior studies have collected all data during training sessions or within laboratory settings, improving control, but reducing real world simulation [147, 188]. Collecting data within a domestic and free-living environment enhances transferability of data to real world scenarios. 
Several additional limitations exist within this study. The participants within this study were members of a collegiate athlete team which provided each athlete with WHOOP activity monitors. As a central tool within this study, the WHOOP band was used to measure and obtain HRV data. We recognize that access to activity monitoring devices reduces the practicality for most collegiate athletic programs to implement the design of this study. Another limitation of the study involved the reliance on participants to respond to the Qualtrics surveys texted to them in a timely manner, accurately participating in the event-contingent ecological momentary analysis. If surveys were not completed within the requested time frame, reports of subjective readiness may have been distorted. Additionally, humans are subject to error. Such knowledge requires a limitation of human reporting error to be considered when interpreting results. When completing surveys, misreading instructions or questions could have caused participants to unknowingly falsely report their subjective experience, altering results. 
[bookmark: _Toc141688575]Future Directions
	While this study explored readiness measures in relation to training outcomes, further exploration is needed to provide direction to coaches regarding strategies to best monitor athlete training. Within the present study, cortisol was not seen to correlate with either psychological readiness or training-related outcome measures. To better understand the potential relevance of waking cortisol measures in relation to athlete monitoring, it may be beneficial to analyze the relationship between waking cortisol and objective training outcomes. Potential exploratory relationships could include waking cortisol with lactate, within training heart rate, oxygen consumption, and measured performances. Additionally, research is needed to specify necessary sample sizes for studies involving training readiness. As there is limited access to recruiting elite athletes to participant in research studies [187], specification of necessary sample sizes would be useful in directing participant requirement for future studies. Due to the homogeneous population in the present study, future research involving various sports, and general public would be necessary to explore population difference relationships between measures of readiness. 
To continue to explore athletes as a distinct and unique population, future studies aiming to provide practical applications for athletes should be composed of elite athlete populations. Athletes are regularly subject to intense training and may perceive pleasure and displeasure related to exercise differently than untrained individuals [62]. Furthermore, physiological adaptations of elite athletes may affect perceptions of exercise strain differently than untrained populations [218]. Studies specifically assessing elite athletes may be best to provide recommendations for monitoring the training of elite athletes.
Analyzing cortisol has many barriers that greatly decrease the practicality of regular analysis. The mixed findings previously reported provide reason for future studies to explore whether measures of cortisol should continue to be pursued as a method of monitor athlete training. While waking cortisol has long been considered a valid and non-invasive tool to analysis training adaptation and assist in the modification of training loads, collecting cortisol samples daily is costly, requires trained laboratory personnel and equipment, and requires significant spans of dedicated time to analyze [219]. Without evidence supporting the use, future studies should aim to determine if the burden of collection and analysis is worth the practical application. 
Future studies should continue to explore the relationship between HRV measured by wearable devices and psychological measures of readiness to investigate the potential use of HRV as single measure of holistic readiness. As consumer grade devices continue to increase in popularity, future research should continue to assess HRV as a measure of readiness in relation to other acute training-related measures [220]. Many consumer grade activity monitors including the WHOOP Band, Oura Ring, Apple Watch, Fitbit, and Garmin, now have the ability to measure heart rate variability through photoplethysmography increasing accessibility and ease of measure for the general public. While the WHOOP has been validated, in comparison to polysomnography and electrocardiography, other wearable devices still require validation [125, 221]. 
While not assessed in the present study, future studies may be interested in validating recovery/readiness scores provided by wearable devices. With advancement in wearable technology, mathematical algorithms have been designed to compile measurements taken by wearable devices providing users with daily recovery/ readiness scores [35]. Readiness is defined as a holistic depiction of how prepared an individual is to take on a specific task [16, 18, 69]; wearable devices generate recover/ readiness scores with only the contribution of physiological measures. While HRV is noted to account for psychological as well as physiological factors [38], future studies should analyze the relationship between recovery/readiness scores of wearable devices and perceptions of readiness with performance outcomes. Such research could provide users with empirical evidence supporting or negating the use of such scores in managing training programs.
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The present study explored the correlations of physiological and psychological readiness in relation to training-related measures of well-being within National Collegiate Athletic Association (NCAA) Division I swimmers. Overall, this study found results similar to those of previous literature, noting a lack of strong correlations between psychological and physiological measures of training-related readiness. Further, we found that within this exploratory study, both heart rate variability measured by the WHOOP 4.0 and subjective readiness evaluated by the Acute Readiness Monitoring Scale (ARMS), had moderate correlations to training-related well-being measures of affect and performance satisfaction. These finding may serve to guide future research in defining parameters to best monitor athlete training progressions. Ultimately, future research within the field of athlete monitoring should aim to reduce the occurrence of overtraining related consequences and strive to enhance positive training adaptations.
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Consent for Research Participation
Research Study Title: Relationship Between Heart Rate Variability, Perceived Exercise Readiness, and Waking Salivary Cortisol in NCAA Division I Swimmers 
Researcher(s): 	Bayley Stewart, University of Tennessee, Knoxville
	Dr. Scott Crouter, University of Tennessee, Knoxville  


