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Acute effect of benchmarck crosstrainig associated with physiological parameters and mental skills 

according to performance 

 
Abstract 

Present study aimed to evaluate the acute effect of cross training benchmarck on the physiological parameters associated with mental 

abilities according to performance. Thirty-two practitioners were divided according to their performance, Elite Group (n = 07) Advanced 

Group (n = 10) and Beginner group (n = 15). This research compares groups and pre-WOD and post-WOD. Result showed significance 

concerning the performance in WOD Fran (E: 177.1±29.8s <A: 314.3±46.8s and I: 538.2±102.1s), total robustness (A: 50.20±5.24 ˃ E: 

43.86±7.47 and I: 43.47±5.81) and control (A: 22.20±3.36 ˃ E: 20.14±3.93 and 19.07±3.65), lactate (E: 13.1±1.8mmol <A: 15.1±3.2mmol 

and I: 16.1±3.7mmol), heart rate (E : 188.0±6.6bpm ˃ A: 174.1±16.1bpm and I: 185.1±8.9bpm), systolic blood pressure (E: 

149.7±11.5mmHg <A: 151.0±9.2mmHg and I: 152.5±8.1mmHg), and diastolic blood pressure (E: 73.4±6.2mmHg ˃ A: 72.8±9.6mmHg and 

I: 69.3±7.1mmHg). Significant correlations in the Elite group in lactate and appearance and systolic blood pressure and choice. Advanced 

Group significant correlations in WOD time and extroversion, lactate and confidence and heart rate and reading. Beginner Group significant 

correlations in WOD time and Achievement, lactate and constancy and lactate and flexibility. Present study concluded that about mental 

abilities, Advanced level athletes showed greater total strength than athletes from Elite and Beginner groups.  
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Introduction 

Mental skills are one of the biggest reasons indicated by different sports agents to justify obtaining specific results (Souza & Decussatti, 

2017). Mental skills are defined as techniques and strategies designed to teach or improve the skills and abilities that facilitate performance 

and a positive approach to success in the competition (Ong & Griva, 2017). This study chose to analyze the Mental Toughness, Resilience, 

and Motivation of cross training practitioners. 

Mental toughness is an individuals' ability to handle or control pressure, stress, and adversity, overcome, and overcome failures, 

regardless of circumstances (Wall et al., 2019). Athletes with more robust mental capacities have the potential to remain calm, relaxed, and 

full of energy, as they have learned to improve two critical capacities: increased flow, which is a mental state of operation in which the 

person is immersed in what is doing and the ability to think and have the right attitudes towards deadlocks, pressure, mistakes, and 

competition (Fitzwater et al., 2018). Mental toughness today is more than a source of resistance that operates in adversity, making it possible 

to maintain an attentional and motivational focus when things are not going well (Liew et al., 2019). 

Resilience, on the other hand, is the individual's ability to adapt to changes and withstand the pressure of adverse situations, finding 

strategic solutions to face and overcome obstacles (Souza & Decussatti, 2017). It is decision-making when someone is faced with a context 

between the tension of the environment and the will to win (Souza & Decussatti, 2017). In competitions, athletes face constant pressure and 

stress; resilience acts as protection, preventing external factors from causing damage (Fitzwater et al., 2018). 



 

Finally, motivation is defined as energy, need, a desire that regulates the direction, intensity, and persistence of behavior, directed 

towards specific goals (Sibley & Bergman, 2018). Motivation has been one of the most cited concepts among the reasons that justify athletes' 

success (Sibley & Bergman, 2018). Besides, it is considered an essential element for the permanence and maintenance in a sports activity, 

being fundamental in the athlete's conduct, as it awakens and maintains adequate activation levels to regulate the performance-oriented 

behavior (Dominski et al., 2020). 

 Evidence (Beatty & Janelle, 2019) points out that mental responses affect cognitive functioning, physiological responses, and motor 

execution mechanisms implicit in performance in various sports fields. For our research, we chose to work with cross training, as it is a 

complex and varied activity, described as capable of improving aerobic and anaerobic performance (Glassman, 2007). Thus, it is believed 

that cross training, as it is variable, intense, and acts with functional movements, can bring benefits to mental abilities. 

