
Citation: Wu, M.; Hao, X.; Lv, Y.; Hu,

Z. Design of Intelligent Management

Platform for Industry–Education

Cooperation of Vocational Education

by Data Mining. Appl. Sci. 2022, 12,

6836. https://doi.org/10.3390/

app12146836

Academic Editors: Jerry

Chun-Wei Lin and Xiwen Zhang

Received: 9 May 2022

Accepted: 2 July 2022

Published: 6 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

applied  
sciences

Article

Design of Intelligent Management Platform for
Industry–Education Cooperation of Vocational Education by
Data Mining
Min Wu 1, Xinxin Hao 1, Yang Lv 2 and Zihan Hu 3,*

1 Department of Public Affairs Management and Public Policy, School of Public Administration,
Sichuan University, Chengdu 610065, China; wu_min@scu.edu.cn (M.W.); haoxinxin@stu.scu.edu.cn (X.H.)

2 Department of Preschool Education, College of Teachers, Chengdu University, Chengdu 610106, China;
lvyang@cdu.edu.cn

3 Faculty of Business, University of Prince Edward Island, Charlottetown, PE C1A 4P3, Canada
* Correspondence: zhu3@upei.ca

Abstract: Data are playing an increasingly important role in the development of industry–education
cooperation strategies in vocational education and training. The objective of this study was to
promote the comprehensive progress of an industry–education cooperation system and improve
the effect of the application of big data technology in this system. First, we designed of a big
data technology application in an intelligent management platform system for industry–education
cooperation. Second, we analyzed the synthetical design of the system. Finally, we optimized and
designed a support vector machine (SVM) data mining (DM) algorithm model based on big data, and
evaluated the model. The results revealed that the designed algorithm model provides outstanding
advantages compared with similar algorithm models. In general, the highest average computation
time of the designed SVM algorithm model is about 95 ms. The overall average calculation time
linearly decreases around 200 iterations and tends to be stable, and the lowest overall average
computation time is about 20 ms. In the DM process, the highest accuracy rate of the model is about
97%, and the lowest is about 92%. The DM accuracy rate is always stable as the number of iterations
of the model continues to increase. The designed model slowly increases the occupancy rate of the
system in the process of increasing computing time. At about 60 min, the system occupancy rate
of the model tends to be stable, and the highest is maintained at about 23%. This study not only
provides technical support for the optimization of DM algorithms with big data technology, but also
contributes to the integrated development of industry–education cooperation systems.

Keywords: industry–education cooperation; big data technology; the SVM data mining algorithm;
intelligent management platform

1. Introduction

Vocational education and training (VET) is a “safety net” for labor force employment
in society because it better meets the needs of the labor market compared with general
education, thereby improving the status of vocational-education students and reducing the
possibility of future unemployment of VET graduates [1]. Graduates with work experience
can more smoothly enter the workforce, especially during the COVID-19 pandemic [2].
Therefore, in order to improve the construction of VET platforms and optimize the current
vocational education effect, in this work, we used data mining (DM) algorithms to build a
reasonable VET platform.

The dual system VET in German is internationally recognized as performing very
well [3–5]. It is characterized by the joint participation of companies, schools and colleges,
government, and industry associations. Students receive a formal education at a voca-
tional school, along with practical training driven by the needs of the company, and then
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directly practice in the company as an apprentice [6,7]. China has been trying to adopt
the German VET system; however, due to the long-term monolithic management of the
Chinese government, the original characteristic of multiple partners being involved in
German VET system has not been transferred [8]. The Chinese VET currently has some
limitations. School/college–enterprise cooperation is inefficient, and human, material, and
information resources are not provided quickly during the cooperation process [9,10]. It
is difficult to transmit the needs of enterprises to schools in time. The skills that students
learn from formal and practical training courses in vocational schools and colleges are not
what companies actually need [11,12].

China has started to develop an industry–education cooperation strategy in order
to solve these VET problems. The core of the aim of industry–education cooperation is
to promote the connection between the education and talent chains of vocational schools
and colleges and the industrial and innovation chains of enterprises, which means that
the people trained at vocational schools and colleges have the work skills that companies
really need [13]. Industry–education integration can deepen partners’ involvement in VET
and enhance the efficiency of information sharing [14]. The in-depth cooperation between
industry and education is the main direction of modern VET reform [15].

The increasing employment of new technologies can help people in various aspects of
life [16]. Advances in technology have provided important technical support for deepening
the degree of industry–university cooperation in VET. In the context of the swift growth of
big data technology, the deep integration of big data and education has become a trend;
with the rapid progress of education informatization, big data technology will provide vital
technical support for higher-education reform. Higher vocational schools and colleges can
rely on big data technology to deepen cooperation with companies and innovate talent
training methods [17]. Therefore, using network technology to establish a network platform
for remedial teaching is an effective teaching tool and the best way to achieve the sharing
of information and resources [18]. By establishing an intelligent management platform for
industry–education cooperation, it can open up channels for data resource sharing among
partners and improve the development speed of VET [19]. Although this technology is not
mature enough, many studies have provided technical support for it. Intelligent service
platforms can realize the interconnection of information between main and substations,
and improve the efficiency of information resource sharing [20]. The 3D virtual display on
the web side and VR technology on the mobile side enable a more comprehensive display
of teaching results [21]. Information technology and data mining (DM) technology are
changing people’s lives, and information processing has become stronger. Various types of
information research are becoming increasingly important [22].