Why am I being asked to be in this research study?
We are asking you to be in this research study because you are a swimmer on the University of Tennessee varsity swim team and you regularly wear a WHOOP 4.0 activity monitor. 
What is this research study about?
The purpose of the research study is to understand the relationship between your individual perception of how ready you feel for practice and biological measurements of your daily readiness including heart rate variability and salivary cortisol. This research could help coaches and athletes monitor training programs, prevent overtraining, and potentially improve future athlete performance. 
How long will I be in the research study?
If you agree to be in the study, your participation will last for 3 weeks. Your participation will involve a 45-minute orientation session and completion of 24 total survey links over the course of 3 weeks (4 links per day, 2 days per week). Your total participation time for this study, including the time you already spent in the recruitment session and the time you spent filling out the eligibility screening, is approximately 165 minutes. 
What will happen if I say “Yes, I want to be in this research study”? 
If you agree to be in this study, you will be required to attend an orientation session, complete surveys, obtain morning samples of your saliva, and report your heart rate variability from your WHOOP app upon waking during the six days of data collection. 
The following includes more detail regarding your participation:
1. You will attend the orientation session for the study in the team room at Allan Jones Intercollegiate Aquatic Center. Coaches will not be present. During the orientation session you will provide your demographics, complete two surveys, and be given the necessary information and materials to participate in the study. 
2. Each day of data collection, you will receive four links that will be texted to you. Each link will include at least one scale or questionnaire that you will complete at assigned times. The table below explains the contents of each link
	Link #
	Time link will be sent
	When to complete link
	What you will complete
	Approximate time to complete

	1
	4 am EST
	Immediately upon normal wake time
	Practice readiness scale
Upload HRV screenshot from WHOOP app
Collect morning salivary sample
	10 minutes

	2
	1 hour before scheduled practice 
	Before starting warm-up exercises
	Practice readiness scale
	2 minutes

	3
	At the start of scheduled practice
	Between dryland warm-up and water warm-up
	Practice readiness scale
	2 minutes

	4
	At the scheduled end of practice
	Within 1 hour of finishing practice
	Perceived practice exertion
Practice performance
Overall practice feelings
	2 minutes



What happens if I say “No, I do not want to be in this research study”?
Being in this study is up to you. You can say no now or leave the study later. Either way, your decision won’t affect your relationship with the researchers, the athletic department, or the University of Tennessee in any way.
What happens if I say “Yes” but change my mind later?
Even if you decide to be in the study now, you can change your mind and stop at any time before your completion of the final survey link. If you decide to stop before the study is completed, contact co-PI, Bayley Stewart, to end your participation. Ending participation will include no longer receiving the texted survey links, returning all unused saliva collection tubes, and returning any used saliva collection tubes for proper disposal. Any data collected prior to stopping participation will be kept with other study data.

