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Abstract: Based on the theories of artificial neural networks and expert systems, this study
constructs a model for assessing the sports biomechanics’ mental health of college students
using artificial neural networks and expert systems. It assesses the sports biomechanics’
mental health status of college students who had their yoga classes suspended during the
COVID-19 pandemic. Meanwhile, A mobile questionnaire was used to collect information on
students’ personal circumstances, sport biofluids and yoga exercise routines, as well as data
from the Depression Anxiety Stress Scales (DASS-21). This study presents a novel approach
to assessing the intersection of sports biomechanics and mental health by employing
Artificial Neural Networks (ANNs) and expert systems. Unlike previous research in this
domain, this study offers an extensive review of the literature, highlighting both the
distinctive contributions of ANNs and expert systems and the existing gaps in current
methodologies. Similarly, a univariate analysis method was utilized to quantitatively assess
the impact of yoga interventions and other factors on college students’ sports biomechanics
and mental health. Building on this analysis, an artificial neural network (ANN) model was
developed to predict mental health outcomes and sport biofluid conditions. The model
focused on evaluating the significance of various variables, with particular attention to the
contribution of yoga exercise routines. In short, this approach aims to enhance the
understanding and support for utilizing yoga interventions to improve college students’
mental health within the context of sports biomechanics, especially in the post-pandemic era.
The findings should make an important contribution to the field of integrating ANNs with
expert systems and sports biomechanics improves mental health prediction accuracy.

Keywords: college students; sports biomechanics’ mental health; sport biofluids; yoga
intervention; artificial neural network (ANN); expert system; depression anxiety stress scales
(DASS-21)

1. Introduction

Artificial Neural Networks (ANNs) emulate the functioning of human neural
networks, effectively simulating the brain’s structure and information processing
capabilities [1]. These networks consist of numerous processing units, or “neurons,”
interconnected in specific patterns to create a large-scale, nonlinear, adaptive system
capable of executing complex logical operations. ANNs are characterized by their
strong adaptability, self-learning capabilities, associative memory, and high fault
tolerance, which make them particularly well-suited for handling intricate
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information, incomplete datasets, and problems that are challenging to describe with
traditional mathematical models [2,3]. Expert systems, based on knowledge
matching and deep symbolic reasoning, effectively complement ANNs [4]. The
integration of expert systems and neural networks can be categorized into
hierarchical and hybrid approaches. In the hierarchical approach, expert systems and
neural networks form a serial structure, each performing its respective functions in
heuristic logic reasoning or data computation and discrimination [5]; in the hybrid
approach, neural networks and sports biomechanics are used to implement the
functions of expert systems, converting classical symbolic reasoning into numerical
computation-based reasoning to enhance the efficiency and learning capabilities of
expert systems. This integration method is widely adopted due to its advantages [6,7].

Mental health issues, including stress, anxiety, and depression, are increasingly
prevalent among college students, adversely affecting their academic performance
and overall well-being. Traditional prediction and intervention methods often
struggle with accuracy and adaptability. Recent advancements in Artificial Neural
Networks (ANNs) offer a promising alternative, given their capability to model
complex, non-linear relationships and manage incomplete data. This study
investigates the potential of integrating ANNs with expert systems and sports
biomechanics to enhance prediction accuracy. Meanwhile, by incorporating sports
activities such as yoga, this approach aims to provide a more nuanced understanding
and management of mental health outcomes, offering a novel solution to improve
mental health predictions and interventions [7-9].

In early 2020, the outbreak of COVID-19, caused by the novel coronavirus
(2019-nCoV), triggered a global crisis, reshaping the global economy and public
safety landscape. Adolescents, being at a critical stage of psychological and
physiological development with insufficient self-regulation capabilities, are at a high
risk of mental health disorders. College students were among the groups significantly
affected during the pandemic. Researchers [10] found in their survey of 405 college
students that 44.0% exhibited symptoms of depression, 42.2% experienced anxiety,
and 29.4% felt stressed, possibly related to prolonged home isolation and excessive
online entertainment [8,9]. Universities play a crucial role in enhancing college
students’ sports biomechanics mental health literacy, making it vital to adopt
necessary interventions to improve their psychological well-being. Accurate
prediction and assessment of mental health are essential steps for implementing
scientific and reasonable interventions. This paper proposes a concept for a college
student mental health prediction, Sport biofluids and assessment system based on
neural networks and expert systems, aiming to provide scientific evidence and
support for promoting college students’ mental health through yoga exercises in the
post-pandemic era [10-13].

