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Investigation of a Progressive Relaxation Training Intervention on Precompetition Anxiety and Sports Performance Among Collegiate Student Athletes
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This study aims to investigate whether simple and convenient progressive relaxation training (PRT) is effective in enhancing collegiate student athletes’ mental health and sports performance. An experimental group of 14 (6 female) and a control group of 10 (5 female) collegiate student athletes were recruited from among track and field athletes who were preparing for provincial competition. The experimental group was exposed to a PRT intervention in 30-min sessions conducted twice per week for a duration of one month. At baseline, the Competitive State Anxiety Inventory-2 (CSAI-2), State-Trait Anxiety Inventory (STAI), and Eysenck Personality Questionnaire-Revised Short Scale for Chinese (EPQ-RSC) were completed, while only the CSAI-2 was reassessed at one, two, and three weeks after initiation of the intervention. Additionally, within half a day after completing all one’s individual competition events, the CSAI-2 was again assessed in the two groups recalling their memory of their precompetition state anxiety. Then, the differences in the three dimensions of the CSAI-2 between the two groups at the five time points introduced above were compared. This study also explored whether PRT affected sports performance, defined by the athletes reaching their best records or not, by logistic regressive analysis. This study found significant between-group differences in the self-confidence dimension score at the second and third time points. Through logistic regression analysis, a positive effect of PRT was found for the enhancement of sports performance. In sum, PRT showed positive effects on precompetition state self-confidence and enhanced sports performance among collegiate student athletes.
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INTRODUCTION

Mental health (especially depression and anxiety) has been increasingly emphasized among athletes (Reardon et al., 2019; Rice et al., 2019, 2016). A meta-analysis examining anxiety among elite athletes reported that approximately 75% of the included references had been published in the previous five years (Rice et al., 2019). Drew et al. (2018) investigated five aspects of illness symptoms, including deteriorated mental health status and high-pressure conditions, in 317 athletes participating in 11 sports three months before the 2016 summer Olympic Games; their findings revealed that anxiety and depression status were the main factors resulting in illness, as all participants reported at least one symptom in the month before the investigation. In addition to the emphasis of anxiety in regard to the mental health of athletes, continuing discussions are being conducted on its relationship with sports performance (Kleine et al., 1988; Kleine, 1990; Hardy and Hagtvet, 1996; Englert and Bertrams, 2012; Rathschlag and Memmert, 2015; Steinberg and Doppelmayr, 2015; Siart et al., 2017; Yang et al., 2019).

Competitive anxiety is one kind of state anxiety and is also called competitive state anxiety (Gould et al., 1987; Craft et al., 2003; Tsopani et al., 2011). Competitive state anxiety exists in different phases of a competition (including precompetition). Given its important impact on sports performance, investigations have focused on precompetition anxiety (Gould et al., 1987; Jokela and Hanin, 1999; Fu, 2000; Woodman and Hardy, 2003; Tsopani et al., 2011; De Pero et al., 2013; Zenebe et al., 2016; Munoz et al., 2017; Souza et al., 2019). Among the published reports, the Competitive State Anxiety Inventory-2 (CSAI-2) (Martens et al., 1990) was the most cited instrument and reflects the effects of state anxiety on sports performance from multiple dimensions including somatic anxiety, cognitive anxiety, and self-confidence (Gould et al., 1987; Jokela and Hanin, 1999; Craft et al., 2003; Woodman and Hardy, 2003; De Pero et al., 2013; Zenebe et al., 2016; Munoz et al., 2017; Souza et al., 2019). Since the translation of the CSAI-2 and its introduction to China (Zhu, 1994), the 27-item Chinese version of the CSAI-2 has been continuously used (Fu, 2000; Liu et al., 2015), including its recent application among track and field collegiate student athletes (Xu et al., 2017; Fang, 2019), reflecting the credibility and validity of the Chinese version of the CSAI-2 in evaluating precompetition anxiety.

In addition to state anxiety, sports performance can also be impacted by trait anxiety (Horikawa and Yagi, 2012; Judge et al., 2016). The State-Trait Anxiety Inventory (STAI) (Spielberger et al., 1983) is a valid instrument for evaluating anxiety (Julian, 2011) and has also been applied in the evaluation of competition anxiety (Turner and Raglin, 1996; Yang et al., 2007; Silva et al., 2012). Reports have shown no difference between the CSAI-2 and STAI in evaluating precompetition anxiety traced back from five days after the competition (Wilson et al., 2000). Differences in personality, especially differences in the neuroticism dimension, also induce different effects on the experience and the level of deterioration due to anxiety (Lahey, 2009; Balyan et al., 2016; Petito et al., 2016; Dal et al., 2018; Rocha and Osório, 2018).

Determining how to decrease anxiety and enhance sports performance has always been emphasized (Scott-Hamilton et al., 2016; Bühlmayer et al., 2017; Beatty and Janelle, 2019; Chen et al., 2019). Studies have examined how classic psychological skill training methods (such as relaxation, mental imagery, and self-talking) change psychological status and enhance skill performance and how new applications can be carried out. For example, Hagan et al. (2017) found that long-term positive precompetition psychological status was expected among athletes when routine psychological skill training was added in a continuous training program. Kuan et al. (2018) concluded that mental image training combined with relaxation music enhanced delicate skill performance. Additionally, significant effects of relaxation training for decreasing anxiety have been repeatedly found (Manzoni et al., 2008; Rumbold et al., 2012; Kim and Kim, 2018).

