/~. SIN-CHN

W' SCIENTIFIC PRESS PTE.LTD.

Article

Molecular & Cellular Biomechanics 2025, 22(3), 1041.
https://doi.org/10.62617/mcb1041

The study on the intelligent transformation of ice and snow sports
curriculum under the perspective of innovation and entrepreneurship
education in biomechanics

Chao Song

Sports College, Daging Normal University, Daging 163712, China; songchao20241028@163.com

CITATION

Song C. The study on the intelligent
transformation of ice and snow sports
curriculum under the perspective of
innovation and entrepreneurship
education in biomechanics.
Molecular & Cellular Biomechanics.
2025; 22(3): 1041.
https://doi.org/10.62617/mcb1041

ARTICLE INFO

Received: 9 December 2024
Accepted: 14 December 2024
Auvailable online: 13 February 2025

COPYRIGHT

Copyright © 2025 by author(s).
Molecular & Cellular Biomechanics
is published by Sin-Chn Scientific
Press Pte. Ltd. This work is licensed
under the Creative Commons
Attribution (CC BY) license.
https://creativecommons.org/licenses/
by/4.0/

Abstract: The necessity for an effective and sustainable curriculum reform has grown in
importance since ice and snow sports have advanced so quickly. In order to maximize the
development and delivery of ice and snow sports curriculum, this study investigates the
integration of innovation and entrepreneurship education within the biomechanics framework.
The study suggests using intelligent systems, like fuzzy c-means (FCM) and optimal clustering
algorithms, to improve the assessment and advancement of ice and snow sports instruction
from the perspective of biomechanics. This study promotes a comprehensive, data-driven
approach to curriculum design that places a high priority on sustainable growth by assessing
the state of information technology in ice and snow sports schools today and looking at the
influence of biomechanical factors on athletic performance and injury prevention. For example,
through advanced sensor technologies, coaches can precisely measure parameters like the force
exerted on skis or skates, the angular velocities of joints during turns, and the balance dynamics
of athletes. This data, when integrated with biomechanical principles, enables the
customization of training programs. By implementing the suggested intelligent transformation
model in Shenyang’s ice and snow physical education programs, the study further assesses its
effectiveness and shows notable gains in both athlete performance and the instructional
framework. In order to promote long-term growth and sustainability in the sector, this research
combines cutting-edge technologies, biological principles, and creative teaching
methodologies related to ice and snow sports education. It focuses on how biomechanical
insights can drive curriculum innovation, ensuring that athletes not only master the skills but
also minimize the risk of overuse injuries and enhance overall athletic efficiency in the
challenging environment of ice and snow sports.

Keywords: intelligent transformation; ice and snow sports; biomechanical education;
innovation and entrepreneurship; curriculum optimization

1. Introduction

The rapid growth of ice and snow sports underscores the need to optimize
educational curricula to meet the evolving demands of both competitive athletes and
recreational participants [1,2]. As nations invest in infrastructure and training
programs for these sports, the role of specialized schools and tailored curricula
becomes increasingly vital for sustainable athletic development. This investment is not
merely about building facilities; it encompasses a holistic approach that integrates
training, education, and community engagement to foster a culture of excellence in
winter sports. However, existing curricula face several challenges, including
fragmented course structures, inadequate teaching resources, and the lack of
standardized evaluation methods. These challenges can hinder the development of
athletes, making it essential to address them systematically. Furthermore, the
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integration of advanced technologies and biological principles—key to enhancing
athletic performance and promoting sustainability—remains insufficient [3,4]. While
many educational institutions recognize the importance of technology in sports
training, few have effectively incorporated these tools into their curricula.