Are there any possible risks to me?
It is possible that someone could find out you were in this study or see your study information. We believe this risk is small because of the procedures we use to protect your information. These procedures are described later in this form.
Another possible risk is that this study could inconvenience you when you are asked to complete a brief survey at a time you may be busy. To minimize this risk, all surveys, scales, and questionnaires have been tested to ensure they do not require excessive amounts of time. 

Are there any benefits to being in this research study?
We do not expect you to benefit from being in this study. Your participation may help us to learn more about how we can use athlete readiness monitoring to improve athlete performance satisfaction and energy management. We hope the knowledge gained from this study will benefit others in the future.
Who can see or use the information collected for this research study?
We will protect your confidentiality by removing your identification from all data collected including demographics, questionnaires, scales, heart rate variability, and saliva samples. Consent forms will be the only written information with your name, this form will be stored in a locked filing cabinet within a locked office only accessible to the research study members. 
Your name and study identification number will be stored on one file that will be password protected, on a password protected computer, within a locked office that is only accessible to the research study members. 
Upon collecting your saliva samples at the end of the study, saliva samples will be transported to the lab at the University of Tennessee to analyze the samples. After the samples have been analyzed, they will be properly discarded to ensure they are not used for any testing other than cortisol level measurement. 
If information from this study is published or presented at scientific meetings, your name and other personal information will not be used to prevent identification.
Neither the coaching staff nor any member of the University of Tennessee athletic department will have access to your data collected during this study.
We will make every effort to prevent anyone who is not on the research team from knowing that you gave us information or what information came from you.  Although it is unlikely, there are times when others may need to see the information we collect about you.  These include:
· People at the University of Tennessee, Knoxville who oversee research to make sure it is conducted properly.
· Government agencies (such as the Office for Human Research Protections in the U.S. Department of Health and Human Services), and others responsible for watching over the safety, effectiveness, and conduct of the research. 
· If a law or court requires us to share the information, we would have to follow that law or final court ruling.



What will happen to my information after this study is over?
We will keep your information collected as part of this study for future research ideas. Your name and other information that can directly identify you will be kept secure and stored separately from your research data collected as part of the study. 
We may share your research data with other researchers without asking for your consent again, but it will not contain information that could directly identify you. This sharing of data may include being deposited into a data repository as required by publishers for publication or public repository.
Will I be paid for being in this research study?
You will not be paid for being in this study
What else do I need to know?
We may need to stop your participation in the study without your consent if you do not follow study instructions or you no longer meet the study’s eligibility requirements.
Study Eligibility Requirements:
· 18- 25 years old
· Member of the University of Tennessee Varsity Swim Team
· Own a smartphone with internet access
· Have a working freezer in home
· Must wear your WHOOP 4.0 band for a minimum of 20 hours per day, 6 days per week 
· No injury or illness preventing regular practice attendance
· Not currently taking Selective Serotonin Reuptake Inhibitors (SSRI) 
Who can answer my questions about this research study?
If you have questions or concerns about this study, or have experienced a research related problem or injury, contact the researchers:
Bayley Stewart, bstewa40@vols.utk.edu, (970) 449-3723
Dr. Scott Crouter, scrouter@utk.edu, (865) 974-1272
For questions or concerns about your rights or to speak with someone other than the research team about the study, please contact: 
Institutional Review Board
The University of Tennessee, Knoxville
1534 White Avenue
Blount Hall, Room 408
Knoxville, TN 37996-1529
Phone: 865-974-7697
Email: utkirb@utk.edu
STATEMENT OF CONSENT
I have read this form and the research study has been explained to me.  I have been given the chance to ask questions and my questions have been answered.  If I have more questions, I have been told who to contact.  By signing this document, I am agreeing to be in this study.  I will receive a copy of this document after I sign it.

					
Name of Adult Participant		Signature of Adult Participant	     Date

Researcher Signature (to be completed at time of informed consent)
I have explained the study to the participant and answered all of his/her questions. I believe that he/she understands the information described in this consent form and freely consents to be in the study.

					
Name of Research Team Member		Signature of Research Team Member	     Date
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ABOUT THE PARTICIPANT
Please answer the following questions.