 Given the fundamental and complex importance of mental skills in optimal performance (Beatty & Janelle, 2019) is important 

understand mental skills (toughness, resilience, and motivation) in cross training practice. We believe that inferences can It will be able to 

provide professionals with various strategies psychological preparation to obtain excellent performance and keeping participants motivated 

and focused on their training, which can impact their performance. The current literature has not yet found the acute effect of a cross training 

benchmark on the physiological parameters associated with mental skills according to performance. The present study aimed to evaluate the 

acute effect of WOD cross training Fran on physiological parameters associated with mental skills (i.e., mental toughness, resilience, and 

motivation) according to performance. 

 

Materials and methods 

Experimental Design 

This research is pre-experimental, interdisciplinary, and descriptive (Gil, 2002). We proceeded with an intervention in which the participants 

were submitted to anthropometric assessments, mental skills, and pre-WOD physiological parameters, and after the practice of the WOD 

Fran benchmark, the post-WOD physiological parameters were reevaluated. Then, individuals were allocated into groups based on the 

distribution of performance time in the benchmark. The pre-intervention values were used as a control for the post-intervention values, 

compared and paired between groups (anthropometric assessments and mental skills) and moments (physiological parameters). 

 

Sample Characterization 

A sample of 32 participant’s compoused the present study, inhabitants of the city of Governador Valadares (Minas Gerais, Brazil). The 

groups were divided into Elite (E; n = 07; age: 28.8 years; body mass: 80.0 kg; height: 1.72 cm; practice time: 47.00 months), Advanced (A; 

n = 10; age: 33.4 years; body mass: 71.7 kg; height: 1.70 cm; practice time: 27.60 months) and Beginner (B; n = 15; age: 30.6 years; body 

mass: 72.3 kg; height: 1.70 cm; practice time: 22.76 months). 

 The participants were divided according to their performance in the benchmark execution time as follows: the first group was formed 

by athletes who performed WOD Fran in up to 239 seconds, being classified as an Elite group; the second group consisted of athletes who 



 

performed the WOD between 240 to 393 seconds, and considered an Advanced group; the third group, formed by athletes who performed 

the WOD over 394 seconds, being considered a Beginner. 

Inclusion criteria for participants: belonging to the age group between 20 and 40 years; regular training routine (minimum three times 

a week), with at least 12 months of continuous experience; female participant being under hormonal control (use of contraceptive method). 

Exclusion criteria for participants: People who reported using substances that may alter psychophysiological characteristics in the last three 

months. The list of substances considered doping by the World Anti-Doping Agency was used; failing to complete one of the proposed tests; 

be participating in two or more physical activity programs simultaneously. 

 

Instruments and procedures 

The research was carried out in the participants' affiliation box, in a separate and organized place for the intervention. All evaluations were 

performed at night. For the execution of the WOD, the practitioners were instructed to reach the condition of exhaustion, continuous 

monitoring of the heart rate was carried out and encouragement of voice as modulation of behavior to motivate the participant to execute the 

WOD.  

 Avoiding interference from uncontrolled variables during the execution of the WOD, all practitioners were instructed to maintain 

their usual lifestyle and regular diet before and during the study, and women to maintain hormonal control.  

 A single evaluator was used per parameter, carrying out training and alignment. Anamnesis and a sociodemographic questionnaire 

were applied for the evaluations in order to characterize the sample, using the questionnaire containing questions related to age, sex, 

education, profession, practice time of joining cross training, training frequency/week/day, reasons for choosing the cross training modality 

(appearance, conditioning, diversion, health, and performance), the reason for staying in the modality (appearance, competition, 

conditioning, social interaction, diversion, health, and performance), presence of chronic disease, and  medication use. 

For anthropometric assessment, we used body mass measurement (portable digital electronic scale - Líder P150M®, Araçatuba - 

Brazil), height (Alturaexata®, Belo Horizonte-Brazil), waist and hip ratio (using a tape measure), skin folds (chest, tricipital, subscapular, 

suprailiac, middle axillary, abdominal and thigh; measured with the CESCORF adipometer, BRA), and body mass index (Calculated by 

dividing body mass by square height) (Sheill, 2018). 

 To assess mental skills, we used the Mental Resilience Scale (Wagnild & Young, 1993) to identify the degree of individual resilience, 

considering it a personality characteristic that allows psychosocial adaptation to adversity (Codonhato et al., 2018). The calculation of the 

sample's internal consistency in the research reached a Cronbach's alpha of 0.82. 