Although big data technologies can help VET partners more effectively share data
resources, little research has focused on the design of data resource development platforms
for industry–education cooperation [23]. The existing research has mainly focused on
sharing online VET resources [24], VET credit certification [25], and VET quality evalua-
tion [26] using data mining. Therefore, the main contribution of our study is the design
of an intelligent management platform for industry–university integration based on DM
technology. We optimized a support vector machine (SVM)-DM algorithm model for the
data acquisition of the intelligent management platform for industry–education cooper-
ation. This study not only provides technical support for the compositive optimization
of big data technology, but also contributes to the rapid advancement of strategies for
industry–education cooperation.

Section 2 introduces the related research theory and methods. The design of DM
technology in big data technology is discussed, and the application and design of the VET
intelligent management platform are studied. Section 3 presents the setup of the study
data. Section 4 details the performance evaluation of the vocational education intelligence
platform with DM. Section 5 discusses the behavioral logic of VET partners and the positive
impact of the intelligent management platform on their behavior. Conclusions are drawn
and future work is discussed in Section 6. The contribution of this study is that it provides
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a basic DM algorithm for the construction of VET, and makes the construction of the VET
platform more active through DM.

2. Research Theory and Methods
2.1. Big Data Technology

The term big data, also known as mega data, means that the amount of data is
so huge that it cannot be processed by ordinary data software tools. Big data must be
collected, managed, processed, and organized within a reasonable time to provide reference
information to help the business decision making [27]. It refers to the technology of
collecting data from various industries and quickly obtaining valuable information through
these data. The emergence of big data has provided a critical technical foundation for the
rapid collection of information, and has an important impact on social development. It has
many characteristics, for instance, huge data volume, diverse data types, fast processing
speed, and low value density [28].

Based on the various characteristics of big data, its role is also integrated. First,
its processing and analysis are becoming the characteristics of the new generation of
information technology fusion applications. Technologies such as mobile Internet, the
Internet of Things (IoT), digital homes, social networks, and e-commerce are some forms of
application of the new generation of information technology in this era; these technologies
are all serving big data technology, constantly generating a variety data [29]. Additionally,
cloud computing technology provides a platform for parallel computing and storage of
these massive and diverse big data. These platforms feed the final results back to the
above-mentioned applications through a series of operations on data from different sources,
creating huge economic and production value for social development. Therefore, if big
data technology is interpreted as an industry, this industry profits through processing
data, thereby improving the value of data use and realizing the continuous increase in
data value [30]. Second, big data are the main force driving the continuous change in
the information industry and the continuous accumulation of information. New services,
products, technologies, and formats for big data technology are constantly emerging.
Moreover, big data technology has played a huge role in promoting the development
of hardware and integrated equipment; that is, it is significantly influencing the chip
manufacturing and output storage industries. It has motivated the development and mass
production of integrated data storage processors, and its use will become a key factor in
improving the core competitiveness of society. That is, big data technology will become the
key technology supporting various industries, and will become the main force driving the
development of various industries. Finally, the methods and means of scientific research
in the era of big data technology are undergoing major changes. This era will produce
a variety of methods to improve the efficiency and value of scientific research [27]. The
overall design of big data technology platforms is displayed in Figure 1.

As shown in Figure 1, as the current main pillar of industry, big data technology
can be used to conduct experimental, innovative research and can increase the value of
research. Furthermore, its technical means are various, involving visual analysis, DM,
predictive analysis, semantic engines, and data management [31]. There are many trends
in its development, including the recycling of data: big data have become a vital compet-
itive resource in various industries in current society, and have become a new strategic
point of competition. From this, for enterprises to develop in current society, they must
formulate strategies and technologies related to big data in advance to seize the market
opportunities created by big data [32]. Big data technology needs to be combined with
cloud computing technology, meaning that its application and development are inseparable
from cloud processing. Cloud computing technology provides the basic equipment for data
processing, and is one of the main platforms for generating big data. Since the beginning of
the 21st century, big data technology has been linked with cloud computing technology,
so, in the future, the relationship between the two will be even closer. Additionally, a
series of new scientific computing technologies, such as the IoT and mobile Internet, will
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provide technical support for the development of big data technology, so that it can exert
its more comprehensive advantages and promote the overall expansion of society [29].
The breakthroughs in scientific theory have led to big data technology creating a new
era of scientific and technological reform. What has followed is the rapid development
and application of related technologies such as DM, machine learning (ML) and artificial
intelligence (AI), which are changing the status of data in the social industry, and leading to
their own related theoretical knowledge construction, achieving breakthroughs in scientific
computing technology through big data technology. The establishment of data science and
data alliances have shown that data leakage incidents through big data technology will
significantly increase in the next few years. Therefore, continuous optimization and reform
are needed to enhance the main performance of big data technology [33]. The degree of
compounding of the data ecosystem is strengthened, that is, big data technology is not a
single scientific technology, but a synthetically applied scientific computing technology
that integrates multiple technologies [34]. Nowadays, it has begun to take shape in social
development. Therefore, various constructions must be designed to strengthen its perfor-
mance and promote its application in social industries. Helping social development is the
main future development direction of big data [35]. On account of their many advantages
and broad development prospects in the future, the research platforms constructed with
big data technology have great value.
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2.2. Industry–Education Cooperation of Vocational Education and Training