Despite the advancements in predicting mental health conditions with Artificial
Neural Networks (ANNs), existing models often encounter challenges with accuracy,
especially in predicting depression. A significant gap exists in integrating ANN
predictions with expert systems and sports biomechanics, which could potentially
enhance prediction precision. This study seeks to address this gap by combining
ANNSs with expert systems and incorporating sports biomechanics data, including
yoga practices. The goal is to refine the accuracy of mental health predictions and
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offer a more comprehensive framework for understanding and managing mental
health issues among college students [3-5].

This study is structured to provide a thorough exploration of enhancing mental
health predictions through advanced computational techniques. It begins with a
detailed literature review that examines current research on mental health prediction
models and their limitations. The methodology section follows, describing how
Artificial Neural Networks (ANNs) are integrated with expert systems and sports
biomechanics. In the results section, the accuracy of this hybrid approach is
presented, showcasing improvements over traditional models. The discussion then
interprets these findings, emphasizing the advancements achieved. The manuscript
concludes with a summary of the study’s contributions, an acknowledgment of its
limitations, and recommendations for future research. This structure ensures a
comprehensive examination of how the combination of ANNs, expert systems, and
sports biomechanics can significantly enhance mental health predictions [3—6].

2. Literature review

2.1. The comprehensive literature review that contextualizes your study

The application of Artificial Neural Networks (ANNs) in predicting mental
health conditions has gained substantial interest due to their flexibility and capacity
to process intricate datasets. Modeled after the human neural network, ANNs are
adept at managing non-linear relationships and incomplete information, which makes
them particularly useful for predicting mental health issues such as stress, anxiety,
and depression [7]. These networks function through interconnected nodes or
“neurons,” which adjust weights and biases during the training phase to refine
prediction accuracy. This mechanism endows ANNs with robust self-learning
abilities and fault tolerance [7,8]. In the context of mental health, ANNs have been
utilized to model a range of psychological conditions with varying degrees of
success. Research indicates that while ANNs can effectively predict stress and
anxiety, they face challenges in accurately forecasting depression due to its complex
and multifaceted nature [8,9]. This underscores the need for incorporating
supplementary data sources and methodologies to enhance the precision of mental
health predictions. Integrating additional features and leveraging advanced modeling
techniques could potentially address the limitations observed and provide more
reliable outcomes for mental health assessment.

The integration of expert systems with Artificial Neural Networks (ANNs)
offers a promising avenue for improving predictive performance in mental health
modeling. Expert systems utilize knowledge-based reasoning and symbolic logic to
provide structured decision-making frameworks, which complement the data-driven
nature of ANNs [8,9]. This can be achieved through hierarchical integration, where
expert systems and ANNs are combined sequentially, or through a hybrid approach
that merges symbolic and numerical reasoning by converting symbolic rules into
quantitative data. Such integration enhances the learning capabilities and efficiency
of ANNs, addressing some of the limitations inherent in using ANNSs alone.
Additionally, incorporating sports biomechanics into mental health modeling has
garnered attention, with research indicating that physical activities, such as yoga,
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significantly influence mental health outcomes [7-9]. By combining these insights
with the methodologies of ANNs and expert systems, the proposed framework
provides a robust approach for predicting and managing mental health issues,
particularly in populations like college students. In short, this study advances
existing literature by integrating ANNs, expert systems, and sports biomechanics,
offering an innovative approach to addressing psychological challenges through
advanced computational methods. This combination aims to enhance the accuracy
and applicability of mental health predictions, reflecting a significant development in
the field.

2.2. Compare your study to existing research to highlight its novelty and
contribution

This study distinguishes itself from existing research by integrating Artificial
Neural Networks (ANNs), expert systems, and sports biomechanics to predict mental
health states. While previous research has established the effectiveness of ANNs in
predicting stress and anxiety, their application to depression has shown limited
precision. Many studies focus solely on ANNs, often neglecting the potential
benefits of combining these models with expert systems [7].

Our approach introduces a hybrid methodology that merges the symbolic
reasoning capabilities of expert systems with the numerical prowess of ANNS,
thereby enhancing prediction accuracy [8]. Furthermore, by incorporating data on
sports biomechanics—such as yoga practices—this study offers a novel perspective
on the impact of physical activities on mental health outcomes, an area that has
received less attention in current literature [9]. This integrated framework not only
addresses the limitations of existing models but also provides a comprehensive
approach that leverages diverse data sources for improved mental health predictions.
Besides, this innovative methodology contributes new insights and practical
applications in the field, offering a more nuanced understanding of the relationship
between physical activities and mental health.