Mental Toughness Questionnaire (Sheard et al., 2009) refers to mental toughness as the individual's ability to overcome adversity, 

including self-confidence, commitment, perseverance, and emotions management (Liew et al., 2019; Sheard et al., 2009). The sample's 

internal consistency in the survey was calculated and found a Cronbach's alpha of 0.88. 

Motivation Questionnaires (Frederick & Ryan, 1993) has been applied to identify the reasons for the practice's adherence to physical 

activity (Gonçalves & Alchieri, 2010). The sample's internal consistency in the survey was calculated and found a Cronbach's alpha of 0.88. 



 

To assess the Physiological parameters, we used Heart Rate measurements using Polar ProTrainer 5, USA (Leal et al., 2019); for 

Blood Pressure, we used the auscultatory method and using the aneroid sphygmomanometer with the Premium device, Duque de Caxias - 

Brazil (Leal et al., 2019; Malachias et al., 2016), and Blood Lactate were measured with the Accutrend analyzer® GC / GCT, the USA, in a 

blood sample from the finger (Zebrowska et al., 2019). All physiological parameters were obtained before and after the intervention of the 

WOD Fran. An acute intervention was proposed using a WOD Fran benchmark, which is a three-round workout with the repetition scheme, 

with the general goal of completing the prescribed exercises and repetitions as quickly as possible (Glassman, 2015). The total load used in 

the Thruster exercise was 43kg for men and 29 kg for women (Glassman, 2015). There was a standardized 5-minute warm-up, which 

consisted of running around the box and simulating movements at low intensities (~ 60% of HRmax). After 5 minutes of rest, the execution 

of WOD Fran began. 

 

Statistical analysis 

The Shapiro-Wilk and Levene test was applied to verify the normality and homogeneity of the data variance, respectively. The Mauchly test 

verified the sphericity hypothesis, and when violated, the degrees of freedom were corrected by the Greenhouse-Geisser estimates.  

The statistical analysis performed used ANOVA with an independent factor for the mental skills questionnaires, and the range (R) 

value was included, which is the difference between the lowest and the highest number observed in the mental skills tests. Repeated 

measures ANOVA (pre-WOD and post WOD) were applied, conducted to compare executive functions and physiological parameters, 

between moments. 

Pearson's coefficient was used to assess interdependence between the variables: personality, mental skills, executive and 

physiological functions. Correlations were classified as weak (r = 0.10 to 0.30); moderate (r = 0.40 to 0.60); or strong (r = 0.70 to 1) 

(Paranhos et al., 2014). To assess the questionnaires' internal consistency, Cronbach's alpha was estimated (Gliem & Gliem, 2003). 

The data are described as mean (M) and standard deviation (SD). The p-value ≤ of 0.05 was adopted as the significance criterion. All 

analyzes were applied using the Statistical Package for Social Sciences (SPSS 22.0) for Windows. 

 

Results 

This research evaluated 32 individuals (62.5% men) who practice cross training. The reasons that led them to practice the sport were: 31.3% 

health, 28.1% body appearance concern, 21.9% fun, 9.4% physical conditioning, and 9.3% performance. However, to remain in the sport, 

the goals were: 37.5% funn, 21.9% health, 12.5% social interaction, 9.4% performance, 9.3% competition, 6.3% fitness, and 3.1% body 

appearance concern.  

The Elite group was composed of 21.9% of the participants; the Advanced group 31.3%, and the Beginner group 46.8% of cross 

training practitioners in the present study.  

The description of anthropometric variables: time of execution of WOD Fran, time of practice, and the weekly volume of training for 

cross training practitioners, is made in means and standard deviation. The variables are stratified by groups, as shown in Table 1. 

Table 1 near here 



 

The statistical analysis showed that there is a significant difference in relation to the execution time of WOD Fran (F(2, 29) = 7.30; p ≤ 

0.001; ηp2 = 0.802), in the time of practice of cross training (F(2, 29) = 8.86; p ≤ 0.001; ηp2 = 0.98) and in the weekly training volume (F(2, 29) = 

6.06; p = 0.006; ηp2 = 0.86). The Elite group had a better average in the time of execution of the WOD, time of practice of cross training, and 

the weekly volume of training, in relation to the groups Advanced and Beginner. The results did not reveal significant differences between 

groups when comparing anthropometric measurements (p ≥ 0.05 for all other comparisons). In the description in Table 2, we present the 

assessment of mental skills between the groups, through the questionnaires of toughness, mental resilience and motivation, described in 

average, standard deviation and range. 