Unlike elite athletes, collegiate student athletes face the same academic and social pressure as their peer schoolmates in addition to the need to enhance personal sports skills and acquire better competitive achievements. However, although collegiate student athletes are faced with significantly less competitive pressure than elite athletes, due to the lack of skilled experience coping with different environmental stresses, valid consultation and services should be available to them in case of impaired functioning induced by various pressures. Therefore, the importance of mental health interventions should not be neglected among these individuals (Shannon et al., 2019). Recently, a consensus regarding the process of recognition and referral of collegiate student athletes with psychological concerns has been reached among different associations of the States (Neal et al., 2013). Additionally, randomized controlled trials among collegiate student athletes examining the effects of asking for aid in sustaining mental health, based on a particular model, were conducted (Eisenberg, 2014). Similarly, in China, collegiate athletic teams are always short of professional psychological consultants; therefore, easy and convenient interventions to improve mental health as well as enhance sports performance are practical solutions.

Progressive relaxation training (PRT), also called Jacobson’s progressive relaxation or progressive muscle relaxation (PMR), is one kind of relaxation training as well as a coping strategy applied in systematic desensitization (Wolpe, 1958) of cognitive behavioral therapy (CBT). It is a standard instrument used by therapists in CBT or behavioral therapy. Focusing on self-motion combined with repeated rotations through “contract–relaxation–recontract” cycles of muscle movements, it may be that athletes have a sophisticated understanding of voluntary relaxation of their whole-body muscle, better cognize intense reflection, and thus control the intensity of the whole-body muscle, leading to peace and decreased negative emotions such as anxiety, depression, and fear (Zhao et al., 2016). Therefore, through peace and relaxation of the whole-body muscle, PRT inhibits anxiety induced by particular environments, such as general anxiety reactions (Dolbier and Rush, 2012; Allison et al., 2019; Quinones and Griffiths, 2019), specialized speech phobia (Hazlett-Stevens and Borkovec, 2001), and preexamination anxiety (Wachelka and Katz, 1999; Dehghan-Nayeri and Adib-Hajbaghery, 2011; O’Donnell and Dunlap, 2019; Gallego-Gómez et al., 2020), as reported in recent research. Among these studies, the most commonly reported effects pertained to the release of anxiety among collegiate students (Wachelka and Katz, 1999; Dehghan-Nayeri and Adib-Hajbaghery, 2011; Dolbier and Rush, 2012; Allison et al., 2019). Through changing anxiety status, PRT can efficiently enhance personal performance (Wachelka and Katz, 1999; Kim, 2008; Gallego-Gómez et al., 2020). Meanwhile, PRT has been shown to be capable of decreasing anxiety and pressure, as well as promoting better performance among professional athletes (Keilani et al., 2016). However, only a study of decreasing physiological stress reactivity among collegiate student athletes is reported (Hunt et al., 2018).

Therefore, there are reports of decreased anxiety and enhanced performance among collegiate students through PRT. A report has also demonstrated the effect on decreasing physiological stress reactivity among collegiate student athletes by PRT. However, there is no report of the application of PRT for decreasing state anxiety or enhancing sports performance among collegiate student athletes as far as we know. In this study, investigation of the inhibiting effect of PRT on precompetition anxiety was first considered. Meanwhile, a longitudinal analysis of changes in trends of precompetition anxiety under different conditions was provided. Additionally, whether the intervention was good for athletes in achieving their best personal performance was explored. The CSAI-2 and STAI were assessed for the evaluation of precompetition anxiety. Considering the higher probability of anxious experiences in those with higher neuroticism personality scores and their impact on precompetition anxiety, the Eysenck Personality Questionnaire-Revised Short Scale for Chinese version (EPQ-RSC) was also assessed to test the personality of participants. There were two hypotheses: first, PRT is capable of reducing precompetition anxiety among collegiate student athletes; second, PRT is beneficial in enhancing sports performances of collegiate student athletes.



MATERIALS AND METHODS


Participants

This study recruited 25 participants from a collegiate track and field team who were preparing for provincial college-student sports games. All participants were randomly divided into the experimental group and control group. At the baseline, there were 14 subjects in the experimental group (male:female, 8:6) and 11 subjects in the control group (5:6). Although one female participant in the control group completed all tests, she knew that she would not participate in the competition. Compared with other participants in the control group and all participants in the experimental group, there was a lower probability for this participant to experience a precompetition anxiety state; therefore, her data were not included, and the number (and gender ratio) in the control group was 10 (5:5). All subjects gave their informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Human Research Ethics Committee of South China Normal University.



Research Procedure

In this study, the recruited participants were first randomly assigned to the experimental group and the control group based on gender. Then, after twice intervention, we noticed that two participants in the experimental group were not willing to join the PRT intervention while four in the control group were interested to know what was going on with their peers after their training (the PRT training is conducted posttraining each time). Thus, we replaced the unwilling two participants with the four interested initial ‘controls’. The baseline test started after the decision of 14 subjects in the experimental group and 10 subjects in the control group, and the instruments included the CSAI-2, STAI, and EPQ-RSC. After completing the tests, all participants began the 1-month precompetition preparatory training for six days a week, with one group resting on Saturday and the other on Sunday, or the coach adjusted the relaxation and training contents according to training conditions of athletes (the timing was uncertain under this condition). In the first week of training, participants of the two groups took part in the same preparation process together. After a high-intensity training day (twice per week), the participants in the experimental group joined a 30-min PRT session, which included communication before the intervention, the 15-min intervention, and feedback after the intervention. After the PRT session, the participants arranged their own activities as usual. The participants in the control group arranged their own activities after each training session as usual. All subjects in the experimental group and the control group maintained their original way of life and academic study and engaged in the same precompetition training. The only difference was that subjects in the experimental group received PRT twice a week.