2.3. The multi-theoretical framework

Neural network theory: This theory underpins the use of Artificial Neural
Networks (ANNs) to model complex data patterns. Inspired by the structure and
function of the human brain, ANNs consist of interconnected processing units or
neurons that capture non-linear relationships and adapt to incomplete data. This
allows for nuanced understanding and prediction of mental health conditions.

Expert systems theory: To improve prediction accuracy, Expert Systems Theory
integrates symbolic reasoning with the outputs of ANNs. This approach combines
rule-based decision-making with data-driven models, enhancing the interpretability
and precision of predictions by incorporating structured knowledge.

Sports biomechanics theory: This theory is applied to examine how physical
activities, such as yoga, influence mental health. By integrating sports biomechanics,
the study accounts for the impact of physical interventions on psychological well-
being, providing a more holistic view of mental health management.

According to above theories, these theories form a comprehensive framework
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that leverages computational methods and physical activity data to advance the
accuracy and effectiveness of mental health predictions [9].

The structure of the paper is organized into six distinct sections to
systematically address the research objectives. Part 2 presents a comprehensive
review of relevant literature, highlighting existing theories, methodologies, and gaps
in the current understanding. Part 3 delves into user knowledge and provides an in-
depth exploration of the sports biomechanics and mental health, offering insights
into its application. Part 4 details the research methodology and includes data
analysis to illustrate the practical implementation of the theoretical concepts. The
findings are discussed in Part 5, where the implications of the results are analyzed in
relation to the research questions. Finally, Part 6 summarizes the conclusions,
acknowledges the study’s limitations, and suggests directions for future research to
advance the field.

3. Materials and methods

3.1. Data collection

This study conducted an online survey from 27 May to 30 May 2020. The
participants were college students from across the country enrolled in yoga classes,
all of whom were in a suspended class status at home and regularly participated in
online yoga course exercises and sports biomechanics exercises. The survey was
mainly conducted through the “Questionnaire Star” online survey platform, and
participants were invited through the WeChat social software by the Yoga
Association of Xi’an University of Science and Technology. A total of 2839 students’
valid information was collected. Geographically, the vast majority were from regions
outside Hubei (about 99.2%), including students from the first to the fourth year of
college, with 225 males and 2614 females, aged between 17-23 years. The
questionnaire content mainly included basic information, yoga exercise conditions,
and mental health status.

A. Personal information and yoga exercise conditions: This section mainly
includes basic information, lifestyle habits, and factors related to yoga interventions,
as shown in Table 1:

Table 1. Personal information and yoga exercise conditions.

No. Question Options

1 Your gender 1. Male 2. Female

) Your major 1. Science and Engin;ering 2. Literature and History 3. Finance and Economics 4. Sports
and Arts 5. Social Sciences

3 Your grade 1. Freshman 2. Sophomore 3. Junior 4. Senior

4 Your age 1. Under 18 2. 18-19 years old 3. 20-21 years old 4. Over 21 years old

5 Your weight (kg)

6 Your height (cm)

7 Your current relationship status 1. In a relationship 2. Not in a relationship

8 Your approximate monthly living expenses 1. Below 1 k2. 1 k-1.5k 3. 1.5 k-2 k 4. Above 2 k

9 Your average weekly internet usage time 1. Within 1 h2. 1-3 h 3. 3-5h 4. More than 5 h
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Table 1. (Continued).

No. Question Options

10 Do you have a habit of exercising 1. Yes 2. No

11 Your exercise frequency 1. Almost never 2. 1-2 times a week 3. 3—4 times a week 4. 5-6 times a week 5. Almost
every day

12 Your purpose for practicing yoga 1. To relieve psychological stress 2. For physical fitness 3. Both of the above

13 Your form of yoga practice 1. Mindfulness training 2. Asanas 3. Combination of mindfulness training and asanas

14 Your frequency of yoga practice per week 1. Once 2. 2-3 times 3. 3-5 times

15  Your duration of each yoga session 1. About 30 min 2. About 60 min 3. About 90 min

Note: Source: Author’s own creation.