Vocational education and training allow an educated person to acquire the vocational
knowledge, skills, and work ethics required for a certain occupation. From a macro per-
spective, industry–education cooperation means the coordinated development of VET
and industrial systems. From a micro perspective, industry–education cooperation means
that vocational schools and colleges offer courses based on the needs of companies, and
teach students working knowledge and skills to improve the quality of training. [36]. VET
is also a complex social system, comprising the government, higher vocational colleges,
industrial enterprises, students, and other subjects. VET is externally affected by policy
factors and economic factors, and internally by various elements such as educational
concepts, school resources, and enterprise needs. It has a certain unique characteristics.
However, the social views on industry–education cooperation are not unified: there are two
mainstream views [37]. One view is that industry–education cooperation is school/college–
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enterprise cooperation. This view advocates that school/college–enterprise cooperation
and industry–education cooperation are the products of different stages of economic and
social development. Although the expression and denotation are different, the connotation
and essence are the same. The second view is that industry–education cooperation is not
school/college–enterprise cooperation. This view argues that the connotation and essence
of school–enterprise cooperation are not the same as industry–education cooperation, and
that industry–education cooperation is an advanced stage of school–enterprise cooperation.
In short, from a macro perspective, industry–education cooperation is the integration of
industry and education, and from a micro perspective, it is the integration of production
and teaching [38]. Therefore, industry–education cooperation has three basic character-
istics. The first is diversified subjects. The management involves the government, and
operation involves entities such as vocational education schools, production industries, and
enterprises [39]. The second is dynamic evolution. The fundamental purpose is to promote
the adaptation of VET to social and economic development. The third is cross-system
cooperation, which is the integration of the VET and industrial systems. In conclusion,
our basic aim in this study was to link VET and industrial systems and build an informa-
tion management platform to enable industry–education cooperation. We aimed to help
the VET system obtain more real industrial system information, and promote the rapid
growth of VET systems. We also provide more comprehensive VET information for the
industrial system, and integrate teaching elements into its production process [40]. Our
design approach for industry–education cooperation is shown in Figure 2.
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In Figure 2, industry–education cooperation, as a product of the close connection
between current VET and social-industrial systems, provides vital support for promoting
the two [41]. We mainly designed an intelligent management platform through the DM
technology of big data, providing technical support for industry–education cooperation
systems and promoting its comprehensive progress.

2.3. Mining Technology under Big Data

DM must first be used to preprocess the data. This necessitates some additional
processing of the acquired data before the big data technology processing [42]. The main
purpose of DM is to provide more accurate data that meets the requirements and improves
the efficiency and accuracy of information processing by big data technology. This operation
is one of the important information processing aspects of big data technology. There are
various methods for data preprocessing, including data integration, cleaning, selection,
etc. [43]. With the support of these data preprocessing technologies, the synthetical quality
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of DM technology in practical applications is greatly improved, the time required for actual
DM is reduced, and the practicability of actual data acquisition is improved.

Data cleaning is the integrated improvement in incomplete, noisy, and inconsistent
data in the real world. Namely, through data filling, noise reduction, and prediction
methods, the data are cleaned to improve their integrity and practicability [44]. The
requirements of the results of data cleaning comprise the standardization of data format,
ensuring no data are abnormal, removing erroneous data, and filling f blank data. Data
integration is the unified processing of multiple data sources in massive data sets to improve
the effectiveness of data storage [45]. If the form of the original data is not suitable for
the information processing algorithm, data transformation is necessary. Data integration
involves combining data from multiple data sources into a consistent store. Data selection
involves filtering and selecting the data to be used. Big data technology mainly includes the
K-nearest neighbors (KNN), naïve Bayes, k-means, apriori, and PageRank algorithms, and
SVM. In this study, we principally designed and optimized the SVM algorithm to enable its
application in an intelligent management platform for industry–education cooperation, to
improve the efficiency of the platform DM, and promote its development [46].

The VSM algorithm is an example of a class of machine algorithms that perform
generalized linear classification of data by supervised learning, and its decision boundary
is the maximum margin hyperplane that solves the learning samples. Therefore, its main
core is a linear classification algorithm, and its input data and learning objectives are:

X = {x1, . . . , xN} (1)

y = {y1, . . . , yN} (2)

where X represents the input data, and y is the learning objective. If there is a hyperplane
as the decision boundary in the feature space where the input data are located, the learning
targets are separated into positive and negative classes. If the point-to-plane distance of
any sample is greater than or equal to one, then the calculation for the decision boundary
and the point-to-plane distance is as follows:

w>X + b = 0 (3)

yi

(
w>Xi + b

)
≥ 1 (4)

where w> denotes the normal vector of the hyperplane, and b indicates the intercept of
the hyperplane. Then, the hyperplane is used as the interval boundary to discriminate the
sample classification algorithm, as exhibited in Equations (5) and (6):

wTXi + b ≥ +1,⇒ yi = +1 (5)

wTXi + b ≤ −1,⇒ yi = −1 (6)

The implication is that all samples above the upper interval boundary belong to the
positive class, and those below the lower interval boundary belong to the negative class.
The calculation of the loss function of the SVM algorithm is expressed in Equation (7):

L(p) =
{

0 p < 0
1 p ≥ 0

(7)

where p is probability. The 0-1 loss function is not a continuous function, so is not conducive
to the solution of optimization problems. So, the usual choice is to construct a proxy loss.
The loss function used by SVM after optimization is the hinge loss function, and its
calculation is demonstrated in Equation (8):

L(p) = max(0, 1− p) (8)
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Consistency studies on surrogate losses showed that when the surrogate loss is a
continuous convex function and is an upper bound of the 0-1 loss function at any value,
the result of solving the surrogate loss minimization is also the solution of the 0-1 loss
minimization. The hinge loss function satisfies the above conditions. According to statistical
learning theory, a classifier generates risk when it learns on and is applied to new data. The
risk can be divided into empirical and structural risk types. The calculation is as follows:

ε = ∑N
i=1 L(pi) = ∑N

i=1 L[ f (Xi, w), yi] (9)

Ω( f ) =‖ w ‖p (10)

where f refers to the classifier, N is the total number of samples, and i denotes the calculation
sample. The equations show that empirical risk is defined by the loss function, and
structural risk is defined by the classifier parameter matrix. Then, a classifier determines its
model through two sublines, and the calculation of the model is indicated in Equations (11)
and (12):

L =‖ w ‖p +C ∑N
i=1 L[ f (Xi, w), yi] (11)

w = argmin
w
L (12)

where C is the regularization coefficient. The risk of the above model has been minimized.
The improved algorithm for skewed data is written in Equation (13)

C+1N+1 = C−1N−1 (13)

where +1 and −1 represent positive and negative examples, respectively. The improved
calculation of probability SVM is illustrated in Equations (14) and (15):

Â, B̂ = argmin
A,B

1
N ∑N

i=1(yi + 1) log(pi) + (1− yi) log(1− pi) (14)

pi = sigmoid
[

Â
(

w>φ(Xi) + b
)
+ B̂

]
(15)

where Â and B̂ express the zoom and translation parameters, respectively. The solution of
the model is as follows:

h(α, β) = −∑N
i=1 αi +

1
2 ∑N

i=1 ∑N
j=1

(
αiQαj

)
+ ∑N

i=1 I(−αi) + ∑N
i=1 I(αi − C) + β ∑N

i=1 αiyi (16)

I(x) = −1
t

log(−x), Q = yi(Xi)
>(Xj

)
yj (17)

where I represents the logarithmic blocking function, which essentially uses a continuous
function to approximate the inequality relationship in the constraints, and the meanings
of the calculation parameters in all the above equations are the same. Based on the DM
technology used with big data, the SVM algorithm was optimized, and the VET intelligent
management platform was constructed. The algorithm comprehensively improved the
efficiency and accuracy of data acquisition of the intelligent management platform, and
provided more professional and accurate educational reference in-formation for the vo-
cational education system. The platform can provide better professional information for
the social industry system, promote the development of the social industry, and improve
the efficiency of integrating teaching elements into its production process [47]. Figure 3
depicts the design method we used to improve the performance of the intelligent VET
management platform by optimizing the SVM algorithm.
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Figure 3 shows that optimizing the SVM algorithm enhanced the performance of
the intelligent management platform of industry–education cooperation using big data
technology. Through the overall application of two-way data, the development of social
industry systems can be promoted, and the teaching efficiency of the VET system can
be increased.

3. Setup of Research Data

We designed a comprehensive SVM-DM algorithm, optimized the VET intelligent
management platform, increased the integration of the performance of the platform, and
increased the accuracy of the information provided by the platform. When evaluating the
designed technology, we used various data sets for training evaluation. The datasets used
were as follows:

(1) The Abalone dataset, which contains a variety of factors, is a multivariate dataset.
It comprises 4177 instances, and the attribute features have 8 attributes such as
classifications, integers, and real numbers.

(2) The Adult dataset, which is the U.S. census dataset, is a multivariate dataset. It
includes 48,842 instances, and the 14 attribute features include, e.g., classification
and integer.

(3) The Covertype dataset, which is a multivariate dataset, as 581,012 instances, and the
attribute features have 54 attributes, such as classifications, integers, and real numbers.

(4) The Nomao dataset is a collection of data about places from many sources. It is a
univariate dataset that includes 34,465 instances, and the attributes include 54 real-
number attributes.

The above datasets are all open datasets and can be obtained through the Kaggle
data platform. Based on the above datasets, the designed SVM-DM technology was
comprehensively evaluated to determine the optimization effect of big data technology
on the VET management platform. We compared and evaluated the designed model
with other models: (1) The K-nearest neighbor (KNN) model is a simple and practical
classification algorithm that measures the distance between different samples, and then
selects the nearest K neighbors according to the distance for classification. The core idea
of the algorithm is that if most of the K-nearest samples in the feature space belong to a
certain category, the sample also belongs to this category. The whole classification process
includes three steps: calculating the distance to determine which neighbors are closest;
finding the nearest neighbor, that is, selecting the K value; then making a decision and
classifying. The KNN algorithm is a classification technique that is easy to understand
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and implement, and performs well in many situations. It is particularly suitable for
multimodal classes and objects with multiclass labels. (2) The Naïve Bayes algorithm model
is a classification algorithm based on Bayes’ theorem that can be used for exploratory
and predictive modeling. The algorithm uses Bayesian techniques but does not take into
account possible dependencies. (3) The k-means algorithm model is relatively simple, using
the cluster to represent the cluster. It is easy to prove that the convergence of the k-means
algorithm is equivalent to all the centroids no longer changing. Its advantages include its
simplicity, speed, high efficiency, and scalability for large data sets, and the time complexity
is nearly linear, which is suitable for mining large-scale datasets. (4) The apriori algorithm
model is the first association rule mining algorithm and a classic algorithm. It uses the
iterative layer-by-layer search method to find the relationships of item sets in the database
to form rules. The process consists of connection (matrix-like operations) and pruning
(removing the unnecessary intermediate results). The concept of item sets in this algorithm
is a collection of items. A set containing k items is a k-item set. The frequency of occurrence
of an item set is the number of transactions that contain the item set. If an item set satisfies
the minimum support, it is called a frequent item set. (5) The PageRank algorithm model
basically defines a random walk model on a directed graph, that is, a first-order Markov
chain, which describes the behavior of walkers randomly visiting each node along with the
directed graph. Under certain conditions, the probability of visiting each node in the limit
case converges to a stationary distribution. At this time, the stationary probability value of
each node is its PageRank value, which indicates the importance of the node. PageRank is
defined recursively, and its calculation can be performed by an iterative algorithm.