Table 2 near here 

The statistical analysis showed that there is a significant difference in relation to the dimensions of mental skills, in the total aspects 

of mental toughness (F(2, 29) = 4.13; p = 0.003; ηp2 = 0.22), and in the control dimension (F(2, 29) = 3.75; p = 0.004; ηp2 = 0.14). The Advanced 

group had a better average in the total mental robustness and the constancy factor's dimension compared to the Elite and Beginner groups. 

The statistical analysis showed no significant difference in the comparison between the groups for the other factors (p≤0.05 for all other 

comparisons). However, despite not being significant, we observed that the groups have a high mental control rate, medium constancy, and 

low confidence concerning toughness. As for resilience, the groups have low mental resilience. According to the motivation, the groups 

point to the diversion factor and the competition factor to be at cross training. 

Table 3 presents the groups' physiological parameters, according to performance, described in mean and standard deviation. 

Table 3 near here 

The statistical analysis identified a difference in the comparison between the pre and post measurements in all groups for: heart rate 

(F(1, 29) = 1091.07; p ≤ 0.001; ηp2 = 0.97), systolic blood pressure (F(1, 29)= 138.47; p ≤ 0.001; ηp2 = 0.83), diastolic blood pressure (F(1, 29)= 

31.35; p ≤ 0.001; ηp2 = 0.52), and blood lactate (F(1, 29)= 318.19; p ≥ 0.001; ηp2 = 0.92). 

 In Table 4, we present the correlations of the physiological parameters associated with the cross training participants' mental skills 

according to performance. 

Table 4 near here 

There was a significant correlation between mental skills associated with physiological parameters in the Elite group. The 

associations were strong and positive for competition factor and systolic blood pressure (p = 0.03), appearance factor, and blood lactate (p ≤ 

0.001); proved to be strong and negative for social factor and WOD execution time (p = 0.02), constancy factor and systolic blood pressure, 

constancy factor and diastolic blood pressure (p = 0.04). The other variables, when associated, did not show significant correlations (p ≤ 

0.05). 

 There was a significant correlation between mental skills associated with physiological parameters in the Advanced group. 

Concerning the Advanced group, there was a strong and negative correlation in the factors confidence and blood lactate (p = 0.02); moderate 

and positive correlation in the total resilience and in the execution time of the WOD (p ≤ 0.001). For the other variables, there were no 

significant correlations (p≤0.05). 



 

There was a significant correlation between mental skillss associated with physiological parameters in the Beginner group. The group 

showed a strong and negative significant association for constancy and lactate (p = 0.04). There was a negative and moderate correlation in 

total robustness and lactate (p ≤ 0.001), total motivation and lactate (p = 0.04), competition factor and lactate (p = 0.03, health factor and 

lactate (p = 0.04), social factor and lactate (p = 0.03). For the other variables, there were no significant correlations (p ≤ 0.05). 

 

Discussion 

To date, there are no studies that address the acute effect of a cross training benchmark about the physiological parameters associated with 

mental skills (Dominski, Serafim, et al., 2019). Understanding the importance of these mental skills for performance is one more component 

of preparing the high-performance athlete (Fletcher & Sarka, 2016). Therefore, the present study verified WOD cross training Fran's acute 

effect on physiological parameters associated with mental skills according to performance. Regarding the reasons that led practitioners to 

join cross training, we found in the sociodemographic questionnaire data that indicate health as the main reason (31.3%), followed by body 

appearance concern (28.1%) and fun (21.9%). A study like the one by Sibley and Bergman (2018) affirms that the adherence and motivation 

to practice the cross training modality include individuals from different groups such as obese, healthy, and athletes, and the number of 

people as a limitation to the practice of this modality for each group compared. 