Biology, particularly the study of human physiology and performance
optimization, is foundational to sports education. Understanding the biological
responses to physical exertion, training, and recovery is crucial for designing curricula
that address the physiological needs of athletes. For instance, athletes engaged in high-
intensity training require specific nutritional support and recovery strategies to
optimize their performance and health. This biological perspective not only facilitates
individual performance enhancement but also supports injury prevention, well-being,
and sustainable training practices. Incorporating biological principles into the
curriculum can lead to more informed training regimens that consider individual
athlete differences, such as age, gender, and genetic predispositions. Additionally, the
concept of sustainable development in the context of biological systems highlights the
importance of incorporating environmental, health, and technological considerations
into educational models. This means that curricula should not only focus on physical
training but also address the broader implications of sports on health and the
environment. Such integration ensures the long-term viability of ice and snow sports
[5-8].

In recent years, the inclusion of innovation and entrepreneurship education within
ice and snow sports curricula has emerged as a promising solution to address these
challenges. This shift recognizes that the future of sports will require not only skilled
athletes but also innovative thinkers who can adapt to changing circumstances and
create new opportunities. By fostering creativity and entrepreneurial thinking,
educators can equip students to envision the future of these sports and develop
innovative solutions to existing barriers. For example, students might be encouraged
to design new training programs, develop sustainable practices for sports events, or
create technology that enhances athlete performance. Advanced intelligent systems,
including clustering algorithms and fuzzy c-means (FCM) models, offer powerful
tools for evaluating and improving sports education programs by providing data-
driven insights into curriculum effectiveness [9,10]. These systems can analyze large
datasets from various sources, such as athlete performance metrics and educational
outcomes, to identify trends and areas for improvement.

This study explores the intelligent transformation of ice and snow sports curricula
through the lens of innovation and entrepreneurship education in biology. By
integrating biological principles with cutting-edge technology, this research aims to
create a robust educational framework that not only enhances athletic performance but
also prepares students for careers in the evolving landscape of sports. By leveraging
biological principles alongside advanced algorithmic models, the research aims to
optimize curriculum design, assessment, and educational outcomes. For instance,
using FCM models, educators can categorize athletes based on their performance data,
allowing for more personalized training approaches that cater to individual strengths
and weaknesses [11,12]. The application of intelligent, data-driven, and biologically
informed approaches seeks to create a sustainable and innovative framework for ice
and snow sports education. This model emphasizes continuous improvement, where
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feedback loops allow for real-time adjustments to training programs based on athlete
performance and recovery data. This approach not only enhances the learning
experience for students but also contributes to the overall development of ice and snow
sports as a discipline.

2. Methods

2.1. Optimized clustering algorithm

When dealing with numerical data, the similarity measurement method presented
in the following table prove to be quite useful. Among them, Minkowski distance is
LP norm (P > 1), while Manhattan distance, Euclidean distance and Chebyshev
distance correspond to the case when p =1 or 2 respectively, as clearly shown in Table
1.

Table 1. similarity measurement criteria function table.

Similarity measurement criteria Similarity measure function

Euclidean distance d(x,y) =
n
Manhattan distance d(x,y) = Z”xi =ill
i=1
Chebyshev distance d (X, y) = maxi”:llzp_ﬂn ”Xi =Y, ”
1
n p
Minkowski distance d(x,y) = [Z (x; — yi)p]
i=1

The integration of multiple algorithms in hybrid approaches inevitably increases
algorithmic complexity. Thus, achieving a balance between algorithmic complexity
and solution effectiveness remains a critical focus in the study of hybrid heuristic
algorithms. To address this, a hybrid meta-heuristic algorithm, m-ils-spp, is proposed
[13].

This algorithm leverages a multi-start mechanism and incorporates four
neighborhood search operators designed to explore the neighborhood space, thereby
enhancing partition quality. Additionally, a Set Partition Problem (SPP) model is
established to improve the algorithm’s global optimization capability. As a result, the
proposed algorithm demonstrates strong optimization performance and reliable
convergence [14,15].

However, some limitations exist. The algorithm requires significant
computational time to construct the initial solution, and the convergence speed of the
designed neighborhood search operators is relatively slow when applied to single
calibration slicing. The dimensional representation of the algorithm is illustrated in
Figure 1 below.