4. Performance Evaluation of Vocational Education Intelligence Platform under DM
4.1. Performance Evaluation of DM

The SVM-DM algorithm model was used to optimize and design the DM technology
for big data. The intelligent management platform enabling industry–education coopera-
tion was built through optimized SVM-DM technology. The main objective was to improve
the efficiency of integration between the social industry and VET systems, and to deepen
the degree of integration between the two, thereby promoting the development of social
industry systems while improving the effect of VET. The comparison of the performance
evaluation results of the designed SVM algorithm model to those of the other models are
illustrated in Figure 4.

In Figure 4, the comparison of the results obtained by the optimally designed SVM
algorithm with those of the other algorithms shows that the designed algorithm model has
outstanding advantages. In essence, the highest average calculation time of the designed
SVM algorithm model was about 95 ms; the overall average calculation time linearly
decreased and tended to be stable after about 200 iterations. The overall average calculation
time was at least about 20 ms. The other models started to decline when the number of
iterations was about 300, and the calculation time of the other models was at least about
30 ms. This showed that the model pair has obvious optimization in DM. Figure 5 compares
the evaluation results of the accuracy of the DM in the optimally designed SVM algorithm
model with those of the other models.

Figure 5 signifies that the optimally designed SVM algorithm model provides ad-
vantages over the other algorithms in terms of the accuracy of DM on different data sets.
Overall, the accuracy of the model was around 97% at the highest and around 92% at the
lowest, and the accuracy of DM was always stable as the number of iterations of the model
continued to increase. The accuracy of DM in the other models was generally around 90%,
and the stability of DM in the other models was relatively poor. It can be seen that the
designed model also has advantages in the accuracy of DM.
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4.2. Evaluation of the System Suitability of the SVM-DM Model

An algorithm should not only have strong computing properties, but also have better
system applicability, so that the computing model can provide a good technical foundation
for compositive applications. The designed SVM algorithm model not only provides a
better computing model for the VET intelligent management platform, but also creates a
better use environment for the system. Therefore, the occupancy rate of the system was
evaluated through the SVM algorithm model in the calculation process to test the effect of
using the SVM algorithm model. The designed models were evaluated in groups to test the
comprehensive applicability of the models, divided into group-1, -2, and -3. The evaluation
results of the system suitability of the optimally designed SVM algorithm model are shown
in Figure 6.
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Figure 6 shows to the evaluation results of the occupancy rate of the integrated
system by the SVM algorithm model during the calculation process. The results indicated
that the occupancy rate of the model to the system slowly increased as the computing
time of the designed model increased. At about 60 min, the system occupancy rate of
the model tended to be stable, and the system occupancy rate was maintained at about
23% at the highest. At the same time, the difference among the three groups was not
large. Therefore, the optimized algorithm model can well-adapt to the VET intelligent
management platform system.

5. Discussion

In vocational education systems, schools and colleges mainly provide the functions
of personnel training, scientific research, social services, and cultural inheritance. Enter-
prises in the industry mainly pursue economic interests and assume social responsibilities.
Cooperative education to meet different demands is essentially a mutual transaction of
resources. In the case of information asymmetry, it may cause harm to those involved and
increase transaction costs [48].

Based on this research result, we found that the highest average calculation time of the
designed SVM algorithm model was about 95 ms, and the overall average calculation time
linearly decreased and tended to be stable after about 200 iterations. The overall average
calculation time was at least about 20 ms. The performance of the other models started
to decline when the number of iterations was about 300, and the calculation time of other
models was at least about 30 ms. Through the studies of the models in groups, we found
that the occupancy rate of the model to the system slowly increased as the computing
time of the designed model increased. A about 60 min, the system occupancy rate of
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the model tended to be stable, and the system occupancy rate was maintained at about
23% at the highest. The difference among the three groups was not large. Therefore, we
concluded that when enterprises participate in high-efficiency and low-cost VET, their
motivation will be very high to participate. From the perspective of resource dependence,
enterprises mainly participate in VET to obtain the external resources they need, especially
the talent and technologies provided by schools and colleges. The higher the degree of
dependence of the enterprise on the resources provided by the school and colleges, the
lower the resource substitution and the deeper the enterprise’s participation in vocational
education. The time and energy, as resources invested by schools, colleges, and enterprises,
further enhance this resource dependence and strengthen the school/college–enterprise
partnership. According to the logic of the enterprise system, the force driving the deep
participation of enterprises in VET is formed from the aspects of reducing the transaction
cost of enterprises participating in vocational education and improving the supply capacity
of schools [49].

In the intelligent platform we built for vocational education colleges, the participating
partners include universities, enterprises, and social organizations. Although the needs of
different types of partners are different, it is easier to maximize the utilization of resources
through the platform and reduce the transaction costs of VET. Compared with the original
VET model, the VET model we developed through the intelligent service platform provides
the following advantages:

(1) It is easier for the government to take the lead. The government can not only advocate
for schools, colleges, and enterprises to join VET, but also better play its guiding role
through policies, regulations, consultation, and supervision.