 However, the reason for staying at cross training indicated that 37.5% of the practitioners aim for more fun activities, 21.9% seek to 

improve health, and 12.5% practice the modality for social interaction. The data presented corroborate those of previous authors (Tibana et 

al., 2015; Dominski et al., 2020), which point to a relationship between the challenging character and the motivation for staying and adhering 

to the modality - with higher levels of social relations, satisfaction, and behavioral regulation. These findings indicate that professionals seek 

strategies to increase practitioners' adherence and permanence in the cross training modality. 

The grouping of participants, occurring according to the performance time in WOD Fran, the Elite group (177 sec) concluded the 

benchmark with a shorter time than the Advanced group (314 sec) and Beginner group (538 sec). This difference could be associated with 

technical performance and physical fitness, developed with practicing the modality, which consequently improves your training's final time 

(Glassman, 2015). 

 Regarding mental toughness, the Advanced group showed a difference concerning the Elite and Beginner groups and the control 

factor when compared between groups. We believe that the Advanced group was more motivated in the sport at that time, concerning the 

change of level, aiming to achieve a better classification, becoming mentally stronger and controlled. We found that the Advanced group was 

more focused on executing the WOD with precision, already Elite just accomplished the task without much effort. We observed that 

individuals who have a significant increase in mental toughness are more likely to perform well in the sport they practice (Ong & Griva, 

2017). 

When correcting the questionnaire, we found a high index of mental control, moderate constancy, and low confidence, corroborating 

the systematic review that found mental toughness as one of the best-classified psychological characteristics in the performance of more 

successful athletes (Liew et al., 2019). Hence, the need to improve mental robustness, incorporating it as an essential element in training to 

obtain higher sport performance levels in cross training. 



 

 A fact to note is that all groups showed low mental resilience. We understand the importance of mental resilience in the sports 

context, as athletes must use and optimize various mental skills to withstand the pressures they experience (Fletcher & Sarkar, 2016). In this 

research, taking into account the data collected, we suggest that athletes with low mental resilience carry out a systematic training program to 

develop it to succeed.  

Regarding motivation between groups, we can see in Table 7 that there was no difference between them. The three groups' profiles 

indicated that motivational interests are linked to factors such as diversion and competition. It is well known that a cross training activity 

presents these reasons in their daily workouts, which corroborates the study by Dominski et al. (2019), who describe cross training as general 

physical conditioning, with characteristics that favor motivation and the permanence of its practitioners in this modality. 

Present results suggest that professionals should pay attention to the perceptions of the motivational climate and group exercises' 

objectives. These differences can motivate, encourage, and instruct cross training practitioners more effectively, particularly in what they do. 

It is about setting goals that more effectively address your stay at cross training. 

The physiological parameters data showed differences in the pre and post-WOD comparisons between the three groups. There was a 

difference in the heart rate variable before and after WOD, with an increase of approximately 95% of HRmax. Studies report that the 

response to stress results in reactions that occur the interaction of the endocrine, immune and nervous systems through chemical mediators. 

The Sympathetic Autonomic Nervous System is the adrenergic or excitatory, releases adrenaline and norepinephrine that act in receptors and 

are mediators of adrenaline and norepinephrine stimulatory action on smooth muscle. Α receptors promote vasoconstriction while β promote 

vasodilation and increase heart rate (Fonseca et al., 2015).  

 Blood lactate had an increase above 100%, which may be related to satisfaction in carrying out the activity or reaching the goals, thus 

ignoring the high level of lactate and fatigue common among athletes. In the study by (Perciavalle et al., 2016), we can see who reports that, 

during an exhaustive exercise, there is an increase in blood lactate, an expression of performance intensity instead of muscle fatigue. 

There was a significant increase in systolic blood pressure and a decrease in diastolic blood pressure. Due to the increase in the SNS 

and the need to increase cardiac output to perform the task that involves large muscle groups and oxygen demand, much research has been 

done in the literature about physical exercises and their impact on the physiological mechanisms that regulate blood pressure, such as, 

baroreflex, autonomic actions on heart rate, stroke volume, peripheral vascular resistance, cardiac output, due to changes in cardiac muscle 

contraction, with a resulting increase in systemic vascular conductance with the possibility of extending this reduction for up to 24 hours 

(Materko et al., 2020). 