After one week of preparatory training (and the intervention in the experimental group), the CSAI-2 was completed for the participants in the two groups. In the second week, all arrangements, including way of life, academic study, training, and intervention (for the experimental group), were the same as in the first week. After two weeks of preparatory training/intervention (for the experimental group), the CSAI-2 was completed again in the two groups of participants. In the third week, the two groups of participants maintained the same arrangements as the first and second weeks. After three weeks of preparatory training/intervention, the CSAI-2 was completed again in the two groups of participants, and in the fourth week of preparatory training, the two groups of participants maintained the same arrangements as those in the first to third weeks.

After four weeks of preparatory training/intervention, the two groups of participants took part in the competition together, and the coach recorded the results of all participants in the preliminary and final round of each event. Each subject was tested with the CSAI-2 again within half a day (3–10 hrs) after completing all their individual competition events to report their memory of their precompetition state anxiety. Meanwhile, information including each participant’s most and less skilful events, the best results of them, and the experience in both events was collected. The research procedure is shown in Figure 1.
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FIGURE 1. Research procedure.




Measurement Instruments


Competitive State Anxiety Inventory-2 (CSAI-2)

In this study, the form E version of the CSAI-2 was used, which was adapted from the original form A. It includes three subscales, including cognitive state anxiety, somatic state anxiety, and state self-confidence, with nine questions in each subscale and 27 questions in total on the scale. The score of all subscales can range from 9 to 36, and a higher score means higher cognitive state anxiety, somatic state anxiety, or state self-confidence. All questions scored from 1 to 4 reflected enhanced intensity with the exception of question 14, which was reverse scored. In the norm of the Chinese version of the CSAI-2 (Zhu, 1994), the internal consistency of the three subscales ranged from 0.68 to 0.72. As the subscales of cognitive state anxiety and somatic state anxiety showed a low positive relationship (r = 0.11–0.14), while state self-confidence showed a low negative relationship (r = −0.12 to −0.21) to scores on factor Q4 and factor O in Cattell’s 14 FP, the questionnaire demonstrates higher concurrent validity with the relevant state anxiety scale and trait anxiety scale. The medium positive correlations (r = 0.49–0.62) between cognitive state anxiety and somatic state anxiety show good independence of each subscale. In addition, the average correlation coefficients between scores on the cognitive and somatic state anxiety subscales and sports performances in the Chinese athletes sample were 0.2 to 0.26, and the corresponding correlation coefficient of the scores on the state confidence subscale was −0.32, which reflects a higher efficacy of the CSAI-2 questionnaire in predicting sports performance.



State-Trait Anxiety Inventory (STAI)

This study used the Chinese version of the STAI, which consists of guidelines and two subscales including 40 descriptive questions in total. Questions 1 to 20 represent the state anxiety inventory (S-AI), whereas questions 21 to 40 represent the trait anxiety inventory (T-AI). Each question on the STAI was evaluated from 1 to 4: on the S-AI, 1 represents not at all, 2 is somewhat, 3 is a medium degree, and 4 is very obvious; on the T-AI, 1 is almost nothing, 2 is somehow, 3 is often, and 4 is almost always. Then, the cumulative scores on the S-AI and T-AI were calculated with a minimum value of 20 and a maximum value of 80, reflecting the degree of state or trait anxiety, respectively. It has been reported that the test–retest reliability of the T-AI was 0.73 to 0.86, and that of the S-AI was 0.16 to 0.62. The correlation coefficients for the scores on the S-AI and T-AI were 0.77 to 0.84 with satisfactory structural validity (Wang et al., 1999).



Eysenck Personality Questionnaire-Revised Short Scale for Chinese (EPQ-RSC)

The EPQ-RSC used in this study was revised from the Eysenck Personality Questionnaire Brief Scale (EPQ-RS) by Qian et al. (2000). It consisted of four subscales, including extraversion (E), neuroticism (N), psychoticism (P), and validity (L) subscales, with 12 items on each subscale. The test–retest reliability of the scale was reported to be 0.67 to 0.88 after three weeks; the split-half reliability was 0.51 to 0.77, and the internal consistency was 0.54 to 0.78. The correlations between the original scale and the Chinese version of the EPQ were 0.27 to 0.64 (only the P subscale was 0.27, less than 0.5), which shows good validity.



Introduction and Implementation of Progressive Relaxation Training


Introduction of Progressive Relaxation Training

Progressive relaxation training is also called Jacobson’s progressive relaxation (Jacobson, 1938). It consists of two parts: posture preparation and 20 practices. The 20 practices begin with breathing, followed by twice relaxation of all the individual parts of the upper limbs in sequence. The relaxation of each body part includes four steps: first, contraction of the part; second, a pause for 5 s to experience the feeling of contraction; third, relaxation of the part; and fourth, a pause for 5 s to experience the feeling of relaxation. The relaxation sequence of all parts is as follows: first, the upper limbs; second, the head; third, the trunk; and fourth, the lower limbs. The relaxation of each following part also includes the four steps. Finally, the relaxation of the combined parts of the upper limbs occurs first, and then all parts of the lower limbs are relaxed together to complete the whole training process.