This research aims to refine these aspects while maintaining a balance between
complexity and efficiency, ensuring the algorithm’s practical applicability in solving
complex optimization problems.
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Figure 1. Dimension code diagram.

With the strategy of “school grouping first, students then assigning”, the k-
medoids model is used to group the schools, and the hybrid heuristic algorithm is used
to slice the single school and multiple schools respectively, and finally the optimal
partition scheme is obtained. Therefore, by analyzing the framework, characteristics,
advantages and disadvantages of heuristic algorithm, combined with the idea of hybrid
algorithm, this chapter proposes three hybrid heuristic algorithms to solve the school
district division problem under the multi start and random mechanism [16]. The
heuristic algorithm combined in each hybrid heuristic algorithm can make up for their
respective defects, enhance the search ability of the algorithm, ensure that the
algorithm does not fall into the limitation of local optimization, and realize the
diversification of the algorithm. The basic structures of the three hybrid heuristic
algorithms are: Constructing the initial solution, hybrid heuristic algorithm
optimization and optimal solution. The construction of the initial solution is the same
in the three algorithms.

2.2. Optimize clustering algorithm to build ice and snow characteristic
teaching model

The effect of the original K-means source code test data is shown in Figure 2
below.
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Figure 2. K-means source code dataset.

The main algorithm used in the teaching of ice and snow characteristics is the
optimized fuzzy clustering algorithm. And there is no sudden change. Bezdek
combines Fuzziness with the concept of mathematics and puts forward fuzzy set
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theory. Fuzzy theory is mainly used to explain some fuzzy information concepts in
language. Based on this, fuzzy set theory has been widely developed, Ruspini
proposed fuzzy partition [17]. On this basis, the objective function can be written as

the following Equation (1):
L 2
m|nzm|nj=1,z,...,k Hxi _,UjH (1)

i-1
This function is a non convex optimization function and will converge to the local
optimal solution, as shown in Equation (2):

z=min;_, |% -4, Hz )

The data of the optimized clustering algorithm should be classified into one
category, while the data above should be classified into two categories, which is caused
by the unreasonable selection of the initial centroid. Similarly, take the data set in the
above figure, and take £ = 2, 3, and 4 to get the following clustering results, as shown
in Figure 3.

K-Means Cluster, k = 2

K-Means Cluster, k = 3

K-Means Cluster, k = 4
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Figure 3. Optimized source code data set 4 case study.

Data cleaning and data standardization are the two primary components of this
chapter, which primarily examines the data pretreatment involved in building the ice
and snow characteristic school model. Based on the degree of information application
development in ice and snow characteristic teaching schools, an online questionnaire
survey although the questionnaire system data was exported, and the original data of
the development of the informatization application level of ice and snow characteristic
teaching schools was gathered and sorted out, some errors occurred during the manual
filling out of the questionnaire, which could result in data errors and input data that is
not in accordance with common sense. As a result, the initial data collected can be
insufficient, inconsistent, or even partially erroneous.

3. Improve data cleaning efficiency

After exporting the required original data through the questionnaire system, this
data is usually not directly used as the specific data for data analysis. It is necessary to
process some invalid or missing data in the original questionnaire data of the type or
format in the questionnaire data. In addition, it is also necessary to de duplicate the
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questionnaire data according to the actual situation. For example, this research is based
level in ice teaching schools [18,19]. Therefore, in the questionnaire survey, the ice
and snow characteristic teaching school is the main body to understand some specific
application index data about information application of its ice and snow characteristic
teaching school, each ice and snow characteristic teaching school only needs the
school leader or the chief teacher of the information office to fill in a questionnaire, of
the informatization application of ice and snow characteristic teaching schools.

As shown in Figure 4, it is the data cleaning module of orthogonal matching
pursuit.
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Figure 4. Data cleaning module of orthogonal matching pursuit.