Taking into account the mental skills, the Elite group stood out from the others, presenting a strong and negative correlation between 

the time of execution of the WOD about the characteristics of the social factor, indicating that they are more socially dependent and with 

tendencies to judgment, who seek excellence in its results. The strong and negative association with SBP and DBP before and after WOD 

with a characteristic of the constancy factor, revealing that emotionally constant people tend to have lower BP in the pre and post-exercise; 

they cope better with stressful situations. A strong relationship in the pre SBP with the competition factor is characteristic of more 

competitive people and tends to present symptoms that increase BP, using the stressful situation in their favor as a propelling spring. 



 

Kaiseler et al. (2019) indicated that athletes mentally more resistant tend to report stressors as less intense and perceive more 

significant control over the stressors. Activities that demand high levels of mental stress and attentional processing can reduce 

parasympathetic tone and homeostatic changes (Kim, 2015). These results corroborate investigations in which complex interactions between 

the sympathetic-parasympathetic systems occur when participants perform tests that demand states of attention and acute psychological 

stress.  

We found in the Elite group an association between lactate and appearance factor after WOD, pointing out that individuals concerned 

with appearance probably have more resistance to pain; reach their extreme to achieve their goals related to the body. As we have not found 

studies on the appearance and dependence of exercises in intensity and volume, we indicate future studies' theme. 

On the other hand, the Advanced group showed a strong association in the execution time of the WOD with a character in the total 

resilience, suggesting that resilient people develop the execution of WOD with a longer duration. There was also a correlation with high 

lactate and the characteristics of the low confidence factor, indicating the need for prescription of mental training to increase the athlete's 

confidence, as highlighted by a study by Fortes et al. (2017), on the effectiveness of the associated mental practice physical training. 

Finally, the Beginner group showed a negative and moderate correlation in pre-WOD lactate and total toughness, total motivation, 

competition, health, and social factors. The athletes' success depends on the combination of physical, tactical, technical, and psychological 

factors. The psychological factor is usually the determinant that differentiates a winner (Codonhato et al., 2018).  

 

Conclusion 

Regarding mental skills, Advanced level athletes showed greater total strength than Elite and Beginner athletes. There was no difference 

between groups in resilience and motivation. However, studying the cross training athlete's mental skills is essential to understand and 

develop strategies and techniques to improve their sports performance. Thus, we infer that implementing mental training with a focus on 

toughness, resilience, and motivation is indicated for a better performance of athletes, expanding confidence (toughness), the ability to 

recover after failures (resilience), persistence or refusal in give up and stay focused (motivation) in the face of potential distractions.  

 The research stands out for physical training when it finds that the physiological effects of mental skills help in the construction and 

knowledge of the athlete's training profile. Thinking about the individual in its entirety proposes work in conjunction with physiological and 

psychological issues to affect the athlete's performance. These data can be used to know a little more about the athlete and rethink skills to 

train and increase performance. 

 

References 

Kim, Y. (2015). The effect of regular Taekwondo exercise on Brain-derived neurotrophic factor and Stroop test in undergraduate student. 

Journal of exercise nutrition & biochemistry, 19(2), 73. Doi: 10.5717/jenb.2015.15060904  

Beatty, G. F., & Janelle, C. M. (2019). Emotion regulation and motor performance: An integrated review and proposal of the Temporal 

Influence Model of Emotion Regulation (TIMER). International Review of Sport and Exercise Psychology, 1–31. 

https://doi.org/10.1080/1750984X.2019.1695140 

https://dx.doi.org/10.5717%2Fjenb.2015.15060904
https://doi.org/10.1080/1750984X.2019.1695140


 

Codonhato, R., Vissoci, J. R. N., Nascimento Junior, J. R. A., Mizoguchi, M. V., & Fiorese, L. (2018). Impact of resilience on stress and 

recovery in athletes. Revista Brasileira de Medicina do Esporte, 24(5), 352–356. https://doi.org/10.1590/1517-869220182405170328 

Dominski, F. H., Serafim, T. T., & Andrade, A. (2019). Knowledge production about Crossfit®: Systematic review. RBPFEX-Revista 

Brasileira de Prescrição e Fisiologia do Exercício, 12(79), 962–974. 

http://www.rbpfex.com.br/index.php/rbpfex/article/view/1553/1132  

Fitzwater, J. P. J., Arthur, C. A., & Hardy, L. (2018). “The tough get tougher”: Mental skills training with elite military recruits. Sport, 

Exercise, and Performance Psychology, 7(1), 93. https://doi.org/10/gcx6tj 

Fletcher, D., & Sarkar, M. (2016). Mental fortitude training: An evidence-based approach to developing psychological resilience for 

sustained success. Journal of Sport Psychology in Action, 7(3), 135–157. https://doi.org/10.1080/21520704.2016.1255496 

Fonseca, N. C., Gonçalves, J. C., & Araujo, G. S. (2015). Influência do Estresse sobre o Sistema Imunológico. Brasília: Faculdades 

Promove, 1–8. 