(2) In this model, the scale of enterprise demand affects the scale of school and college
supply; on the contrary, the scale of school and college supply also stimulates the
expansion of the size of enterprise demand. The expansion of the scale of either the
supply or demand side affects the other side, which can effectively stimulate the scale
of participation of both schools and colleges and enterprises.

(3) It can alleviate the information asymmetry among universities, governments, industry
organizations, and enterprises, and facilitate the communicate of information and
needs among all parties in a timely manner. Partners can independently decide the
participation fee for the meeting establishing the relationship according to the supply
and demand of the bilateral market, avoiding the restriction of one party providing
special funds.

(4) The platform model has no time limit and is more sustainable. Schools, colleges,
and enterprises can formulate corresponding VET cooperation models in a timely
manner according to each other’s needs, thereby effectively increasing the frequency
of exchanges and interactions between partners.

6. Conclusions

With the constant progress of society, social industry and vocational education have
become important projects in society. The integration and development of the vocational
education and the social industry systems through science and technology are innovative
measures. This method is also important for promote the common development of the two
systems. Based on this, in this study, we designed and applied big data technology to the
current VET system. Consequently, we demonstrated the design basis of applications of
big data technology in VET systems. Then, the design of the VET intelligent management
platform was analyzed, and the optimization method was discussed. Finally, the SVM algo-
rithm model was optimized and assessed, and the model wad comprehensively evaluated.
First, the comparison between the optimally designed SVM algorithm and other algorithms
demonstrated that the designed algorithm model has outstanding advantages. Generally,
the highest average computation time of the designed SVM algorithm model is about 95 ms,
the overall average computation time linearly decreases around 200 iterations, and tends to
be stable. The overall average calculation time is at least about 20 ms, which means that the
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model pair has obvious DM optimization. Second, in the DM process, the highest accuracy
rate of the model is about 97%, and the lowest is about 92%. As the number of iterations
of the model continues to increase, the DM accuracy rate is always stable. However, the
DM accuracy of the other models we used for comparison is generally around 90%, and
the stability of DM of other models is relatively poor. Third, the occupancy rate of the
model in the designed model slowly increases with increasing computing time. The system
occupancy rate of the model tends to be stable at about 60 min, and the system occupancy
rate is maintained at about 23% at the highest. Although we provided a relatively complete
model design and evaluation results, the research on the practical application of the model
is not perfect. Hence, in the future, the research on the practical applications of the model
could be strengthened to improve the comprehensive effect of using the model.

Author Contributions: M.W. led and designed the study, led the data analysis, and contributed to
the acquisition of the financial support for the project leading to this publication. X.H. contributed to
the study design, provided input on the data analysis, and wrote the first draft of the manuscript. Y.L.
contributed to the study design, project administration, and reviewed and edited the first and final of
the manuscript. Z.H. provided input into literature review, data analysis, and wrote the final draft of
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: The article is the research results of the Education Science Western Region Project entitled
“The Behavior Logic and Realization Mechanism of Multiple Subjects’ Synergetic Governance on
Vocational Education” (Project No. XJA190284) funded by The National Social Science Fund of China.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Hoidn, S.; Št’astný, V. Labour Market Success of Initial Vocational Education and Training Graduates: A Comparative Study of

Three Education Systems in Central Europe. J. Vocat. Educ. Train. 2021, 1–25. [CrossRef]
2. Oswald-Egg, M.E.; Renold, U. No Experience, No Employment: The Effect of Vocational Education and Training Work Experience

on Labour Market Outcomes after Higher Education. Econ. Educ. Rev. 2021, 80, 102065. [CrossRef]
3. OECD. OECD Reviews of Vocational Education and Training: Learning for Jobs, Pointers for Policy Development; OECD: Paris,

France, 2011.
4. International Labour Organisation (ILO). Overview of Apprenticeship Systems and Issues. In ILO Contribution to the G20 Task

Force on Employment; ILO: Geneva, Switzerland, 2012.
5. UNESCO. Global Monitoring Report 2012: Youth and Skills. Putting Education to Work; UNESCO: Paris, France, 2012.
6. Malin, L.; Jacob, M. Gendered occupational aspirations of boys and girls in Germany: The impact of local VET and labour markets.

J. Vocat. Educ. Train. 2019, 71, 429–448. [CrossRef]
7. Behrens, M.; Pilz, M.; Greuling, O. Taking a straightforward detour: Learning and labour market participation in the German

apprenticeship system. J. Vocat. Educ. Train. 2008, 60, 93–104. [CrossRef]
8. Li, J.; Pilz, M. International Transfer of Vocational Education and Training: A Literature Review. J. Vocat. Educ. Train. 2021, 1–34.

[CrossRef]
9. Xie, L.; Wu, Y. A study on the Transformation from Vocational ability to Vocational Curriculum and its Countermeasures:

Inspiration from German experience. Educ. Develop. Res. 2022, 42, 36–46. (In Chinese) [CrossRef]
10. Jing, A.; Zhou, H. The basis, problems and trends of promoting the high-quality development of higher vocational education.

J. Beijing Norm. Univ. 2021, 6, 50–58. (In Chinese)
11. Zhang, G. The Value Implication, Realistic Dilemma and Optimization Measures of 1+X Certificate System—Based on the

Perspective of “Three Orientations” of Vocational Education. China High. Educ. Res. 2022, 4, 103–108. (In Chinese) [CrossRef]
12. Yuan, Y.; Yang, Z.; Du, Y. Research on the present situation, problems and Countermeasures of the supply of Technical and skilled

talents in China. Educ. Sci. Res. 2021, 7, 24–29. (In Chinese)
13. Feng, L. Research and Practice of UI Talent Training Model under the Background of Integration of Production and Education.