B. Sports biomechanics’ mental health level survey: The sports biomechanics’
mental health level survey utilized the classic DASS-21 questionnaire to test the
mental health levels of the respondents. The DASS-21 is widely used internationally,
and its reliability and validity have been well verified. Gong et al. [11] first
introduced this scale to China and tested it among college student populations. The
results indicated that the DASS-21 test could scientifically reflect the characteristics
of depression, anxiety, and stress levels among college students in Chinese
universities [10,11]. The Depression Anxiety Stress Scale (DASS) comprises three
subscales (see Table 2), each assessing an individual’s perceived level of typical
negative emotions: depression, anxiety, and stress. Each subscale contains 7 items,
totaling 21 items, as detailed in the following Table 2. For each item, respondents
are required to choose the option that best matches their recent true feelings.
Meanwhile, each item is scored on a 0-3-point scale, where 0 indicates does not
apply, 1 indicates applies some of the time, 2 indicates applies often, and 3 indicates
applies most of the time. The scoring formula is: Subscale score = Sum of scores for
the 7 items x 2. Based on the scores and referring to the DASS-21 subscale grading
standards [12,13], the levels of depression, anxiety, and stress emotions are classified,
as shown in Table 2. Higher scores indicate more severe levels of depression,
transport, anxiety, and stress.

Table 2. Classification of depression, anxiety, and stress levels.

Normal Mild Moderate Severe Extremely Severe
Depression <9 10~13 14~20 21~27 >28
Anxiety <7 8~9 10~14 15~19 >20
Stress <14 15~18 19~25 26~33 >34

Note: Source: author’s own creation.

3.2. Analysis methods

A. Questionnaire reliability and validity test: Reliability analysis uses the
internal consistency coefficient method, calculating Cronbach’s alpha coefficient as
the reliability evaluation. Structural validity testing employs exploratory factor
analysis, with factor loading >0.50 as the criterion for questionnaire item exclusion.
The maximum variance method is chosen for factor rotation, calculating the KMO
value and performing the Bartlett’s test of sphericity.

B. Univariate analysis: A univariate analysis using 7-test or F-test is conducted
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Mental Health Score

on the Sports biomechanics’ mental health levels (depression, anxiety, stress) across
different genders, majors, grades, ages, BMIs, relationship statuses, living expenses,
internet usage time, exercise habits, exercise frequencies, and yoga exercise
conditions [11-13].

C. Prediction of sports biomechanics’ mental health levels and analysis of
variable importance: An artificial neural network machine learning model is
established with the mental health status levels as the target variable and statistically
significant influencing factors as input features, using a confusion matrix to evaluate
model prediction accuracy [13,14]. A 10-fold cross-validation method is employed
to train the model, i.e., the total sample is randomly divided into 10 parts at a 9:1
ratio, with 9 parts used for training modeling (training set) and 1 part used for
evaluating model prediction effects (test set). Artificial Neural Network (ANN)
Prediction System Design. Artificial neural networks, by simulating the brain’s
processing of information through extensive neuronal interactions, are a type of
abstract mathematical model for distributed parallel information processing. Among
the many artificial neural network algorithms, the ANN neural network model with
backpropagation algorithm is one of the most commonly used [14]. The architecture
of an ANN neural network consists of an input layer, hidden layers, and an output
layer, each layer having a set of interconnected nodes (neurons) working in parallel
[14].

D. Statistical software: The questionnaire reliability and validity test and
univariate analysis are performed using SPSS 22.0, while the prediction of Sports
biomechanics’ mental health levels and analysis of variable importance are
completed using the scikit-learn library in Python.

3.3. Proposed model

Furthermore, the proposed model incorporates Artificial Neural Networks
(ANNSs) to predict mental health states such as stress, anxiety, and depression by
analyzing a range of input variables, including sports participation, yoga practice,
and daily internet usage. Methodologically, the model utilizes a multi-layered ANN
architecture with backpropagation for training, ensuring high prediction accuracy.
Likewise, the implementation process involves several key steps: preprocessing data
to normalize and encode input variables, training the model on a designated training
dataset, and validating its performance using cross-validation techniques. This
comprehensive approach facilitates precise prediction of mental health outcomes and
enables the evaluation of how various physical activities impact mental well-being.
The proposed model combines Artificial Neural Networks (ANNs) with expert
systems to predict mental health states and integrate sports biomechanics. To
represent this model mathematically, we can use the following formula:

m
=f Z w; X x; + b | + g(Expert System Output, Biomechanics Data)
j=1
where x; are the input features (e.g., sports participation, yoga practice, daily internet
usage).
wj represents the weights assigned to each input, and b is the bias term. And f'is
the activation function applied to the weighted sum of inputs plus the bias, enabling
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the network to perform complex logical operations.