Fortes, L. D. S., Lira, H. A. A. D. S., Lima, R. C. R. D., Almeida, S. S., & Ferreira, M. E. C. (2016). Mental training generates positive effect 

on competitive anxiety of young swimmers? Revista Brasileira de Cineantropometria & Desempenho Humano, 18(3), 353-361. 

https://doi.org/10.5007/1980-0037.2016v18n3p353  

Frederick, C. M., & Ryan, R. M. (1993). Differences in motivation for sport and exercise and their relations with participation and mental 

health. Journal of sport behavior, 16(3), 124. 

Glassman G., G. (2015). O Guia de Treinamento Crossfit. http://library.crossfit.com/free/pdf/CFJ_English_Level1_TrainingGuide.pdf 

Gliem, J. A., & Gliem, R. R. (2003). Calculating, interpreting, and reporting Cronbach’s alpha reliability coefficient for Likert-type scales. 

Gonçalves, M. P., & Alchieri, J. C. (2010). Motivação à prática de atividades físicas: Um estudo com praticantes não-atletas. Psico-USF, 

15(1), 125–134. https://doi.org/10.1590/S1413-82712010000100013 

Sheill, G., Guinan, E. M., Peat, N., & Hussey, J. (2018). Considerations for exercise prescription in patients with bone metastases: a 

comprehensive narrative review. PM&R, 10(8), 843-864. https://doi.org/10.1016/j.pmrj.2018.02.006 

Kaiseler, M., Levy, A., Nicholls, A. R., & Madigan, D. J. (2019). The independent and interactive effects of the Big-Five personality 

dimensions upon dispositional coping and coping effectiveness in sport. International Journal of Sport and Exercise Psychology, 

17(4), 410–426. 

Leal, F. F., Marvery Peterson Duarte, Almeida, L. S., Ribeiro, H. S., Vitor Tajra, Brito, C. J., & Ferreira Aparecido. (2019). Crossfit "for 

time" and "amrap" workouts induce post-exercise hypotension. 346158 Bytes. https://doi.org/10.6084/M9.FIGSHARE.11196389 

Liew, G., Kuan, G., Chin, N., & Hairul, A. H. (2019). Mental toughness in sport: Systematic review and future. German Journal of Exercise 

and Sport Research, 49(4), 381–394. 

Malachias, M. V. B., Souza, W., Plavnik, F. L., Rodrigues, C. I. S., Brandão, A. A., & Neves, M. F. T. (2016). 7a Diretriz brasileira de 

hipertensão arterial. Arquivos Brasileiros de Cardiologia, 107(3), 1–103. https://doi.org/10.5935/abc.20160151  

Materko, W., Brito, A. L., & Belfort, D. R. (2020). Acute effects of aerobic running on blood pressure in young normotens adults. Journal of 

Physical Education, 31. https://doi.org/10.4025/jphyseduc.v31i1.3108  

Dominski, F. H., Serafim, T. T., Siqueira, T. C., & Andrade, A. (2020). Psychological variables of CrossFit participants: a systematic 

review. Sport sciences for health, 1-21. Doi: 10.1007/s11332-020-00685-9 

Ong, N. C., & Griva, K. (2017). The effect of mental skills training on competitive anxiety in schoolboy rugby players. International Journal 

of Sport and Exercise Psychology, 15(5), 475–487.  https://doi.org/10.1080/1612197X.2016.1153129  

Paranhos, R., Figueiredo Filho, D. B., da Rocha, E. C., da Silva Júnior, J. A., Neves, J. A. B., & Santos, M. L. W. D. (2014). Desvendando 

os mistérios do coeficiente de correlação de Pearson: O retorno. Leviathan (São Paulo), 8, 66–95. https://doi.org/10.11606/issn.2237-

4485.lev.2014.132346  

Perciavalle, V., Marchetta, N. S., Giustiniani, S., Borbone, C., Perciavalle, V., Petralia, M. C., Buscemi, A., & Coco, M. (2016). Attentive 

processes, blood lactate and CrossFit®. The Physician and Sportsmedicine, 44(4), 403–406. https://doi.org/10/gft5s2 

Sarmento, H., Catita, L., & Fonseca, A. (2008). Sport motivation–A comparison between adult football players competing at different levels. 