Name:

Age: 					  

Have you had an injury or illness within the past 30 days? Y/N

How many training sessions were missed as a result of the injury/illness? ________

Are you currently taking any medication including prescription and non-prescription? 
Y/N
Name of Medication(s)

Do you currently wear a WHOOP 4.0 device? Y/N

How long have you been wearing your WHOOP 4.0 device?

Where do you wear your WHOOP 4.0 device? 
Wrist
Upper arm
Ankle

How many days per week do you wear your WHOOP 4.0 device?
0-7

On average, how many hours per day do you wear your WHOOP 4.0 device?
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Demographics Questionnaire
Please answer the following questions about yourself to the best of your ability
1. Biological Sex (circle one): Male / Female
2. Height _________
3. Weight _________
4. Sexual Orientation 
· Heterosexual
· Homosexual
· Bisexual
· Asexual
· Other ____________________
· Prefer not to respond
5. Race/Ethnicity
· Native Hawaiian or Other Pacific Islander
· Asian
· Hispanic/ Latino
· White/ Caucasian
· Black/ African American
· American Indian/ Native American
· Other_______________________
6. Academic Major at the University of Tennessee ____________________
7. Primary Practice Training Group
· Sprint
· Middle Distance
· Long Distance

Please indicate the extent to which you agree with each of the following statements, using the 1-5 scale given below. 
5= Strongly Agree
4= Agree
3= Neutral
2= Disagree
1= Strongly Disagree

________ I tend to bounce back quickly after hard times 
________ I have a hard time making it through stressful events.
________ It does not take me long to recover from a stressful event. 
________ It is hard for me to snap back when something bad happens. 
________ I usually come through difficult times with little trouble. 
________ I tend to take a long time to get over setbacks in my life. 



















Please indicate the extent to which you agree with each of the following statements, using the 0-4 scale given below. 
0= never
1= almost never
2= sometimes
3= fairly often
4= very often

_______In the last month, how often have you been upset because of something that happened unexpectedly? 
_______In the last month, how often have you felt that you were unable to control the important things in your life? 
_______In the last month, how often have you felt nervous and stressed? 
_______In the last month, how often have you felt confident about your ability to handle your personal problems?
_______In the last month, how often have you felt that things were going your way? 
_______In the last month, how often have you found that you could not cope with all the things that you had to do? 
_______In the last month, how often have you been able to control irritations in your life? 
_______In the last month, how often have you felt that you were on top of things? 
_______In the last month, how often have you been angered because of things that happened that were outside of your control? 
_______In the last month, how often have you felt difficulties were piling up so high that you could not overcome them? 
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Start of Block: Default Question Block

Waking I physically woke up...

Less than 10 minutes ago (1) 
10 to 30 minutes ago (2) 
30-60 minutes ago (3) 
More than 60 minutes ago (4) 


	Page Break
	




ARMS_intro 
For the next series of questions, think about your upcoming swim practice session today as you read each statement.  
   
Rate each statement based on how well it represents you right now, in this very moment.  
   
There are no right or wrong answers, please respond as honestly as possible.
I understand (1) 


	Page Break
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ARMS_1 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (7)

	I am physically fresh (1) 
	
	
	
	
	
	
	

	I am fatigued (2) 
	
	
	
	
	
	
	

	I am thinking clearly (3) 
	
	
	
	
	
	
	

	I have things under control today (4) 
	
	
	
	
	
	
	

	I cannot focus today (9) 
	
	
	
	
	
	
	

	I feel ready to deal with uncertainty (5) 
	
	
	
	
	
	
	

	I can handle unpleasant feelings (6) 
	
	
	
	
	
	
	





	Page Break
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ARMS_2 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	My skills and experience make me capable of meeting any challenge (1) 
	
	
	
	
	
	
	

	I am mentally prepared (2) 
	
	
	
	
	
	
	

	I feel confident in taking control of situations (3) 
	
	
	
	
	
	
	

	No matter the challenge, I am ready for it (4) 
	
	
	
	
	
	
	

	My mind is fuzzy today (10) 
	
	
	
	
	
	
	

	My muscles are sore (5) 
	
	
	
	
	
	
	

	I am physically prepared (6) 
	
	
	
	
	
	
	





	Page Break
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ARMS_3 Thinking ahead to practice, how much does each statement apply to you, right now? 