Comput. Telecommun. 2021, 1, 64–66.
14. Sjöö, K.; Hellström, T. University–industry collaboration: A literature review and synthesis. Ind. High. Educ. 2019, 33, 275–285.

[CrossRef]

http://doi.org/10.1080/13636820.2021.1931946
http://doi.org/10.1016/j.econedurev.2020.102065
http://doi.org/10.1080/13636820.2018.1517128
http://doi.org/10.1080/13636820701837730
http://doi.org/10.1080/13636820.2020.1847566
http://doi.org/10.14121/j.cnki.1008-3855.2022.01.007
http://doi.org/10.16298/j.cnki.1004-3667.2022.04.16
http://doi.org/10.1177/0950422219829697


Appl. Sci. 2022, 12, 6836 14 of 15

15. Rong, Z. Exploration on Curriculum Reform of Higher Vocational Colleges based on the Integration of Production and Education—
Take Engineering Survey as an Example. Theory Pract. Innov. Entrep. 2021, 4, 190.

16. Tobarra, L.; Utrilla, A.; Robles-Gómez, A.; Pastor-Vargas, R.; Hernández, R. A Cloud Game-Based Educative Platform Architecture:
The CyberScratch Project. Appl. Sci. 2021, 11, 807. [CrossRef]

17. Zhang, M.; Liu, X.; Shang, Y.; Kang, L.; Wu, Q.; Cheng, W. Research on comprehensive diagnosis model of anti-stealing electricity
based on big data technology. Energy. Rep. 2022, 8, 916–925. [CrossRef]

18. Yang, C.; Lin, J.C.-W. Design of Distance Assistance System for Intelligent Education by Web-Based Applications. Mobile Netw.
Appl. 2022, 1–12. [CrossRef]

19. Du, M. Application of information communication network security management and control based on big data technology. Int.
J. Commun. Syst. 2022, 35, e4643. [CrossRef]

20. Amo, D.; Gómez, P.; Hernández-Ibáñez, L.; Fonseca, D. Educational Warehouse: Modular, Private and Secure Cloudable
Architecture System for Educational Data Storage, Analysis and Access. Appl. Sci. 2021, 11, 806. [CrossRef]

21. Cornetta, G.; Mateos, J.; Touhafi, A.; Muntean, G.M. Design, simulation and testing of a cloud platform for sharing digital
fabrication resources for education. J. Cloud. Comp. 2019, 8, 12. [CrossRef]

22. Wang, G.; Chen, Y. Construction of the legal framework of Chinese-funded enterprises’ agricultural investment under big data
technology. Acta Agric. Scand. B Soil Plant 2021, 71, 749–761. [CrossRef]

23. Nambobi, M.; Khan, M.S.H.; Alli, A.A. Big Data: Prospects and Applications in the technical and Vocational education and
training Sector. In Data Analytics: Concepts, Techniques, and Applications; CRC Press: Boca Raton, FL, USA, 2018; pp. 297–298.

24. Yuan, X. Network Education Resource Information Sharing System Based on Data Mining. Math. Probl. Eng. 2022, 2022, 4080049.
[CrossRef]

25. Zeng, Y. Credit Certification System of Higher Vocational Education Based on Data Mining Technology. In Innovative Computing;
Springer: Singapore, 2022; pp. 1473–1477.

26. Yuanming, D. Application of data mining technology in teaching quality evaluation. J. Liaoning Tech. Univ. Nat. Sci. Ed. 2016,
1, 17–23.

27. Zhang, B.; Sun, W. An Innovative Study of the Cultivation of Film and Television Talents in Higher Vocational Colleges from the
Perspective of Production-Teaching Integration. Adv. Appl. Sociol. 2021, 11, 523–529. [CrossRef]

28. Tukhtamishevich, M.N. The Relevance of The Management System and The Integration of Education. Integration Of Science,
Education and Practice. Sci. Methodical J. 2021, 2, 34–45.

29. Kharazishvili, Y.; Kwilinski, A.; Dzwigol, H.; Liashenko, V. Strategic European Integration Scenarios of Ukrainian and Polish
Research, Education and Innovation Spaces. Virtual Econ. 2021, 4, 7–40. [CrossRef]

30. Bazarova, S.J.; Baychayev, F.K. Professional-oriented Practical Training-a Factor in the Development of Integration of Education
and Production. Int. J. Integr. Educ. 2021, 3, 276–278. [CrossRef]

31. Hsu, J.L.; Pivec, M. Integration of sustainability awareness in entrepreneurship education. Sustainability 2021, 13, 4934. [CrossRef]
32. Ergashovich, J.E. Pedagogical Conditions and Stages of Integration of Learning Activities and Production Practice. Int. J. Dev.

Public Policy 2021, 1, 72–76.
33. Oatley, G.C. Themes in data mining, big data, and crime analytics. Wiley Interdiscip. Rev. Data Min. Knowl. Discov. 2022, 12, e1432.

[CrossRef]
34. Aguilera, D.; Lupiáñez, J.L.; Vílchez-González, J.M.; Perales-Palacios, F.J. In search of a long-awaited consensus on disciplinary

integration in STEM education. Mathematics 2021, 9, 597. [CrossRef]
35. Dovzhuk, V.; Dovzhuk, N. Integration Aspects of Professional Training of Masters of Pharmacy in University Education of the

Countries of EU and Ukraine. SSP Mod. Pharm. Med. 2022, 2, 1–12. [CrossRef]
36. Shao, Y. Research on smart agricultural waste discharge supervision and prevention based on big data technology. Acta Agric.