5th International Scientific Conference on Kinesiology. 

https://selfdeterminationtheory.org/SDT/documents/2008_SarmentoCatitaFonseca_KRTA.pdf  

Sheard, M., Golby, J., & Van Wersch, A. (2009). Progress toward construct validation of the Sports Mental Toughness Questionnaire 

(SMTQ). European Journal of Psychological Assessment, 25(3), 186–193. https://doi.org/10.1027/1015-5759.25.3.186  

https://doi.org/10.1590/1517-869220182405170328
http://www.rbpfex.com.br/index.php/rbpfex/article/view/1553/1132
https://doi.org/10/gcx6tj
https://doi.org/10.1080/21520704.2016.1255496
http://library.crossfit.com/free/pdf/CFJ_English_Level1_TrainingGuide.pdf
https://doi.org/10.1590/S1413-82712010000100013
https://doi.org/10.6084/M9.FIGSHARE.11196389
https://doi.org/10.5935/abc.20160151
https://doi.org/10.4025/jphyseduc.v31i1.3108
https://doi.org/10.1080/1612197X.2016.1153129
https://doi.org/10.11606/issn.2237-4485.lev.2014.132346
https://doi.org/10.11606/issn.2237-4485.lev.2014.132346
https://doi.org/10/gft5s2
https://selfdeterminationtheory.org/SDT/documents/2008_SarmentoCatitaFonseca_KRTA.pdf
https://doi.org/10.1027/1015-5759.25.3.186


 

Sibley, B. A., & Bergman, S. M. (2018). What keeps athletes in the gym? Goals, psychological needs, and motivation of CrossFitTM 

participants. International Journal of Sport and Exercise Psychology, 16(5), 555–574. 

https://doi.org/10.1080/1612197X.2017.1280835 

Souza, T. S., & Decussatti, D. O. (2017). Sport and resilience: A systematic review. Pensar a Prática, 20(2), 389–401. URL: 

https://www.revistas.ufg.br/.../pdf  

Tibana, R. A., de Almeida, L. M., & Prestes, J. (2015). Crossfit® riscos ou benefícios? O que sabemos até o momento. Revista Brasileira de 

Ciência e Movimento, 23(1), 182–185. https://doi.org/10/gftpkb 

Wagnild, G. M., & Young, H. (1993). Development and psychometric. Journal of nursing measurement, 1(2), 165–17847. 

file:///C:/Users/Samsung/Downloads/gestation-dependant-changes-in-angiogenic-factors-and-their-associations-with-fetal-growth-

measures-in-normotensive-pregnancy.pdf  

Wall, T., Strycharczyk, D., & Clough, P. (2019). Mental Thoughness Development. Springer. https://doi.org/10.1007/978-3-319-95681-7_20  

Zebrowska, A., Trybulski, R., Roczniok, R., & Marcol, W. (2019). Effect of Physical Methods of Lymphatic Drainage on Postexercise 

Recovery of Mixed Martial Arts Athletes: Clinical Journal of Sport Medicine, 29(1), 49–56. 

https://doi.org/10.1097/JSM.0000000000000485 

 

 

https://doi.org/10.1080/1612197X.2017.1280835
https://www.revistas.ufg.br/.../pdf
https://doi.org/10/gftpkb
Downloads/gestation-dependant-changes-in-angiogenic-factors-and-their-associations-with-fetal-growth-measures-in-normotensive-pregnancy.pdf
Downloads/gestation-dependant-changes-in-angiogenic-factors-and-their-associations-with-fetal-growth-measures-in-normotensive-pregnancy.pdf
https://doi.org/10.1007/978-3-319-95681-7_20
https://doi.org/10.1097/JSM.0000000000000485


Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Tables.pdf

https://assets.researchsquare.com/files/rs-755003/v1/0741bd1bd30863aaf159ad42.pdf