Implementation of Progressive Relaxation Training

First, for the posture preparation, participants need to loosen tight clothes and decorations that would hinder practice and then sit on a sofa or chair, with the two arms and hands being placed flat on the armrests of sofa or chair, the two legs naturally stretched forward, and the head and upper body gently leaning on the back of sofa; during this process, the participants need to sit as comfortably as possible to improve and enhance the effects of the practices.

Second, the 20 practices start with breathing, followed by upper limb relaxation, including the left hand, right hand, left biceps, right biceps, and fists; relaxation of the head, including the forehead, eyes, chins, neck, and lips; and relaxation of the trunk, including the shoulders and belly. The relaxation steps for each part are introduced in section “Introduction of Progressive Relaxation Training”. Relaxation of the upper limbs, head, and trunk is followed by relaxation of the lower limbs with the sequence of toes, heel, calf, and thigh of the left leg, the right leg, and then both legs. The relaxation steps for each part are the same as those introduced in section “Introduction of Progressive Relaxation Training”. Finally, relaxation of the upper limbs, head, and trunk is combined, and then relaxation of all parts of the head, trunk, and lower limbs is combined to complete the whole relaxation process.



Definition and Classification of Sports Performance

To evaluate the performance of the athletes, a criterion of reaching their best record was set. The two groups of athletes were classified based on their performance as best-record athletes versus non–best-record athletes. A detailed description is introduced below.

The definition was based on the events in which the athletes were most skilful/less skilful, the best records of the athletes in these most skilful/less skilful events, and the participated events and best records in these participated events. If the records in the participated events were the same or better than the personal best record for their most skilful/less skilful events, they were classified as best-record athletes. First, for athletes who only participated in their most skilful or less skilful events (nine athletes in two groups), classification was based on the records from these particular most skilful or less skilful events, and there were two athletes categorized as best-record athletes. Second, for athletes participating in both their most skilful and less skilful events (twelve athletes in two groups), classification was based on their best records from the participated events, and seven athletes were categorized as best-record athletes. Third, athletes who participated in events that were neither of their most skilful nor of their less skilful events (three athletes in two groups) were categorized as non–best-record athletes, as their recent results could not be compared to previous records. In total, nine athletes were categorized as best-record athletes, including seven athletes from the experimental group and two athletes from the control group.



Definition of Training Experience

Regarding the definition of training experience (years), with the exception of one athlete with no training experience in her less skilful event, all other athletes had training experiences with both their most skilful and less skilful events (23 athletes). For the one athlete, her training experience with the most skilful event was accepted as her training experience. For the other athletes, there were two kinds of definitions. For athletes with the same training experiences at their most skilful and less skilful items (12 athletes), their training experiences were defined as their experience with these events. For athletes with different training experiences between their most skilful and less skilful events (11 athletes), according to the introduction in section “Definition and Classification of Sports Performance,” their training experiences were defined based on three conditions. First, for individuals who participated in only a single event (i.e., their most skilful or less skilful event), their training experiences in this event were defined as their individual training experience (four athletes). Second, for athletes who participated in both their most skilful and less skilful events, with the exception of two athletes whose training experiences with their most skilful events were shorter than their less skilful events, this duration was accepted as their training experiences. For other athletes, all of their training experiences were defined as their training experiences with their most skilful events (three athletes). Third, for athletes who participated in items being neither their most skilful nor least skilful event, their training experiences were defined by the longest experience among the events (two athletes).



STATISTICAL ANALYSIS

In the data preprocessing, missing data were first checked in both groups and replaced by the mean value of the group. Then, a test of normality by skewness and kurtosis with a p-level of 0.05 was conducted on all demographic data, including age, training experience (years), height, body mass index (BMI), and scores of all measurement instruments, including the EPQ-RSC, STAI, and CSAI-2, at each time point. Next, outliers were processed first by the results of the boxplot if the value was more than 1.5 standard deviations (SDs) from the mean; second, suspected outliers were confirmed by the Dixon Q test (Dixon test or Q test) (Dixon, 1953) (if the data were normally distributed) or the Peirce method (Peirce, 1852) (if the data were not normally distributed). For the Q test, the steps were as follows. First, values were arranged in a sequence from high to low; second, the Q value of the data for the group was calculated according to the formula:
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Third, referring to the Q table, the cut-off Q value was obtained using two indexes, namely, the number of participants in the group and the confidence level (such as 90%, 98%, and 99%), to judge whether a suspected outlier was accepted as an outlier by comparing the differences between the calculated and the cut-off Q values. If the calculated Q value was less than the cut-off Q value from the Q table (this study set a 99% confidence level with a p-level of 0.005), the suspect data point was classified as a normal value; if not, the suspect data point was classified as an outlier. For the Peirce method, the steps were as follows. First, the mean and SD of the group with the suspected outliers were calculated. Second, referring to Peirce’s table for R (Ross, 2003), the cut-off R value was obtained through two indexes, namely, the group sample size and the number of suspected outliers. Third, the maximum allowable deviation (MAD = |xi – xm|max = SD * R) was calculated. Fourth, the actual deviation (Devact = |xi – xm|) was calculated, which was the absolute value of the difference between the suspected outlier and the mean of its group. Finally, the two deviations were compared. The suspected outliers were classified as normal values if Devact was less than MAD; if not, they were classified as outliers. Through the Peirce method, one outlier from the training experience data set and one outlier from the cognitive anxiety of the CSAI-2 data set at baseline in the experimental group were confirmed as outliers and respectively replaced by the means of the group.