3.1. Strengthen the application of data standardization

In the multiple informatization application index system of optimized clustering
algorithm, due to the different nature of each informatization application index, there
are different dimensions and orders of magnitude of informatization application index
data. The standardized processing of information application index data of ice and
snow characteristic teaching schools can quantify the specific application index data.
Before cluster analysis and processing of data, it is a common processing method to
standardize the original data [20]. Common data standardization methods include min
MA (standardization, log function conversion, etc.). In this paper, the data
standardization processing adopts the min max standardization method, and the
dimensionless expression scalar is finally formed by converting the dimensionless
expression.

The transformation formula is:

X=X

X — min
"TX X )

max min
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3.2. K-means clustering analysis to improve the informatization
application

The K-means method’s optimization dimensions are more varied when analyzing
the improved clustering algorithm. The K-means clustering technique classifies
information application index data based on distance. The internal properties of
various application indicators are more similar the closer their data objects are near
one another. Figure 5 illustrates the main steps involved in implementing the K-meam
clustering method, which is a hard clustering technique in expression.

start

v

Read data

v

Pilot K clustering centers ——

Classify data points and
form K clusters

Calculate the average value
and update the cluster
center

YES

s the cluster center changed?

end

Figure 5. Implementation flow chart of K-means clustering analysis algorithm.

3.2.1. K-means clustering results provide multidimensional indicators for ice
and snow characteristic teaching

The data for this experiment was sourced from a questionnaire survey system
assessing informatization applications in schools specializing in ice and snow sports
education. The dataset includes 13 informatization application indicators. To facilitate
visualization of the clustering results generated by the clustering algorithm,
dimensionality reduction was performed [21].

A commonly used dimensionality reduction technique across various data
contexts is Principal Component Analysis (PCA). The core idea of PCA is to map the
original high-dimensional data onto a lower-dimensional space while retaining the
most significant features. Specifically, the initial data with NN dimensions is
transformed into a reduced space of mm dimensions, where mm represents a
simplified set of new orthogonal feature dimensions, also referred to as the principal
components. For visualization purposes, mm is typically set to 2, enabling the creation
of a two-dimensional representation that effectively summarizes the original data’s
key features.
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In determining the optimal number of clusters (K), the quality of clustering is
evaluated using the Silhouette Coefficient (SC). The SC ranges from —1 to 1, with
values closer to 1 indicating better-defined clusters. In this study, when K = 3, the SC
value is approximately 0.95, suggesting that the clustering algorithm effectively
categorized the informatization application levels of the ice and snow education
schools into three distinct groups.

The clustering visualization results obtained using the K-means algorithm are
presented in Figure 6, highlighting the successful classification of informatization
development levels within the dataset.
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Figure 6. K—clustering visualization effect of means clustering algorithm.

3.2.2. optimized K-means

In algorithm, the number of ice and snow characteristic teaching schools divided
into category 2 is the largest. In order to better describe the informatization application
level of three different categories and the differences of informatization application
among different categories of schools, the development level of each category of ice
and snow featured teaching schools under 13 informatization application indicators is
shown in Figure 7 in detail.
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Figure 7. K—development level under the informatization application index of
means clustering.

Table 2. analysis results informatization application of different types of schools under K-means clustering.

Sum of squares df mean square F inspection Scheffe(c)

Intergroup 6.241 2 3.211 59.318 3>1
Common functions of school online learning space In group 17.862 330 0.054 3>2

total 24.284 332 1>2

Intergroup 7.934 2 3.967 71.182 1>2
Common functions of school teaching information n group 18.391 330 0.056 1>3
system

total 26.325 332 3>2

Intergroup 56.887 2 28.444 808.012 1>2
Prop(_)rtlon of teachers who open real name online n group 11.617 330 0.035 >3
learning space

total 68.504 332 3>2

Intergroup 4.202 2 2.101 31.786 1>2
Proportion of subject teachers who can use information In group 21810 330 0.066 359
technology to teach

total 26.011 332

Intergroup 16.876 2 8.438 25.200 3>1
Functions of mapagement information system n group 24471 330 0.074 32
commonly used in schools

