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Cultivation and Regression Analysis of Children's Mental Toughness
under the Intervention of Sports Perseverance Mechanism
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Abstract

With the rise of exercise psychology, society emphasizes the physical and psychological health of children and adolescents.
If sports intervention is performed regularly, children and adolescents will develop a more resilient mindset, greater self-
assurance, and a greater tolerance for setbacks. However, the relevant research lacks quantitative analysis and fails to
investigate the mediation effect of the mechanism underlying sports perseverance. Consequently, this research investigates
the cultivation and regression analysis of children's mental toughness under the sports perseverance mechanism. First, a
model was developed to examine the sports perseverance intervention aimed at improving the mental toughness of
youngsters. Next, a multi-factor cointegration test was conducted on the time series of the measured values of children's
mental toughness in response to sports perseverance. In addition, the error correction model and the breakpoint regression
model were developed to identify the instances in which the time series diverge from the equilibrium state and return to
normal. Experiments were conducted to get the test results of the presented models, which demonstrate their efficacy.
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1. Introduction

Children and youth are the future builders and inheritors
of the country. Their physical and mental well-being has
increased societal interest (Fergeus et al., 2017; Hankala et
al., 2017; Liu, 2021; Turner et al, 2021). With the
development of exercise psychology, repeated domestic
and international studies have confirmed that physical
activity may sustain mental health and progressively alter
our mental state (Kushwaha & Hajare, 2021; Li & Liu,
2012; Liu, 2014; Palit & Chatterjee, 2006; Wang, Song, &
Qin, 2017; Zhang, 2020; Zhang et al, 2021). Mental
resilience under adversity is characterized by mental
elasticity, strength, and regenerative capacity (Cai & Jin,
2021; Gao, Qiao, & Mei, 2019; Puswiartika & Gatot, 2020;
ShojaeitMiandoragh, Bijani, & Abbasi, 2020). Despite the
pressure of competitive sports, mentally tough athletes can
maintain high confidence, focus, and motivation levels. If
sports intervention is performed regularly, children and
adolescents will develop a more resilient mindset, greater
self-assurance, and a greater tolerance for setbacks.

Psychological measures are widely studied domestically
and internationally. Xu, Wu, and Zhu (2021) investigated
the association between students' mental flexibility,
emotional equilibrium, and mental health during the
COVID-19 outbreak. In particular, 512 students were
polled using a self-designed questionnaire, the Connor-
Davidson Resilience Scale 10 (CD-RISC10), the agitated
behavior scale (ABS), and the Kessler Psychological
Distress Scale (K10). The results indicate that as the

pandemic lasted longer, the proportion of pupils with
negative emotions increased, and mental flexibility
decreased between the intermediate and upper levels.
Emotional balance and mental health belonged to the
middle level. After reviewing a large body of literature, it
was discovered that certain local and international experts
had conducted extensive research on mental toughness. To
boost the early mental health of children, Gabrielli et al.
(2018) devised an intervention strategy based on mental
resiliency, which included a family-oriented intelligent
counseling program. The intervention measure would be
validated by five large-scale pilot programs involving 6,000
families in Spain, Italy, Iceland, Denmark, and Poland. Yue
and Fangli (2018) observed and discussed the correlations
between college students' mental health, mental elasticity,
and stressful events.

Additionally, they administered a questionnaire survey to
320 college students using the college students' mental
elasticity scale, adolescents' stressful event scale, and
Symptom Checklist 90. The survey results reveal
significant relationships between mental health, mental
elasticity, and stressful experiences among college
students. Zahran et al. (2011) investigated the association
between natural disasters and mental health recovery,
established a measurable notion of anti-disaster capability
in mental health, and calculated the economic cost of the
mentally unwell days caused by natural disasters. The
results of experiments indicate that the ability to recover in
mental health is a two-dimensional term involving both
resistance and recovery time.
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Before conducting their research, the writers combed
through numerous literature databases, compiled a status
report of domestic and internationally relevant research,
and consulted pertinent books. It was revealed that current
research has qualitatively explored the relationship
between students' physical activity and their mental
toughness and well-being and has provided helpful
recommendations for enhancing students' mental
toughness. But relatively few researchers discussed sports
intervention, let alone conducted empirical research on
this topic. In light of this, this research aims to investigate
the cultivation and regression analysis of children's mental
toughness via the sports perseverance mechanism. The
second section examines the action mechanism of sports
perseverance intervention on children's mental toughness.
It establishes a model for analyzing the sports perseverance
intervention about children's mental toughness. The third
section conducts a multi-factor cointegration test on the
time series of the quantified values of children's mental
toughness under the intervention of sports perseverance,
constructs the error correction model and breakpoint
regression model, and identifies the moments that the time
series deviate from the equilibrium state and return to
normal. Experiments validated the viability of the

proposed models.