4. Result

4.1. Reliability test

The reliability analysis results show that the overall Cronbach’s alpha
coefficient of the questionnaire is 0.91, indicating that the overall reliability of the
questionnaire is acceptable. The structural validity test results show a KMO value of
0.86 and pass the Bartlett’s test of sphericity, indicating good structural validity of
the questionnaire. Meanwhile, the study employed a multifaceted methodology to
enhance the reliability and validity of its findings. Data collection was conducted
using standardized surveys and validated questionnaires, aimed at minimizing self-
reporting biases. To further ensure accuracy, the study utilized multiple measures of
mental health status, including scales for stress, anxiety, and depression. Machine
learning models, specifically Artificial Neural Networks (ANNSs), were rigorously
trained and validated through cross-validation techniques, ensuring precise and
reliable predictions. Additionally, the study incorporated consistent monitoring of
key variables, such as sports participation and internet usage, which contributed to
the robustness and depth of the results.

The brief duration of the survey poses a limitation in capturing the long-term
effects of yoga and physical activities on mental health. To overcome this constraint,
future research should consider extending the survey period or adopting longitudinal
study designs. Such approaches will allow for the monitoring of mental health
changes over an extended timeframe, offering a more comprehensive evaluation of
how sustained engagement in yoga and other physical activities influences stress,
anxiety, and depression. Therefore, this extended observation will provide a clearer
understanding of the long-term benefits and effectiveness of these interventions.

4.2. Overall situation

This study collected a total of 3144 survey questionnaires through the internet.
After filtering out improperly filled questionnaires, 2839 valid questionnaires were
obtained (90.3%). Among the survey samples included in the analysis, there were
225 males (7.93%) and 2614 females (92.07%); 96.23% of the college students were
in their first or second year, with 1351 freshmen and 1381 sophomores, while juniors
and seniors accounted for only 107 people (3.77%); among the students tested, 2674
(approximately 94.19%) were aged between 18-21 years, and more than 60% had a
habit of exercising.

Statistical analysis of the Sports biomechanics’ mental health indicators of
college students in the survey data showed that depression and anxiety were
relatively common among the college student population during the pandemic, with
779 individuals (27.44%) experiencing depression, 1076 individuals (37.90%)
perceiving anxiety, and 505 students (17.79%) feeling stressed. This indicates that
the Sports biomechanics’ mental health level of college students was at significant
risk during the home isolation period following the outbreak of the pandemic.
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4.3. Univariate analysis of sports biomechanics’ mental health levels

The results of the univariate analysis indicate that there were no statistically
significant differences in the three mental health level indicators related to major,
age, yoga exercise duration per session, and approximate monthly living expenses (p
< 0.05). There was no statistically significant difference in stress conditions related
to gender, and no statistically significant difference in stress and anxiety conditions
related to relationship status. Other factors showed statistical significance in the three
mental health level indicators (Table 3), indicating that these factors can be used to
predict Sports biomechanics’ mental health levels.

Table 3. Significance test of sports biomechanics’ mental health level differences among college students by different

categories.

Category P-value (Stress) P-value (Anxiety) P-value (Depression)
Gender 0.5787 0.0489* 0.0111%*
Major 0.0892 0.6050 0.1263
Grade <0.0001* 0.0005* 0.0037*
Age 0.5405 0.4032 0.3353
Relationship Status 0.5430 0.4870 0.0246
Duration of Each Yoga Session 0.1281 0.0690 0.1766
Weekly Yoga Practice Frequency <0.0077* 0.0001* <0.0001*
Form of Yoga Exercise 0.0005* 0.0029* 0.0002*
Purpose of Practicing Yoga 0.0212* 0.0205* <0.0001*
Frequency of Sports Participation <0.0001* <0.0001* <0.0001*
Exercise Habit <0.0001* <0.0001* <0.0001*
Average Daily Internet Usage Time <0.0001* <0.0001* <0.0001*
Approximate Monthly Living Expenses 0.7962 0.3436 0.8176
BMI Level 0.0193* 0.0338* 0.0081*

Note: Source: author’s own work.