To compare group differences at baseline, Fisher’s exact tests and independent t tests were applied. Because of the insufficient sample size (the expected frequency of women in the control group was less than 5), Fisher’s exact test was applied to compare the differences in gender distribution between two groups. The differences in age, BMI, training experience, EPQ-RSC subscale and total scores, and STAI subscale and total scores between the two groups were compared through independent t tests, which were also applied to compare the differences in CSAI-2 scores between the two groups at baseline and at the time points one, two, three, and four weeks after the initiation of the intervention. Because the sample size was less than 20, Hedges’ g was used to calculate the effect sizes. Wang et al. (2010) introduced different ranges of Hedges’ g in relation to clinical effects: 0–0.19: negligible effect, 0.20–0.49: small effect, 0.50–0.79: moderate effect, ≥ 0.80: large effect. Hedges’ g was calculated as follows:
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As there were no significant differences between the two groups in demographic data, including gender, age, BMI, training experience, and factors that might impact state anxiety, including EPQ total and subscale scores and STAI total and subscale scores, repeated-measures ANOVA without covariates was applied to detect changes at each time point for each dimension of the CSAI-2, the changes in each dimension score of the CSAI-2 over time, the differences between two groups, and the interactive effect of time and group. Fisher’s exact tests and independent t tests were carried out in SPSS 21.0, and repeated-measures ANOVA was processed in GraphPad Prism 8.0.

To examine whether the PRT intervention had an effect on sports performance, the results of whether individuals reached their best records were taken as the dependent variables, while participation in the intervention was taken as the fixed independent variable to form logistic regression models to investigate the predictive effect of PRT on sports performance. Logistic regression analysis was processed in GraphPad Prism 8.0.



RESULTS


Basic Information of Participants

Fisher’s exact test showed that there was no significant difference in gender distribution between the two groups, p > 0.05.

Independent tests showed that there were no significant differences between the two groups in age, t = −0.276, p = 0.785, Hedges’ g = 0, 95% CI [−1.307, 1.000]; BMI, t = 0.117, p = 0.909, Hedges’ g = 0.1, 95% CI [−1.552, 1.726]; training experience, t = 0.311, p = 0.758, Hedges’ g = 0.13, 95% CI [−1.491, 2.018]; EPQ-RSC P subscale, t = −0.775, p = 0.446, Hedges’ g = 0, 95% CI [−1.89, 0.861]; E subscale, t = 0.059, p = 0.953, Hedges’ g = 0, 95% CI [−1.943, 2.057]; N subscale, t = −0.73, p = 0.473, Hedges’ g = 0.3, 95% CI [−3.676, 1.762]; L subscale, t = 1.04, p = 0.31, Hedges’ g = 0.4, 95% CI [−1.107, 3.336]; the total scores of the EPQ-RSC, t = −0.067, p = 0.947, Hedges’ g = 0.03, 95% CI [−3.212, 3.012]; S-AI, t = −0.571, p = 0.574, Hedges’ g = 0.24, 95% CI [−13.965, 7.936]; T-AI, t = −0.822, p = 0.42, Hedges’ g = 0.34, 95% CI [−12.889, 5.575]; STAI-T, t = −0.702, p = 0.49, Hedges’ g = 0.29, 95% CI [−26.393, 13.050]; CSAI-2 somatic state anxiety, t = 0.025, p = 0.981, Hedges’ g = 0.01, 95% CI [−4.777, 4.891]; cognitive state anxiety, t = 1.229, p = 0.232, Hedges’ g = 0.50, 95% CI [−1.812, 7.082]; state self-confidence, t = 1.585, p = 0.127, Hedges’ g = 0.64, 95% CI [−0.912, 6.826].

The basic information of the participants and the differences at baseline between the two groups on the EPQ-RSC, STAI, and CSAI-2 subscales are shown in Table 1.


TABLE 1. Basic information of participants (Baseline, M ± SD).
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Comparison of CSAI-2 Subscale Scores Between the Two Groups at Each Time Point


Comparison of Somatic Anxiety at Each Time Point

Regarding somatic anxiety, repeated-measures ANOVA showed that the main effects of time, group, and the interactive effect of time × group were not significant, p > 0.05 (see Figure 2). Regarding between-group comparisons at different time points, there were no significant differences at baseline (see section “Basic Information of Participants”); 1 week, t = 0.529, p = 0.602, Hedges’ g = 0.22, 95% CI [−4.339, 7.311]; 2 weeks, t = −0.17, p = 0.866, Hedges’ g = 0.07, 95% CI [−5.833, 4.947]; 3 weeks, t = −0.661, p = 0.516, Hedges’ g = 0.28, 95% CI [−7.333, 3.790], and 4 weeks, t = 0.203, p = 0.841, Hedges’ g = 0.09, 95% CI [−5.408, 6.579] after the initiation of the intervention (see Table 2 and Figure 2).
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FIGURE 2. Comparison of somatic anxiety at each time point between groups.



TABLE 2. Differences in CSAI-2 subscale scores at each time point between the two groups (M ± SD).
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Comparison of Cognitive Anxiety at Each Time Point

Regarding cognitive anxiety, repeated-measures ANOVA showed that the main effects of time, group, and the interactive effect of time × group were not significant,p > 0.05 (see Figure 3). Regarding between-group comparisons at different time points, there were no significant differences at baseline (see section “Basic Information of Participants”); 1 week, t = −0.962, p = 0.346, Hedges’ g = 0.4, 95% CI [−8.473, 3.101]; 2 weeks, t = −0.439, p = 0.665, Hedges’ g = 0.18, 95% CI [−6.871, 4.471]; 3 weeks, t = −0.972, p = 0.342, Hedges’ g = 0.4, 95% CI [−9.043, 3.272], and 4 weeks, t = −0.684, p = 0.501, Hedges’ g = 0.29, 95% CI [−7.663, 3.863] after the initiation of the intervention (see Table 2 and Figure 3).
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FIGURE 3. Comparison of cognitive anxiety at each time point between groups.