Scand. B Soil Plant 2021, 71, 683–695.
37. Yang, C.; Weng, Y.; Huang, B.; Ikbal, M. Development and optimization of CAD system based on big data technology. Comput.

Aided Des. Appl. 2021, 19, 112–123. [CrossRef]
38. Munawar, H.S.; Ullah, F.; Qayyum, S.; Shahzad, D. Big Data in Construction: Current Applications and Future Opportunities. Big

Data Cogn. Comput. 2022, 6, 18. [CrossRef]
39. Wei, C.; Fu, M.; Wang, L.; Yang, H.; Tang, F.; Xiong, Y. The research development of hedonic price model-based real estate

appraisal in the era of big data. Land 2022, 11, 334. [CrossRef]
40. Gao, P.; Li, J.; Liu, S. An introduction to key technology in artificial intelligence and big data driven e-learning and e-education.

Mobile Netw. Appl. 2021, 26, 2123–2126. [CrossRef]
41. Liu, C.Y.; Hou, C. Challenges of Credit Reference Based on Big Data Technology in China. Mobile Netw. Appl. 2022, 27, 47–57.

[CrossRef]
42. Li, L.; Zhang, J. Research and analysis of an enterprise E-commerce marketing system under the big data environment. J. Organ.

End User Comput. JOEUC 2021, 33, 1–19. [CrossRef]
43. Yang, X.; Yang, J.; Yang, Y.; Li, Q.; Xu, D.; Cheng, X.; Li, X. Data-mining and atmospheric corrosion resistance evaluation of Sn-and

Sb-additional low alloy steel based on big data technology. Int. J. Min. Met. Mater. 2022, 29, 825–835. [CrossRef]
44. Wang, J. A novel oscillation identification method for grid-connected renewable energy based on big data technology. Energy Rep.

2022, 8, 663–671. [CrossRef]

http://doi.org/10.3390/app11020807
http://doi.org/10.1016/j.egyr.2022.02.045
http://doi.org/10.1007/s11036-022-01943-5
http://doi.org/10.1002/dac.4643
http://doi.org/10.3390/app11020806
http://doi.org/10.1186/s13677-019-0135-x
http://doi.org/10.1080/09064710.2021.1946586
http://doi.org/10.1155/2022/4080049
http://doi.org/10.4236/aasoci.2021.1111046
http://doi.org/10.34021/ve.2021.04.02(1)
http://doi.org/10.31149/ijie.v3i10.751
http://doi.org/10.3390/su13094934
http://doi.org/10.1002/widm.1432
http://doi.org/10.3390/math9060597
http://doi.org/10.53933/sspmpm.v2i1.42
http://doi.org/10.14733/cadaps.2022.S2.112-123
http://doi.org/10.3390/bdcc6010018
http://doi.org/10.3390/land11030334
http://doi.org/10.1007/s11036-021-01777-7
http://doi.org/10.1007/s11036-020-01708-y
http://doi.org/10.4018/JOEUC.20211101.oa15
http://doi.org/10.1007/s12613-022-2457-9
http://doi.org/10.1016/j.egyr.2022.02.022


Appl. Sci. 2022, 12, 6836 15 of 15

45. Riswantini, D.; Nugraheni, E.; Arisal, A.; Khotimah, P.H.; Munandar, D.; Suwarningsih, W. Big Data Research in Fighting
COVID-19: Contributions and Techniques. Big Data Cogn. Comput. 2021, 5, 30. [CrossRef]

46. Mohammadi, M.; Rashid, T.A.; Karim, S.H.T.; Aldalwie, A.H.M.; Tho, Q.T.; Bidaki, M.; Hosseinzadeh, M. A comprehensive
survey and taxonomy of the SVM-based intrusion detection systems. J. Netw. Comput. Appl. 2021, 178, 102983. [CrossRef]

47. Otchere, D.A.; Ganat, T.O.A.; Gholami, R.; Ridha, S. Application of supervised machine learning paradigms in the prediction of
petroleum reservoir properties: Comparative analysis of ANN and SVM models. J. Petrol. Sci. Eng. 2021, 200, 108182. [CrossRef]

48. Pineda-Herrero, P.; Fernández-de-Álava, M.; Espona-Bracons, B.; Grollman, P.C. Dual vocational education and training-VET-
Companies’ motivations for VET in the Spanish automotive sector. Rev. Educ.-Madr. 2018, 382, 33–54.

49. Caves, K.M.; Baumann, S.; Renold, U. Getting there from here: A literature review on vocational education and training reform
implementation. J. Vocat. Educ. Train. 2021, 73, 95–126. [CrossRef]

http://doi.org/10.3390/bdcc5030030
http://doi.org/10.1016/j.jnca.2021.102983
http://doi.org/10.1016/j.petrol.2020.108182
http://doi.org/10.1080/13636820.2019.1698643

	Introduction 
	Research Theory and Methods 
	Big Data Technology 
	Industry–Education Cooperation of Vocational Education and Training 
	Mining Technology under Big Data 

	Setup of Research Data 
	Performance Evaluation of Vocational Education Intelligence Platform under DM 
	Performance Evaluation of DM 
	Evaluation of the System Suitability of the SVM-DM Model 

	Discussion 
	Conclusions 
	References