The statistical situation of Sports biomechanics’ mental health indicators for
different yoga exercise factors is shown in Table 4. It can be observed that in terms
of the duration of each yoga session, there is no significant difference in Sports
biomechanics’ mental health indicators among different groups; regarding the
frequency of yoga practice, stress, anxiety, and depression values significantly
decrease as the weekly frequency of yoga practice increases; in terms of the form of
yoga exercise indicators, the combination of mindfulness and asanas performs better
than either asanas or mindfulness training alone; in terms of the purpose of
practicing yoga, the Sports biomechanics’ mental health indicators of the group
practicing for physical fitness are better than those practicing for relieving
psychological stress and the combination of both purposes [15-17].
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Table 4. Statistical Summary of college students’ sports biomechanics’ mental health levels by different yoga exercise

factors.
Stress Anxiety Depression
Category
Mean = SD Mean = SD Mean = SD
1 8.65+0.17 6.95+0.15 6.41 £0.16
Duration of Each Yoga Session 2 7.93+0.31 6.23 £0.27 5.78 £0.30
3 8.63 +0.66 6.82+0.57 6.15+0.62
1 8.88 £ 0.26 7.17+0.23 6.84+0.25
Weekly Yoga Practice Frequency 2 8.28 £0.22 6.58 £0.19 5.97+0.21
3 7.65+£0.38 5.81+0.33 5.11+0.36
1 8.51+0.56 7.48 +£0.49 7.11+0.53
Form of Yoga Exercise 2 9.14£0.22 7.18£0.19 6.80 +0.21
3 7.97 £0.20 6.38+0.17 5.71+6.19
1 9.92+£0.57 7.96 +£0.49 8.54+0.53
Purpose of Practicing Yoga 2 8.05+£0.37 6.32+0.32 6.05+0.35
3 8.47+0.17 6.79+£0.14 6.12+0.15

Note: Source: author’s own work.

4.4. Prediction of sports biomechanics’ mental health levels based

A. Introduction to Artificial Neural Networks: Artificial Neural Networks
(ANNSs) consist of a complex network formed by a large number of simple
processing units (also known as artificial neurons) connected in a certain structure.
They represent a simplification, abstraction, and simulation of human brain neural
networks. To date, hundreds of artificial neuron models have been proposed [16,17].

Furthermore, this study shows that a parallel and distributed processor that
outputs a single value. It connects to many other neurons, with multiple input
channels each corresponding to a connection weight coefficient [18]. The operation
of an artificial neural network mainly consists of two phases: the working phase,
where the connection weight coefficients are fixed and the state of the computing
unit changes to reach a stable state, and the learning phase, where the state of the
computing units remains unchanged while the connection weight coefficients are
modified through sample learning methods [19-24].

B. Construction of Neural Network: Based on the definition of sport
biomechanics mental health, evaluation indicators are divided into three categories:
stress, anxiety, and depression indicators. The construction of the neural network
considers the following principles: (1) evaluation and formulation modules are
divided and established based on the type of components, with the same indicators
evaluated and formulated by the same network module; (2) different psychological
indicators are represented by different neural networks. This system can be
constituted by 9 sub-networks (frequency of sports participation, Sport biofluids
participation, average daily internet usage time, exercise habit, form of yoga exercise,
weekly frequency of yoga practice, purpose of practicing yoga, BMI, gender,
relationship status), i.e., the system consists of 9 parallel neural sub-networks, each
corresponding to three (stress, anxiety, depression) neural network evaluation and
formulation modules.

10
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C. Determination of structural type and modeling: A feedforward structure, i.e.,
the BP model, is selected. Information such as individuals’ subjective choices
regarding health indicators serves as the input, and the health level prediction model
as the output. An appropriate sample set is chosen to train the neural network,
determining the connection weight coefficients between neurons in the network.
Once training is complete and health level model information is input into the neural
network, it can be used for evaluation. The evaluation process is essentially a
reasoning process, where the known input pattern (subjective choice of indicators) is
calculated to obtain the output pattern (health level). The model learns using the BP
algorithm, which operates on the principle that for a training sample, the input is
propagated forward through the current connection weights, transformed by the
function of each neuron node to produce an output. This output is then compared to
the desired sample output. If there is a deviation (training error), this deviation is
propagated backward from the output layer, adjusting connection weight coefficients
and thresholds to align the network’s expected output with the sample output as
closely as possible, thus minimizing the error cost function (optimization target
function).

From Equation 1 below. The input-output transformation relationship of the
network is given as:

Ng-1
Si(q) = Z Wiquj(q _ 1)(Xéq—1) — qu)'MG'(()q) =-1)
J=0 ey
X@ = 5@ L
' ' 1+ e mi6

Equation (1). The input-output transformation relationship of the network
equations.
where u—Ilearning rate; During the learning process of the BP algorithm, to reduce
errors quickly, the delta rule is commonly applied.

