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Abstract:
Aim:

Knowledge (PDK) on this relationship among athletes.

Methods:

Results:

anxiety.

Conclusion:

future research.

The study aimed to investigate the relationship between neuroticism and sports anxiety and the mediating effect of the Principles for Deep

130 athletes (males = 81, females = 49) actively competing in 16 sports teams completed three tests: the 12-item Neuroticism sub-scale of the NEO
Personality Inventory, the PDK Survey, and the Sport Competition Anxiety Test.

The results revealed neuroticism to be significantly correlated to sports anxiety, especially in female athletes, and females have been found to have
a higher tendency toward neuroticism. Furthermore, mediating analyses demonstrated the mediating role of PDK in linking neuroticism and sports

This study has concluded five PDK Alternating, Contrasting and Complementing, Changing and Transforming, Contradiction, and Void as better
approaches to assist female athletes with high neuroticism in reducing sports anxiety. These five principles can be developed as five training
approaches to avoid attitudes indicative of neuroticism and as potential coping strategies. These propositions can be developed into an outline for
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1. INTRODUCTION and competitive anxiety [4]. Thus, it is essential to find a

Persons with high neuroticism scores tend to have negative
emotions and higher stress levels [1]. Previous studies have
found that neuroticism is strongly associated with a propensity
to experience negative emotions [2] and indirectly affects
human performance, for instance, sports performance [3].
Athletes with a higher level of neuroticism are more likely to
experience negative affect and sports anxiety, and these
negative emotions can affect performance [4]. In addition, a
recent study showed a strong correlation between neuroticism
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coping strategy to reduce sports anxiety among athletes with
neuroticism.

Furthermore, Lin et al. [5] proposed one behavioral factor
named Principles for Deep Knowledge (PDK) that indirectly
affects sports anxiety and performance. They examined 194
athletes and found that athletes who had higher levels of sports
performance had higher use of mental skills and thus higher
scores on PDK; in addition, PDK had shown positive
correlations with mental skills and negative correlations with
sports anxiety. An earlier study by Lin et al. [6] indicated
females to have higher tendencies toward the principles of
Contrasting and Complementing and Cracking and Ripping,
and also found positive correlations between exercising habit
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and the principles of Alternating, Changing and Transforming,
and Void. They concluded that the survey of PDKs is a
psychometric property. PDKs have been identified by habitual
domain (HD) and are one of three practical tools for expanding
an individual’s HD [7 - 11]. HD is defined as each person’s
collection of ideas and actions, including thinking, memory,
judging, and reacting, for handling situations or problems over
a lifetime [12 - 14]. This collection gradually becomes stable
within a certain domain over time, and people have habitual
ways of thinking, doing actions, judging, reacting, and
behaving. Previous literature has demonstrated that various
methods can assist in expanding a person’s HD, including the
nine PDKs. The nine principles include The Deep and Down,
The Alternating, The Contrasting and Complementing, The
Revolving and Cycling, The Inner Connection, the Changing,
The Contradiction, The Cracking and Ripping, and The Void.
The Deep and Down principle implies going deeply down by
lowering the charge structures for the minds to empty any
irrelevant thoughts and obtain useful information at the same
time [5, 7]. The Alternating principle involves the awareness to
remove or add subsets of assumptions in one’s mind and
alternating and combining these assumptions [5, 7]. The
Contrasting and Complementing principle is the perception of
duality, such as existent/nonexistent, known/unknown,
good/bad, male/female, and so forth [5, 7]. The Revolving and
Cycling principle is to realize that the life cycle moves up and
down; each success is constructed from the elements of
failures, and likewise, each failure involves the elements of
success [5, 7]. The Inner Connection principle builds as many
strong connections as possible to the inner core of others [5, 7].
People with an attitude toward the Changing principle are
willing to accept any changes to follow the constantly changing
world [5, 7]. The Contradiction principle encourages people to
look at things from various perspectives and to re-assess any
conclusions [5, 7]. The Cracking and Ripping principle is used
to identify cracks that consist of old fears, conflicts, or negative
attitudes that hinder personal development [5, 7]. People repeat
the same set of concepts and procedures named the same HDs
to deal with daily life; however, they can not respond
effectively when a situation occurs outside of the same HDs.
Thus, the Void principle states that the outside of the same
HDs is not void, and it can expand HDs by emptying some of
the existing HDs and absorbing new HDs into the space [5, 7].
Scholars [7 - 10, 12 - 15] proposed a complete description of
how these nine PDKs have enriched people’s HD. In a broad
sense, the PDKs represent attitudes, which serve as general
enduring behavioral tendencies in particular conditions [7],
such as learning [6] and training. The PDKs can be the thinking
procedures and attitudes used to understand neuroticism’s HD
to expand HDs, which leads neuroticisms to avoid any
physiological, physical, and psychological symptoms and
behaviors related to neuroticism traits [7, 15].