2. Modeling of the Intervention of Sports

Perseverance Mechanism

Long-term, consistent physical activity significantly
positively influences both physiological and mental health.
It reduces negative responses (such as anxiety and despair)
and increases happy responses (e.g., self-efficacy, health,
and energy). The mental health and mental toughness of
the youngsters who insist on engaging in physical activity
are directly proportional to the intensity of their physical
activity. Physical exercise can lead and cultivate youngsters
to improve their mental fortitude and enable them to avoid
mental issues (such as anxiety and depression) under an
intense academic load. Participation and persistence are
the keys to physical fitness. Through physical activity,
children's minds and spirits will be revitalized, initiating a
cycle of mental equilibrium, mental activation, cognitive
adjustment, and behavioral modification.

This section mainly analyzes the action mechanism of
sports perseverance intervention on children's mental
toughness and builds up the following analysis model for
sports perseverance intervention facing children's mental
toughness. Let C, be the variation of the mean function; M;
is the autoregressive integrated moving average (ARIMA)
model; {M,} be the original time series of the quantified

values of children's mental toughness without sports
perseverance intervention. Then, the general intervention
model {B;} can be expressed as:

6 o6 0 (1)
Suppose the time series is affected by sports perseverance
intervention at the moment @. Then, the time series {B,,
7<®} can be defined as the preintervention data of sports
perseverance and used to recognize the model for the basic
series {M,} without any intervention.

The step and pulse function can characterize the influence
of sports perseverance intervention over the mean
function of the quantified values of children's mental
toughness. If sports perseverance intervention causes a
permanent deviation of that function, then sports
perseverance intervention must have a long-lasting impact
on children's mental toughness. The following step
dummy variable can describe the variable of sports
perseverance intervention:
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Suppose sports perseverance intervention only occurs at
the moment ®, vanishes after one or several cycles, and
exerts a short-term effect on the mean function. In that
case, the impact of sports perseverance intervention lasts
shortly in one or several cycles. The following pulse
dummy variable can describe the variable of sports
perseverance intervention:
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According to the number of influencing cycles of sports
perseverance intervention, and its influence on the mean
function of the quantified values of children's mental
toughness, sports perseverance intervention can be divided
into four types:

(A) If there are many influencing cycles, the influence of
sports perseverance intervention over the mean function
can be considered permanent. Let ¢ be the permanent
change to the mean of the quantified values of children's
mental toughness induced by sports perseverance
intervention. Then, this type of sports perseverance
intervention can be modeled as follows:

6 %0° 4
Since ¢ is unknown, the changing intensity of the time
series' mean is unknown. If the influence of sports
perseverance intervention is delayed by r cycles, then this
type of sports perseverance intervention can be modeled as
follows:

6 %0’ (5)
(B) In real life, sports perseverance intervention does not
necessarily take effect immediately. In most cases, sports
perseverance intervention has a gradual and lasting impact
on children's mental toughness. Then, this type of sports
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perseverance intervention can be modeled as follows:

6 —Ofm 1 o (6)
(3) Sports perseverance intervention occurs suddenly and
vanishes after one or several cycles. In this case, it only affects
the mean function in a short time. Then, this type of sports
perseverance intervention can be modeled as follows:

5 %’ (7)
(4) Sports perseverance intervention occurs suddenly,
gradually weakens, and vanishes after one or several cycles.
In this case, it only has a short-term impact on the mean
function. Then, this type of sports perseverance
intervention can be modeled as follows:

6 —O0%hm 1 p (8)
The above types of sports perseverance intervention can be

combined into a complex model for the influence of sports
perseverance intervention on children's mental toughness:

6 —0®% —0° 9)
Or:
6 %0® —0?% —0° (10)

Before applying the model of sports perseverance
intervention, the attributes of sports perseverance
intervention must be analyzed in light of the actual
situation. The model parameters can be determined
through maximum likelihood estimation.

3. Cointegration Test and Regression Analysis

3.1 Cointegration test

The Johansen tests for cointegration can verify the
cointegration link between several elements of the time
series of the quantitative values of children's mental
toughness under sports persistence intervention. The
various determinants include the number of cycles for the
sports persistence intervention, the style of physical
activity, the presence or absence of a teacher, etc. This work
provides mathematical models for error correction and
breakpoint regression to identify the instances when the
time series of the quantitative values of children's mental
toughness under sports perseverance intervention depart
from the equilibrium state and return to normal.

Suppose there is a cointegration relationship within the
time series of u quantifiable values of children’s mental
toughness. In that case, the long-term relationship between
the time series variables that can characterize the degree of
influence of sports perseverance intervention can be
described as:

1T ® 10O 881 ® 1 (11)
Formula (11) can be converted into a matrix:
07 m (12)

where, A and & can be calculated by:
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Through cointegration regression, the time series of the
residual for the quantifiable values of children's mental
toughness under sports persistence intervention can be
determined. The residual series were then subjected to two
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