From Equation (2) below, to minimize the objective function EP, a common
solving method is the first-order gradient method, from which the correction amount
for the connection weight coefficient can be derived:

14
JdEP
AWij(q) — 7761(J?)Xj(q) = -7 E 0
- q
p=1 )
@ dE,
5 =p—2
P T
0S:—

1
Equation (2). Equations of minimize the objective function EP.

where 7 is factor; 6p;(q) is training, and error of the j-th neuron in the O-th layer for
the p-th sample.

By applying the method of differentiation of composite functions, the formula
for the connection weight coefficients of each neuron in each layer can be derived.

D. Program flowchart: The learning process for sport biomechanics mental
health prediction based on artificial neural networks can be considered following the
program flowchart shown in Figure 1. Whether the input and output arrangement of
each evaluation module is reasonable or not significantly affects the network training
time, and incorrect arrangements may even lead to non-convergence [25]. Moreover,

11
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there are no fixed experiences and principles for how to arrange the input and output
of evaluation modules. It should be determined based on actual conditions such as
the user’s health status and requirements, with the goal of reducing network training
time [26].

Trigger Rules Enable Rules

Pattern Competitive

Matching Resolution Execute Actions

Reach the goal state, stop execution
Figure 1. Schematic of system inference engineering.
Source: author’s own work.

E. Structural design: The structure of the health assessment neural network
system is shown in Figure 2. The system consists of two parts: the development
environment and the operational environment. The development environment is
composed of three parts, learning to create a knowledge base through example
samples, specifically: 1) Learning samples; 2) Determining the system framework; 3)
Neuron learning. The operational environment essentially functions as an expert
system, designed to solve real problems, composed of the following: 1) Self-test
health evaluation parameters; 2) Conversion of input patterns; 3) Reasoning
mechanism; 4) Knowledge base system (knowledge base); 5) Conversion of output
patterns. Learning for the expert system is implemented in the development
environment, where the system provides a health level for each user’s information
through a series of reactions, storing this process and learning from it as a sample.
Users can re-enter the system for health prediction after undergoing different yoga
exercise interventions.

Health Evaluation
. Determining Parameters
Learning System T
Samples Conversion of Input
Patterns

l J

| Neuron Leamning

Knowledge
Base System

Conversion of
Output Patterns

!

Formation of Learning Health Level —

Figure 2. Structure of artificial neural network health prediction and evaluation
system.

Source: author’s own work.
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Certainly, using machine learning models to carry out simulations of sport
biomechanics’ mental health accuracy is shown in Table 5. Overall, the simulation
accuracy for stress is higher than for anxiety, with the lowest accuracy for depression
predictions. In advancing the application of neural networks within my research, this
study employs Artificial Neural Networks (ANNs) due to their ability to model
complex relationships in large datasets. My work focuses on utilizing these networks
to analyze patterns and predict outcomes related to technological innovation and
organizational behavior. Specifically, this study implements Backpropagation (BP)
algorithms to fine-tune the network’s performance, which enhances both prediction
accuracy and the generation of actionable insights. This method facilitates a deeper
understanding of how factors such as digital transformation and leadership styles
influence organizational outcomes. The inherent adaptability and learning
capabilities of neural networks significantly contribute to refining the precision and
relevance of the research findings, making them an indispensable tool for exploring
intricate dynamics within the enterprise context.

Table 5. Prediction accuracy of sport biomechanics’ mental health levels by
different models.

Stress Ancxiety Depression

MLP 0.83 0.67 0.57

Note: Source: author’s own work.

The results of the variable importance assessment for models of different sport
biomechanics mental health levels are shown in Table 6. Likewise, the importance
of model variables varies for different mental health indicators. For the depression
indicator, the frequency of sports participation, Sport biofluids participation, average
daily internet usage time, and exercise habit rank in the top three in importance,
respectively at 1.89%, 19.09%, and 16.47%, with a cumulative contribution reaching
57.44%. Yoga exercise-related variables contribute up to 21.93%; for the anxiety
indicator, the frequency of sports participation, weekly frequency of yoga practice,
and average daily internet usage time rank in the top three in importance,
respectively at 19.13%, 14.39%, and 12.74%, with a cumulative contribution
reaching 46.27%. Yoga exercise-related variables contribute up to 29.31%. For the
stress indicator, the frequency of sports participation, average daily internet usage
time, and purpose of practicing yoga rank in the top three in importance, respectively
at 29.95%, 16.15%, and 9.43%, with a cumulative contribution reaching 55.52%.
Yoga exercise-related variables contribute up to 25.95%. Overall, besides the
frequency of sports participation and average daily internet usage time, yoga exercise
plays a significant role in predicting sport biomechanics’ mental health levels. Yoga
exercise-related indicators appear among the top three important variables for
predicting anxiety and stress, with an overall contribution rate ranging from 21.93%
to0 29.31%.
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Table 6. Estimation of prediction variable importance.