Comparison of State Self-Confidence at Each Time Point

Regarding state self-confidence, repeated-measures ANOVA showed that the main effects of time and the interactive effect of time × group were not significant,p > 0.05 (see Figure 4). The main effect of group was significant, F(1,22) = 6.134, p = 0.021. Regarding between-group comparisons at each time point, there were no significant differences at baseline (see section “Basic Information of Participants”); 3 weeks, t = 1.552, p = 0.135, Hedges’ g = 0.6, 95% CI [−1.124, 7.810]; 4 weeks, t = 1.628, p = 0.118, Hedges’ g = 0.65, 95% CI [−0.940, 7.797] after the intervention. There were significant differences at 1 week, t = 2.102, p = 0.047, Hedges’ g = 0.8, 95% CI [0.050, 7.521] and 2 weeks, t = 2.515, p = 0.027, Hedges’ g = 1, 95% CI [0.649, 8.979] after initiation of the intervention (see Table 2 and Figure 4).
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FIGURE 4. Comparison of self-confidence at each time point between groups.




Effect of PRT on Sports Performance—Logistic Regression Analysis


Inclusion of Variables

The participants were categorized into two groups based on the criterion of reaching one’s best record or not. Demographic factors and subscale and total scores on the EPQ-RSC and STAI were compared between groups. Before the comparison was made, normality of the distributions was tested for all indexes (except gender) in the two groups. Meanwhile, suspected outliers were detected. For suspected outliers in the group with data that were normally distributed, Dixon’s Q test (Dixon, 1953) was applied to define the outliers. If the data were not normally distributed, Peirce’s method (Peirce, 1852) was applied. One outlier among the BMI data was defined in the best-record athlete group; one outlier among the P subscores and one among the E subscores on the EPQ-RSC were defined in the other group, and all were replaced by the means of their groups. Normality of the distribution was again tested, and all indexes for the two groups were normally distributed.

Independent t tests were applied for the group difference comparison of all indexes (except gender), and Fisher’s exact test was applied in the group difference comparison of gender (see Table 3 for all results). According to the suggestion of Hosmer, Lemeshow, and Sturdivant (Hosmer et al., 2013), p < 0.20 (0.25) was taken as the criterion of the t test, BMI (X2) was then included, together with “intervention (X1)” as variables for the multiple logistic regression analysis to predict whether the participants will reach their best records in the competition. Meanwhile, in consideration of the possibility of an interaction effect between BMI and intervention, BMI × intervention (X3) was included in the regression model; therefore, a model with three factors was set as Model 1: Y1 = B0 + B1X1 + B2X2 + B3X3. Excluding the interaction effect, the logistic regression model was set as Model 2: Y2 = B0 + B1X1 + B2X2. With the subsequent exclusion of the effect of BMI (X2), a more concise model was set as Model 3: Y3 = B0 + B1X1.


TABLE 3. Index comparisons between groups defined by reaching best record (M ± SD).
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Model Building and Comparative Analysis of Different Models

Different notation was taken to indicate whether one’s best record was reached (“1” for “yes” and “0” for “no”). Based on the data from the two groups for all variables (X1, X2, X3), three logistic regression models were built, and the likelihood ratio test (LRT) was applied to evaluate the goodness-of-fit between the models and data. The parameters for each model are listed in Table 4. Three models were built as Y1 = −4.46 - 31.19X1 + 0.14X2 + 1.55X3, Y2 = −14.8 + 1.88X1 + 0.61X2, and Y3 = −1.39 + 1.39X1. The criterion for a significant test of the parameters in the three models was set as a one-sided p < 0.10 (0.05) as a significant (very significant) difference (Table 4). Three aspects were considered in the criterion definition: first, the two groups all contained small samples; second, this study was a pilot study to investigate the direction/sign of the effect in applying PRT among collegiate students; and third, to avoid type III errors, it was inferred that the direction of an effect was the same as the observed direction.


TABLE 4. Logistic regression models of PRT in predicting sports performance.
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As the parameter to evaluate goodness-of-fit for the models, area under the receiver operating characteristic curve (AUC) was linked to the discriminative ability of the models to the predicted results. According to the suggestion of Hosmer et al. (2013), 0.8 ≤ AUC < 0.9 represents excellent discrimination; 0.7 < AUC < 0.8 represents acceptable discrimination; the AUCs of Model 1 and Model 2 discriminated whether the participants reached their best records, Model 1: AUC = 0.82, SE = 0.09, 95% CI [0.65, 0.99], P = 0.009; Model 2: AUC = 0.77, SE = 0.10, 95% CI [0.57, 0.97], P = 0.03. However, Hosmer et al. (2013) consider 0.5 < AUC < 0.7 as poor discrimination, while Model 3: AUC = 0.66, SE = 0.12, 95% CI [0.43, 0.88], P = 0.21. Therefore, we made comparisons between Model 1 and Model 3 as well as between Model 2 and Model 3. It indicated that Model 3 was the better model to fit the data. In the two comparisons, as the three models are nested models, the LRT was applied to define the better model. The LRT statistic = [Deviance (simpler model) - Deviance (more complex model)], which indicates how much smaller the deviance is for the more complex model. The value of this statistic is used to calculate a p-value. A small p-value (p < 0.05) suggests rejecting the null hypothesis, which indicates that the simpler model is correct. In the comparison between Model 2 and Model 3, the LRT statistic was 2.51 (p = 0.11, >0.05); in the comparison between Model 1 and Model 3, the LRT statistic was 5.44 (p = 0.07, >0.05), all indicate the acceptance of the simpler model. Therefore, the more concise Model 3 was better than Model 1 and Model 2.