As Yu’s team [7, 9, 10, 15] mentioned, most people are not
aware of their own habitual domains and their assessment is of
great importance; therefore, the PDKs were introduced as
attitudes. These attitudes can produce better assessments to
understand and expand peoples’ habitual domains. For
example, in athletes with neuroticism, the resulting higher
levels of sports anxiety might be caused by the unawareness of
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any physiological, physical, and psychological symptoms and
behaviors related to neuroticism traits. The process of
obtaining or creating positive ideas and attitudes for relieving
anxiety is a significant function of PDKs. Lin et al. [5] found
positive correlations between PDKs and exercise. Further
studies [16] have reported PDKs to significantly impact mental
skills and concluded that PDKs represent one practical
approach to improve and expand athletes’ ability to develop
decision-making styles in order to reduce anxiety. However,
the impact of PDK on the association between neuroticism and
sports anxiety is unknown. Therefore, this study aimed to
determine whether the association between neuroticism and
sports anxiety can be mediated by PDKs.

2. MATERIALS AND METHODS

2.1. Participants and Procedure

The participants were 130 athletes (age M = 20.08, SD =
2.27; training years M = 7.43, SD 3.32) competing in 16
different team and individual sports from the National
Changhua University of Education located in the center area of
Taiwan, either on national or international levels. The
participants included 81 males (age M = 20.19, SD = 2.44;
training years M = 7.03, SD = 3.33) and 49 females (age M =
19.90, SD = 1.98; training years M = 8.08, SD = 3.23). During
the competition season from the beginning of March to the end
of July 2022, participants completed the questionnaire
individually or in small groups of 5-20 athletes while being
away from their competitions and training fields. Most of them
took the questionnaire during classes on campus. Participants
were given an introduction to the study and their informed
consent was obtained to complete the questionnaire without
reimbursement. All participants were treated in accordance
with APA ethical standards.

2.2. Measures

Personality. Trait neuroticism was assessed with the 12-
item Neuroticism sub-scale of the NEO-Five Factor Inventory
(NEO-FFI) [17, 18]. In this study, the values of factor loading
ranged from .31 to .65, and Cronbach’s a was .68 for females,
.62 for males, and .66 for the whole sample.

Principles for Deep Knowledge. The feature of deep
knowledge was measured with the 45-item Principles for Deep
Knowledge Survey (PDKS). Lin et al. [5] initially developed
the PDKS, and the items have been rephrased to reflect the
general features of the nine PDK of the habitual domain. The
reliability and validity of the PDKS have been confirmed, and
a previous study indicated that it is an appropriate instrument to
measure individual differences in the features of deep
knowledge [6]. In the current study, the values of factor
loading ranged from .35 to .75, and Cronbach’s o ranged from
.51 to .84, with a value of .93 for the whole PDKS.

Sports anxiety. The Sports Competition Anxiety Test
(SCAT), developed by Martens [18], was used to measure
competitive anxiety. The SCAT consists of 15 items that are
scored on a 3-point scale. In the current study, the values of
factor loading ranged from .31 to .78, and Cronbach’s o was
.63 for females, .66 for males, and .83 for the whole sample.
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2.3. Data Analysis

The statistical analyses were performed with SPSS 20.0.
Exploratory factor analysis was used to examine the factor
structures, and internal consistency was used to test the
reliabilities. Descriptive statistics (means and standard
deviations) for all measures were calculated. Pearson product-
moment correlations were computed between four variables.
Bootstrapping analysis technique was used to assess the
mediating effect.