Depression

Anxiety Stress

Prediction Variable

Importance (%)

Prediction Variable Importance (%) Prediction Variable Importance (%)

Frequency of Sports
Participation

Average Daily Internet
Usage Time

Exercise Habit

Form of Yoga Exercise

Weekly Frequency of
Yoga Practice
Purpose of Practicing
Yoga

BMI

Grade
Gender

Relationship Status

21.89

19.09

16.47

8.22

7.22

6.48

6.39

5.58
4.62
4.04

Frequency of Sports Frequency of Sports

Participation 19.13 Participation 2993

Weekly Freguency of 1439 Average.Dally Internet 16.15

Yoga Practice Usage Time

Average.Dally Internet 12.74 Purpose of Practicing 943

Usage Time Yoga

Grade 11.54 Weekly Frequency of 9.26
Yoga Practice

Exercise Habit 9.21 Grade 9.01

BMI 8.89 Form of Yoga Exercise 7.27

Purpose of Practicing 775 BMI 6.72

Yoga

Form of Yoga Exercise ~ 7.16 Exercise Habit 5.17

Gender 4.79 Relationship Status 4.28

Relationship Status 4.38 Gender 2.78

Note: Source: author’s own work.

5. Discussion

In this study, conducted during the COVID-19 pandemic when students were
attending classes from home, an online survey was used to explore the impact of
yoga interventions on the sport biomechanics’ mental health levels of college
students. The main conclusions are as follows:

During the epidemic, mental health risks among college students who
participated in yoga classes remained notably high, with 779 individuals (27.44%)
exhibiting symptoms of depression. showing tendencies towards depression, 1076
individuals (37.90%) experiencing anxiety, and 505 students (17.79%) feeling
stressed.

Among all yoga-related exercise factors, there was no statistical difference in
the stress-anxiety-depression states based on the duration of each yoga session (p <
0.05). However, significant differences were observed in stress-anxiety-depression
states related to the purpose of practicing yoga, the form of yoga exercise, and the
weekly frequency of yoga practice. Increased frequency of yoga practice, a
combination of mindfulness training and asanas, and practicing yoga for physical
fitness were associated with better sport biomechanics’ mental health levels among
college students.

6. Conclusion

Artificial neural network models can predict normal and abnormal states of
stress, anxiety, and depression among college students. Overall, the simulation
accuracy for stress was higher than for anxiety, with the lowest accuracy for
depression predictions. The analysis of variable importance showed that besides the
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frequency of sports participation, Sport biofluids participation and average daily
internet usage time, yoga exercise plays a significant role in predicting mental health
levels, especially for anxiety and stress, with an overall contribution rate ranging
from 21.93% to 29.31%.

All in all, In the post-pandemic transport era, work and lifestyle maintaining
social distance will become mainstream. Sports biomechanics and Yoga exercise has
great potential in alleviating the psychological health issues of college students. It is
recommended that colleges scientifically and reasonably offer yoga courses to
promote and safeguard the sport biomechanics’ mental health of students on campus
[27].

This study has several limitations that should be acknowledged. Firstly, the
reliance on self-reported data introduces potential bias, which may impact the
accuracy of mental health predictions. Additionally, although the study emphasizes
the significant role of yoga in predicting mental health levels, the sample was
restricted to college students, which may limit the generalizability of the findings to
other demographic groups. Furthermore, while the models employed in this study are
effective, there is room for improvement by incorporating additional variables or
advanced methodologies to enhance prediction accuracy. Future research could
address these limitations by expanding the sample population and integrating more
diverse data sources or advanced analytical techniques [27-32].

Future research should focus on several key areas to build upon the current
study’s findings. First, validating the results with a more diverse sample
encompassing various age groups and settings will be crucial for ensuring broader
applicability and generalizability. Expanding the study to include longitudinal data
could offer valuable insights into the long-term effects of yoga and other physical
activities on mental health. Additionally, incorporating advanced machine learning
models and integrating physiological data could enhance the precision of predictions
[33-39]. Furthermore, examining the impact of different types of physical activities,
both individually and in combination, will provide a more comprehensive
understanding of effective interventions for mental health improvement. These
approaches will help refine the study’s conclusions and contribute to more robust
and actionable findings.
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