total 41.347 332

As shown in Figure 6, A1-A3 are three specific application indicators for the
application of information infrastructure in ice and snow characteristic teaching
schools, B1-B7 are seven specific application indicators of informatization teaching
application in ice and snow characteristic teaching schools, and C1-C3 are three
specific application indicators of informatization management application in ice and
snow characteristic teaching schools. The development of the application level of the
three + similar ice and snow characteristic teaching schools under the application
dimension of information infrastructure is roughly similar. Compared with the
application of information infrastructure, the utilization rate of multimedia equipment
in the multimedia classroom of ice and snow characteristic teaching school is as high
as 80%, The average class scheduling of each computer classroom in the ice and snow
characteristic teaching school and the number of multi-functional classrooms
commonly used in the school in the ice and snow characteristic teaching equipment
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are less than 40%, Ice and snow characteristic teaching schools more multi-functional
classrooms, which for ice and snow characteristic teaching, It is also the foundation to
ensure that children have good ice and snow characteristic teaching. As shown in
Table 2.

4. Discussion

The rapid advancement of ice and snow sports has necessitated a robust and
sustainable curriculum reform that aligns with contemporary educational and athletic
needs. This study highlights the integration of innovation and entrepreneurship
education within the biological biomechanics framework as a critical step towards
enhancing the curriculum for ice and snow sports. The findings emphasize that a data-
driven approach, underpinned by intelligent systems such as fuzzy c-means (FCM)
and optimal clustering algorithms, can significantly improve the assessment and
advancement of ice and snow sports instruction.

The necessity for curriculum reform in ice and snow sports education cannot be
overstated. As the popularity of these sports grows, so does the complexity of the skills
required to excel in them. Traditional teaching methods may not adequately address
the diverse needs of athletes, particularly in terms of skill acquisition and injury
prevention. By integrating biological biomechanics into the curriculum, educators can
provide a more holistic approach that not only focuses on performance but also on the
physiological aspects of athletic development. This integration ensures that athletes
are not only mastering the required skills but are also equipped with the knowledge to
prevent injuries, thus promoting long-term participation in these sports.

The study proposes the use of intelligent systems, particularly FCM and optimal
clustering algorithms, to enhance the assessment of ice and snow sports instruction.
These systems allow for a nuanced analysis of data collected from various sources,
including advanced sensor technologies. For instance, coaches can gather precise
measurements of forces exerted on skis or skates, joint angular velocities during
maneuvers, and balance dynamics. By analyzing this data through the lens of
biomechanical principles, training programs can be customized to meet the specific
needs of each athlete. This personalized approach not only optimizes performance but
also minimizes the risk of overuse injuries, which are prevalent in high-intensity sports
like skiing and snowboarding.

The comprehensive data-driven approach to curriculum design advocated in this
study is paramount for sustainable growth in ice and snow sports education. By
assessing the current state of information technology in ice and snow sports schools,
the research identifies gaps and opportunities for improvement. The emphasis on
biomechanical factors and their influence on athletic performance provides a solid
foundation for developing effective training regimens. Moreover, the incorporation of
innovative teaching methodologies ensures that athletes are engaged and motivated to
learn.

The findings reveal that integrating advanced technologies into the curriculum
not only enhances the learning experience but also prepares athletes for the demands
of competitive sports. For example, the use of real-time feedback from sensor

10
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technologies can help athletes make immediate adjustments to their technique, leading
to improved performance outcomes.

The application of the intelligent transformation model in Shenyang’s ice and
snow physical education programs serves as a case study for the effectiveness of this
approach. The notable gains in athlete performance and the instructional framework
underscore the potential benefits of adopting a data-driven, biomechanically-informed
curriculum. By focusing on the unique characteristics of ice and snow sports, this
model fosters an environment where athletes can thrive, both in terms of skill
development and injury prevention.

Furthermore, the study’s findings suggest that the implementation of such models
can lead to significant improvements in the overall quality of ice and snow sports
education. The ability to tailor educational experiences to the specific needs of athletes
not only enhances individual performance but also contributes to the development of
a more competent and knowledgeable coaching staff.