	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	I can focus well (1) 
	
	
	
	
	
	
	

	I feel ready to deal with serious threats (2) 
	
	
	
	
	
	
	

	I am physically fit (3) 
	
	
	
	
	
	
	

	I am physically tired (4) 
	
	
	
	
	
	
	

	I am ready to process significant problems (5) 
	
	
	
	
	
	
	

	I am physically spent (6) 
	
	
	
	
	
	
	

	I am mentally tired (7) 
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WHOOP_View: Have you viewed your WHOOP reported recovery score yet this morning?
Yes (1) 
No (2) 


	Page Break
	



HRV_Image: Upload a screenshot of your WHOOP app with your HRV and recovery score visible


	Page Break
	



Saliva_Protocol: 
Thank you for answering the previous questions!  
   
Now please collect your saliva sample, following all instructions below: 
 1. Get your saliva collection tube labeled with today's date
 2. Tilt your head forward with your mouth closed and allow saliva to collect under your tongue
 3. Drool the collected saliva from your mouth into the saliva collection tube
 4. Tightly seal the tube with the cap
 5. Find the sticker with today's date
 6. Place the sticker on the collection tube over the cap
 7. Immediately put the labeled collection tube in the tray in your freezer 


	Page Break
	


Saliva_Process: Describe your saliva collection process

I collected the sample with no problems (1) 
I collected the sample, but had issues (please describe in the space below) (2) __________________________________________________
I could not collect the sample (please describe why in the space below) (3) __________________________________________________

End of Block: Default Question Block
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Start of Block: Default Question Block

ARMS_intro 
For the following series of questions, think about your upcoming swim practice session today as you read each statement.  
   
Rate each statement based on how well it represents you right now, in this very moment.  
   
There are no right or wrong answers, please respond as honestly as possible.
I understand (1) 


	Page Break
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ARMS_1 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	My skills and experience make me capable of meeting any challenge (1) 
	
	
	
	
	
	
	

	I am mentally prepared (2) 
	
	
	
	
	
	
	

	I feel confident in taking control of situations (3) 
	
	
	
	
	
	
	

	No matter the challenge, I am ready for it (4) 
	
	
	
	
	
	
	

	My muscles are sore (5) 
	
	
	
	
	
	
	

	I am physically prepared (6) 
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ARMS_2 Thinking ahead to practice, how much does each statement apply to you, right now? 

	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	I can focus well (1) 
	
	
	
	
	
	
	

	I feel ready to deal with serious threats (2) 
	
	
	
	
	
	
	

	My mind is fuzzy today (3) 
	
	
	
	
	
	
	

	I am physically fit (4) 
	
	
	
	
	
	
	

	I am physically tired (5) 
	
	
	
	
	
	
	

	I am ready to process significant problems (6) 
	
	
	
	
	
	
	

	I am physically spent (7) 
	
	
	
	
	
	
	

	I am mentally tired (8) 
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ARMS_3 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (7)

	I am physically fresh (1) 
	
	
	
	
	
	
	

	I am fatigued (2) 
	
	
	
	
	
	
	

	I am thinking clearly (3) 
	
	
	
	
	
	
	

	I have things under control today (4) 
	
	
	
	
	
	
	

	I cannot focus today (5) 
	
	
	
	
	
	
	

	I feel ready to deal with uncertainty (6) 
	
	
	
	
	
	
	

	I can handle unpleasant feelings (7) 
	
	
	
	
	
	
	




End of Block: Default Question Block
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Start of Block: Default Question Block

ARMS_intro  
For the following series of questions, think about your upcoming swim practice session today as you read each statement.  
   
Rate each statement based on how well it represents you right now, in this very moment.  
   
There are no right or wrong answers, please respond as honestly as possible.
I understand (1) 
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ARMS_1 Thinking ahead to practice, how much does each statement apply to you, right now? 