3. RESULTS

3.1. Inter-correlations and Gender Differences

Results of correlation analyses showed neuroticism as
significantly correlated with sports anxiety in all participants (r
=.25, p =.004), while none of the intercorrelations with PDKS
were significant. Three of the nine principles measured with
the PDKS had significant positive correlations with sport
anxiety and consisted of the Principle of Revolving and
Cycling (r = .18, p = .04), the Principle of Inner Connection (r
=.19, p =.03), and the Principle of Cracking and Ripping (r =
21, p = .02). We further found a significant difference in
neuroticism between males and females (t = -3.11, p = .002;
Mf = 3.11 £ 0.57, Mm = 2.79 + 0.57), with females having
higher scores than males. Hence, the data for each gender were
tested separately.

None of the intercorrelations for male athletes reached the
level of significance. However, for female athletes, the results
indicated neuroticism to be significantly correlated with sports
anxiety (r = .34, p = .02), and with two principles of the PDK,
including the Principle of Revolving and Cycling (r = .29, p =
.04) and the Principle of Inner Connection (r = .31, p = .03).
Finally, a positive significant correlation was found between
the Principle of Deep and Down and sports anxiety (r = .34, p =
.02).

3.2. Mediation Analysis

In order to assess whether PDKs mediate the relationship
between neuroticism and sports anxiety, bootstrapping analysis
techniques with bias-corrected (BC) confidence estimates and a
95% confidence interval (CI) of the indirect effects were
performed with 5000 bootstrap samples [19]. In the current
study, the mediation model consisted of the following
components: neuroticism was the independent variable, PDKs
were introduced as the mediator variable, and sports anxiety
was the dependent variable. The results indicated the total
effect of neuroticism to be significant for sports anxiety ( =
18, t = 2.28, p = .03); however, the direct impact of
neuroticism on sports anxiety became nonsignificant when
PDK was the mediator variable [ = .02, BCa 95% CI (-.01,
.10)].

4. DISCUSSION

The current results agree with previous findings on the
association between neuroticism and sports anxiety [4], and
confirm the distinct effects of gender, with female athletes
showing higher levels of neuroticism [3]. The analyses further
found a significant correlation between neuroticism and sports
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anxiety in female athletes. In addition, PDK mediated between
neuroticism and sports anxiety in female athletes. Thus, this
study adds to the extensive literature on the construct of sports
anxiety by identifying variables, such as PDK, that mediate the
relationship between sports anxiety and neuroticism in a
sample of college athletes, particularly female athletes. We
suggest that the five principles, including Alternating,
Contrasting and Complementing, Changing and Transforming,
Contradiction, and Void should be considered as coping tools
to reduce sports anxiety in female athletes who tend towards
neuroticism. For instance, an athlete might have perceived
previous training demands from the coach as challenging.
However, after receiving helpful tips, the athlete will likely
make significant improvements using the Alternating principle.
According to the principle of Changing and Transforming,
athletes willing to change have a better chance of achieving
higher goals. A typical example of Cracking and Ripping is a
coach’s understanding that the fear of trying a novel approach
or takeoff technique can be a distinct crack that can lower the
self-confidence of a long jumper. Finally, as Yu [16]
mentioned, the Void principle is a very enthusiastic attitude to
expand HDs continuously, and the Void becomes even more
critical. Female athletes with neuroticism are more anxious and
are negatively associated with muscle strength [20]. The Void
can help female athletes identify and decrease the six facet-
level traits of anxiety, anger, hostility, depression, self-
consciousness, impulsiveness, and vulnerability. With this
principle, HDs of others, such as the mental skills of goal
setting, automaticity, emotional control, relaxation, and
positive thinking, can enter these female athletes’ minds more
quickly and truthfully to reduce sports anxiety [5] and to
improve muscle strength. Consequently, these five principles
can be developed as five training approaches to avoid attitudes
indicative of neuroticism and as potential coping strategies.
These propositions can be developed into an outline for future
research.

CONCLUSION

Our current study, however, possesses some limitations.
First, the sample was a small group of collegial student
athletes; thus, our findings might not extend to other groups or
the general population. Second, the cross-sectional design
precludes making inferences on the potential impact of
neuroticism on sports anxiety. Such causal associations should
be examined in a longitudinal study. Further research is
especially needed to determine how PDKs affect athletes with
neuroticism to reduce sports anxiety and to develop assessment
regarding the use of PDK strategies.
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