Building on expert research and findings regarding educational informatization,
this study refined the informatization application index system tailored to the unique
needs of China’s ice and snow education schools. The establishment of this index
system is a crucial step in understanding the current levels of informatization within
these schools. By utilizing a questionnaire survey system, the study collected data that
reflect the informatization application levels, providing a comprehensive overview of
how technology is being integrated into ice and snow sports education.

The application of K-means and FCM clustering algorithms to analyze this data
reveals significant insights into the characteristics of school informatization
applications. The identification of distinct levels—high, low, and intermediate—
allows for targeted interventions and resource allocation. Schools categorized within
the high level can serve as models for best practices, while those in the low and
intermediate categories can benefit from tailored support and training to enhance their
informatization efforts.

The variance analysis conducted to test for significant differences in school
informatization levels further emphasizes the utility of FCM clustering. This method
provides a more precise depiction of the unique informatization application levels
within ice and snow characteristic education schools. By capturing the personalized
and nuanced features of these applications, educators and administrators can better
understand the specific needs of their institutions.

The findings suggest that the FCM clustering algorithm is particularly effective
in analyzing differences in personalized teaching applications. This capability is
essential for developing educational strategies that cater to the diverse needs of
students and athletes. By understanding the developmental characteristics at each level
of informatization, schools can implement targeted initiatives that promote growth and
enhance educational outcomes.

5. Conclusion

Building on expert research and findings regarding educational informatization
and its development in schools with ice and snow characteristics, this study further
refined the informatization application index system through comprehensive

11
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questionnaires and expert interviews. This process involved gathering insights from
educators, administrators, and technology specialists to ensure that the index system
accurately reflects the unique context of ice and snow sports education. Ultimately, an
index system tailored to the unique needs of China’s ice and snow education schools
was established. This customized index serves as a foundational tool for assessing the
current state of informatization and guiding future enhancements in educational
practices. Data on the informatization application levels of these schools were
collected using a questionnaire survey system. The survey was designed to capture a
wide range of factors, including the availability of technological resources, the
integration of digital tools in teaching, and the overall digital literacy of educators and
students. This comprehensive approach ensured that the collected data provided a
holistic view of how informatization is being implemented in these specialized
educational settings

By applying the K-means and fuzzy c-means (FCM) clustering algorithms, the
study identified key characteristics of school informatization applications in ice and
snow education. These algorithms allowed for the grouping of schools based on their
informatization levels, providing insights into patterns and trends that may not have
been evident through traditional analysis methods. A significant difference test for
school informatization levels was conducted using variance analysis. This statistical
approach enabled the researchers to determine whether the differences observed
between groups were statistically significant, thereby validating the findings. The
results demonstrated that the FCM clustering algorithm is particularly effective for
analyzing differences in the personalized teaching applications of ice and snow
characteristic education schools. This effectiveness can be attributed to FCM’s ability
to handle uncertainty and variability in data, making it well-suited for educational
contexts where individual needs and circumstances can vary widely. It provides a more
precise depiction of the unique informatization application levels within these schools.

Using FCM clustering, the development levels of informatization applications
were categorized into three groups: High, low, and intermediate. This categorization
not only simplifies the analysis but also helps stakeholders understand where each
school stands in terms of their technological integration and use. Additionally, a
difference analysis was conducted to explore the developmental characteristics at each
level. For instance, schools in the high category may exhibit advanced digital teaching
methods and robust infrastructure, while those in the low category may struggle with
basic technological integration. This approach underscores the utility of FCM
clustering in capturing the personalized and nuanced features of informatization
applications in ice and snow characteristic education schools.

Overall, this study highlights the importance of tailored educational frameworks
that consider the specific needs and contexts of ice and snow sports education. By
leveraging advanced analytical techniques like FCM clustering, educators and
policymakers can make informed decisions that enhance the effectiveness of
informatization efforts, ultimately benefiting students and the broader educational
landscape.
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