Analysis of the Effects of the Intervention on Sports Performance

Analysis of Model 3 indicated the following. First, it fits best with the data. Second, the “predicted-observed” figure (Figure 5) based on it indicates that the predictive results were different for the participants with or without PRT intervention. Combined with the results of the classification table (Table 5), which was matched with the “predicted-observed” figure, it shows that, for the participants without PRT intervention, the predictive ratios of whether they would or would not reach their best records in the competition were nearly equivalent (47.67%:53.33%); however, for the participants with the PRT intervention, the predictive ratio of whether they would reach their best records in the competition was 77.78%. In summary, Model 3 demonstrated the “right” predictive ratio of sports performance at 62.5%. To conclude, Model 3 fits best with the data, showing a predictive ratio of 77.78% that the participants with the PRT intervention would reach their best records in the competition. The results from the logistic regression analysis reflect the positive effect of PRT on sports performance.
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FIGURE 5. Comparsion of predicted probability between classifications.



TABLE 5. Classification Table of “Predicted-Observed” Results from Model 3.
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DISCUSSION

In this study, PRT with strong maneuverability, convenience, and ease of implementation was applied to intervene in the precompetition anxiety of track and field collegiate student athletes. Through a week-by-week intervention during the one month preparatory period before the competition with measurements at one time point before the intervention, three time points during the intervention, and one time point after the competition (with results tracing back to precompetition), we compared the differences in the scores on the state anxiety subscales of the CSAI-2 between the experimental and control groups. Significant group differences in state self-confidence one and two weeks after initiation of the PRT intervention were found. Through logistical regression analysis, PRT showed a positive effect on the performance of collegiate track and field athletes. This study is not only an innovative demonstration of the effects of PRT as an intervention for precompetition anxiety and enhanced sports performance but also provides longitudinal changes in precompetition anxiety under different conditions. Practically, this study is an initial exploration of an effective, simple, and easy-to-conduct measurement that enhances the mental health and sports performance of collegiate student athletes.

Individual factors have significant effects on anxiety. When considering their related effects, personality is considered first. Both three- and five-factor personality models include neurotic traits, which are closely related to mental health, physical health, and quality of life (Lahey, 2009); these traits affect the cognitive and physiological responses of athletes during competition (Balyan et al., 2016) and predict negative mental health results together with serotonin transporter gene polymorphism and competition pressure (Petito et al., 2016). When applied in the discussion of specific events, Dal et al. (2018) reported that neuroticism regulates the prediction of somatic anxiety on the activity of the sympathetic nervous system before and during archery competition. Through applying the three-factor EPQ-RSC, this study found that there was no significant difference between the two groups in different dimensions (including neuroticism) of personality, which provided a basis for the follow-up study examining the effect of the intervention. In addition to personality factors, trait anxiety is another important factor affecting the generation of anxiety as well as sports performance. Individuals with higher trait anxiety were more likely to experience increased state anxiety under stressful conditions, which in turn affected their target performance (Horikawa and Yagi, 2012). As trait anxiety impairs sports performance, applying an intervention before or during competition will be beneficial and result in good performance (Judge et al., 2016). In this study, there were no significant differences in trait anxiety scores measured across dimensions of the STAI between the two groups at baseline, which also laid a foundation for the follow-up examination of the effects of the intervention.

From the comparison of each dimension of the CSAI-2 at all time points, state self-confidence showed a significant between-group difference at one and two weeks after initiation of the intervention (p < 0.05). There were no significant between-group differences at any time point in the other two dimensions. Therefore, we suggest that PRT may have a positive effect on the self-confidence of collegiate track and field athletes. However, this effect did not continue through the end of the intervention. As shown in Figure 4, self-confidence in the experimental group showed a rapid decline from two to three weeks after initiation of the intervention, while it remained constant over the same time period in the control group. Moreover, comparing baseline values with those from three weeks after initiation of the intervention, there was only a slight increase (mean value from 22.86 to 23.14) in self-confidence in the experimental group, while these values remained unchanged (both 20.09) in the control group. Since three weeks after initiation of the intervention was in the late phase of the preparation as there was only one week left for the competition, and although somatic anxiety and cognitive anxiety in the experimental group at this phase continued to decline (refer to Figures 2, 3, respectively), the athletes continued to face high levels of competition pressure. For young collegiate athletes with poorer performances and a relative lack of competitive experience, although the PRT intervention continued to be applied, their state self-confidence did not continuously increase or remain unchanged. However, as self-confidence in the experimental group at three weeks after initiation of the intervention was still slightly higher than the baseline, combined with the changing trend in the previous three time points, the trend of PRT in decreasing precompetition anxiety through enhancing self-confidence among collegiate athletes was clear.