	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	I can focus well (1) 
	
	
	
	
	
	
	

	I feel ready to deal with serious threats (2) 
	
	
	
	
	
	
	

	I am physically fit (3) 
	
	
	
	
	
	
	

	I am physically tired (4) 
	
	
	
	
	
	
	

	I am ready to process significant problems (5) 
	
	
	
	
	
	
	

	I am physically spent (6) 
	
	
	
	
	
	
	

	I am mentally tired (7) 
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ARMS_2 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	My skills and experience make me capable of meeting any challenge (1) 
	
	
	
	
	
	
	

	I am mentally prepared (2) 
	
	
	
	
	
	
	

	I feel confident in taking control of situations (3) 
	
	
	
	
	
	
	

	My mind is fuzzy today (4) 
	
	
	
	
	
	
	

	No matter the challenge, I am ready for it (5) 
	
	
	
	
	
	
	

	My muscles are sore (6) 
	
	
	
	
	
	
	

	I am physically prepared (7) 
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ARMS_3 Thinking ahead to practice, how much does each statement apply to you, right now?
	
	0 (Does not apply at all) (0)
	1 (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (Fully applies) (6)

	I am physically fresh (1) 
	
	
	
	
	
	
	

	I am fatigued (2) 
	
	
	
	
	
	
	

	I am thinking clearly (3) 
	
	
	
	
	
	
	

	I have things under control today (4) 
	
	
	
	
	
	
	

	I cannot focus today (5) 
	
	
	
	
	
	
	

	I feel ready to deal with uncertainty (6) 
	
	
	
	
	
	
	

	I can handle unpleasant feelings (7) 
	
	
	
	
	
	
	




End of Block: Default Question Block
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Start of Block: Default Question Block

RPE: How did your swim practice session feel to you in terms of heaviness or strain?
0 (rest) (1) 
1 (very, very easy) (2) 
2 (easy) (3) 
3 (moderate) (4) 
4 (somewhat hard) (5) 
5 (hard) (6) 
6 (7) 
7 (very hard) (8) 
8 (9) 
9 (10) 
10 (maximal) (11) 
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FS: Overall, how pleasant or unpleasant did you feel WHILE you were physically training at swim practice?
+5 (very good) (1) 
+4 (2) 
+3 (good) (3) 
+2 (4) 
+1 (fairly good) (5) 
0 (neutral) (6) 
-1 (fairly bad) (7) 
-2 (8) 
-3 (bad) (9) 
-4 (10) 
-5 (very bad) (11) 
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ASPSS_1 
Please provide a rating of satisfaction based on the following questions. 



Remember, there are no right or wrong answers, we are interested in your personal thoughts, right now, in this very moment. 
 
	
	1 (Not satisfied at all) (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (6)
	7 (7)
	8 (8)
	9 (9)
	10 (Fully satisfied) (10)

	To what extent are you satisfied with your sporting performance today? (1) 
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ASPSS_2 Click to write the question text
	
	1 (Not satisfied at all) (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (6)
	7 (7)
	8 (8)
	9 (9)
	10 (Fully satisfied) (10)

	To what extent did you contribute to the success of the team today? (1) 
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ASPSS_3 Click to write the question text
	
	1 (Not satisfied at all) (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (6)
	7 (7)
	8 (8)
	9 (9)
	10 (Fully satisfied) (10)

	To what extent are you satisfied with your functioning during the challenging moments today? (1) 
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ASPSS_4 Click to write the question text
	
	1 (Not satisfied at all) (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (6)
	7 (7)
	8 (8)
	9 (9)
	10 (Fully satisfied) (10)

	To what extent were your capabilities truly reflected today? (1) 
	
	
	
	
	
	
	
	
	
	





	Page Break
	




ASPSS_5 Click to write the question text
	
	1 (Not satisfied at all) (1)
	2 (2)
	3 (3)
	4 (4)
	5 (5)
	6 (6)
	7 (7)
	8 (8)
	9 (9)
	10 (Fully satisfied) (10)

	To what extent did you contribute to improving the performance of the players around you today? (1) 
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End of Block: Default Question Block
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