Along with this trend of PRT on self-confidence, this study also found that PRT showed a positive effect on sports performance defined by reaching one’s best records, suggesting that PRT may improve sports performance of collegiate track and field athletes. Consistent with Keilani et al. (2016), who found that different psychological techniques can reduce depressive symptoms in professional athletes and improve their psychological skills and the ability to cope with stress, psychological techniques (such as PRT) are effective in enhancing sports performance. We have discussed the positive effects of PRT on the self-confidence aspect of state anxiety. Although this study did not investigate the effect of changes in state anxiety (self-confidence) on performance, many supportive findings have been provided by previous studies. For example, Mabweazara et al. (2016) found that precompetition state anxiety of high school swimming athletes significantly predicted their performance. Craft et al. (2003) reported that the self-confidence aspect of state anxiety evaluated by the CSAI-2 showed the strongest and most consistent relationship with performance, while the relationship between other dimensions and performance was weak. Tsopani et al. (2011) found that state self-confidence was the only factor that significantly predicted performance among rhythmic athletes, suggesting that strategies with the effect of improving self-confidence should be adopted to enhance performance. Modroño and Guillen (2011) found that athletes with better overall rankings demonstrated lower somatic anxiety, and the top five athletes showed higher self-confidence, suggesting that athletes with better performance may have lower anxiety and higher self-confidence. A study with women volleyball players found that there was a significant correlation between state self-confidence and performance, and athletes with higher self-confidence may show better performance (Zenebe et al., 2016). Research with elite female track and field athletes found that high levels of self-confidence helped in reducing precompetition cognitive anxiety and somatic anxiety, and state self-confidence was the key factor in achieving excellent results (Munoz et al., 2017). Therefore, further investigations are suggested to explore the role of changes in state self-confidence as a contributor to the effect of PRT on sports performance.

Although there were no significant between-group differences in somatic and cognitive anxiety at each time point, the changing trend of the two dimensions at each time point between the two groups was obviously the opposite. For somatic anxiety, the changing trend from one to three weeks after initiation of the intervention between the two groups was obviously opposite. The experimental group showed a continuous downward trend from baseline to three weeks after initiation of the intervention, and the lowest score at three weeks after initiation of the intervention was lower by nearly 3 SDs (from the baseline mean of 21.36, SD of 6.01, to a mean of 17.43, SD of 5.03 at three weeks after initiation of the intervention), while the scores in the control group went from 20.36 to 19.36 over the same period. Regarding cognitive anxiety, the changing trend from baseline to three weeks after initiation of the intervention between the two groups was also different. The experimental group changed from 23.24 to 18.21, representing a difference of more than 2 SDs. The control group showed a slight increase from 19.91 to 21.45. Therefore, although there was no significant between-group difference at each time point of the intervention in somatic and cognitive anxiety, the positive effect of PRT on the two measures was also obvious. Further comparisons of the changing trends in the two groups for these two dimensions from the end of the intervention to 1 hr before the competition time point showed an opposite changing trend; for the experimental group, there was an upward trend, while the control group remained unchanged. Thus, the potential benefits of PRT in decreasing somatic and cognitive state anxiety of collegiate student athletes are highly suggested.

Overall, regarding the changes in the three dimensions of the CSAI-2 from baseline (time point “0” in Figures 2–4) to the last time point of the intervention (time point “3” in Figures 2–4), the changing trends in the two groups were different. In the experimental group, somatic anxiety continuously decreased, whereas cognitive anxiety decreased gradually. State self-confidence showed a gradual increasing trend at all time points with the exception of the final time point during the intervention, which showed a decreasing trend. In the control group, somatic anxiety showed a rapid decrease and then continued to increase, cognitive anxiety showed a slow increase and then decreased, and state self-confidence showed a slow decrease and then a trend of recovering and maintaining. From the end of the intervention to the precompetition time point, the somatic anxiety of the experimental group showed a trend of a rapid increase, while the cognitive anxiety showed a slow increase, and the state self-confidence remained unchanged. The somatic and cognitive anxiety of the control group remained unchanged, whereas state self-confidence slightly declined. Overall, with the exception of the change from baseline to one week after initiation of the intervention, the changing trend in the two groups for somatic anxiety was opposite, and the changing trend in the two groups for state self-confidence was only the same from one to two weeks after initiation of the intervention, but opposite for all other time points and all time points of cognitive anxiety. Therefore, this study also provided a detailed description of the longitudinal changes over time (Badami et al., 2012) for the different dimensions of precompetition state anxiety not only in the undisturbed control state but also in the PRT intervention state, which provides a vivid picture for collegiate athletes, coaches, and administrators to consult in their management of athletic training, mental health, and sports performance.

Results from this study are suggested to be with limited application in the psychological intervention among professional teams. As the research question was from the training practice of collegiate student athletes, and all participants are undergraduate students at the major of physical education. Also, as an initial investigation, small, unequal sample size and unparalleled gender were applied, which might be factors affecting the results. Therefore, caution should be taken when thinking of applying the conclusions, even among collegiate student athletes. On the contrary, no significant results concluded in this study do not mean their invalidity in the athletic training practice.

Regarding the lack of sports medicine services, as well as professional psychological consultants in collegiate sports teams, this study investigated whether easy and convenient PRT is an effective method to intervene in precompetition anxiety and enhance sports performance. PRT was found to have a positive effect on self-confidence and sports performance improvements; meanwhile, its potential benefits in decreasing somatic and cognitive state anxiety of collegiate student athletes were highly suggested. In summary, this study provides a reference for collegiate athletes, coaches, and administrators to consult in their management of athletic training, mental health, and sports performance.
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